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Abstract: The main target of the present study is to infer the regional subsurface structural framework
of the study area through defining the subsurface basement structural pattern, followed by highlighting the
promising locations for further exploration. The study was initiated by reducing the available total intensity
aeromagnetic map to the north magnetic pole (RTP). Different interpretational techniques were applied
on both magnetic and gravity data; including regional - residual separation using the nine points method
and the Fast Fourier Transform (FFT) procedure, followed by the depth determination along some selected
magnetic and gravity profiles using three spectral analysis methods. In addition, 2½ -D modeling along
three magnetic profiles, to define precisely the basement tectonics of the area under study. As a result of
the current investigation, a regional structural map of the basement rocks was constructed. This map
reveals that, the study area is affected by different tectonic forces, resulted in sets of faults with different
trends and magnitudes. These faults dissected the basement rocks into tilted faulted blocks of different
shapes, compositions, and depths. In addition, this map exhibits two major basins, northern and central
Sinai basins, separated by North Sinai ridge. This study also, reveals that, the depth to the basement
surface ranges from 2.3 to more than 4.0 km, delineating promising deep sedimentary basins. Modeling
results indicated that, the susceptibility contrasts of the magnetic anomaly causative sources range between
0.00001 and 0.0071 c.g.s units, indicating a lateral variation in the petrographic composition within the
crystalline basement rocks throughout the study area.
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INTRODUCTION

The investigated area (Fig. 1) constitutes the
northwestern part of Sinai Peninsula, between latitudes
30o 00\ & 31o 10\ and longitudes 32o 30\ & 33o 45\,
covering a total surface area of about 15500 km2. The
area is of great economic interest since it contains coal
at Gabal El Moghara, some oil prospects and ground
water potentialities.

The main objectives of this study are summarized
as follows; 1- delineating the regional subsurface
structural framework of the basement rocks as well as
the overlying sedimentary succession, 2- determining
the locations, aerial extensions, depths and trends of
the existing sedimentary basins present and favoring to
the hydrocarbon accumulations.

This study was mainly based on the Total Intensity
Aeromagnetic and Bouguer Gravity maps; that were
compiled by the Egyptian Geological Survey and
Mining Authority[1] with scale of 1:500,000 and contour
interval of 5 nT and 1.0 mGal, for the aeromagnetic
and gravity maps respectively. The magnetic and

gravity data were digitized in a regular grid space of
one kilometer interval (x=120 km & y=131 km). To
achieve these goals, the magnetic and gravity data were
subjected to both qualitative and quantitative
interpretation. The qualitative interpretation describes
the different magnetic and gravity anomalies and
gradients in relation to the probable subsurface geologic
conditions. While the quantitative interpretation
concerned with some geophysical processing and
interpretational techniques including:
1. Reducing the total field magnetic data to the north

magnetic pole.
2. Isolating the magnetic data into their near-surface,

residual, and deep-seated regional components
using, the nine points and Fast Fourier
Transformation (FFT) techniques.

3. Depth estimation for 21 magnetic anomalies and
15 gravity anomalies using three spectral analysis
techniques[2,3,4].

4. 2.5-Dimensional magnetic forward modeling along
three selected RTP magnetic profiles.
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Fig. 1: Location Map of the Study Area.

The obtained results from the previously mentioned
interpretation techniques were integrated with the
available geological and geophysical information, and
an interpreted basement structural map for the study
area was constructed.

MATERIALS AND METHODS

Geologic Setting: Geologically, the distribution of the
different rock types exposed in the inspected area is
shown on the geological map (Fig. 2), which was
compiled by the Egyptian Geological Survey and
Mining Authority[5]. This map reveals that, the surface
rocks together with the loose sediments are belonging
to the Jurassic, Cretaceous, Paleocene. Eocene and
Quaternary ages.

Stratigraphically, Sinai region as well as other
several basins in Egypt received numerous marine
transgressions which mainly came from the north and
northwest [6]. The most widespread events were during
the Cretaceous and Eocene ages (e.g. as existed in
Central Sinai and south yalleg basins) which advanced
up onto the shield overlapping the Jurassic (e.g., North

Maghara, East Maghara, North Falling and Rafah
basins), the Triassic and the Carboniferous rock units.
During the post-Eocene time, Sinai Peninsula received
other marine inclusions, but these were limited to the
Mediterranean littoral and the western offshore areas.
Geomorphologically, North Sinai constitutes a distinct
unit characterized by a number of NE trending
elliptical ridges such as Gabal Maghara, Gabal Yelleg
and Gabal Halal with elongated depressions in between.
Besides, several smaller ridges exist such as Gabal
Minsherah, Gabal Libni, Gabal Rizan Aneiza, Gabal
Hamra, Gabal El-Bruk and others. The structural setting
of such ridges was studied by many authors [7,8,9,10].

Structurally, north Sinai is characterized by the
presence of alternating faulted Mesozoic domes,
anticlines and synclines known in the literature as the
Syrian Arc fold system, forming a contrasting
topography of low alluvial plains and high bill masses
[11].

The oldest structural trends in north Sinai is a
regional mega shear trend known as the Pelusium line.
It is postulated to be the boundary between the
continental   and   oceanic   crust[12,13].  The  eastern 
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Qd Quaternary Te Eocene Tp Paleocene Ku U. Cretaceous Km Cenomanian

Fig. 2: Geological map of the study area (after Geological Survey of Egypt, 1981)

extension of the Pelusium line cuts across the
continental shelf of north Sinai before bending
northwards, forming a series of NNE to SSW striking
faults, that follow the continental slope of Palestine. In
addition, Meshref[14] subdivided Sinai into different
tectonic blocks. The most northern blocks south of
Pelusium line is divided into two sub-blocks by
Mesozoic hinge line. The northern sub-block is mainly
characterized by thrusting and folding, while the
southern sub-block, seems to be affected by tensional
forces at least from the Oligo - Miocene time till
present and is characterized by normal faulting of NW
trend in the Neighborhood of the Gulf of Suez rift and
NNE trend nearby the Gulf of Aqaba (Fig. 3). Meshref
and Hammouda[15] in their study on the basement
tectonic map of northern Egypt, they concluded that,
the Sinai basin which is believed to be once continuous
till the early Cretaceous time, is believed to be divided
into north Sinai sub-basin and central Sinai sub-basin
by the north Sinai ridge of late Cretaceous time.

Abdine and Abdel-Aal[16] defined six sedimentary
basins within Sinai Peninsula. The study area comprises
three basins which are; N. Maghara, N. Fallig basins of
Jurassic age and S. Yelleg basin of Cretaceous-Eocene
age.
 

Description of Potential Data: The study of magnetic
data was initiated by reducing the total intensity
aeromagnetic map (Fig. 4) to the north magnetic pole
to overcome the distortion of the magnetic anomaly
which depends on the magnetic latitude of the survey
area and on the dip angle of the magnetization vector
in the body. As a result; all anomalies in the resultant
RTP magnetic map will be almost located directly
above their sources. This will simplify the qualitative
and quantitative interpretation procedures, and gives
easier comparison with other geophysical data. The
reduction to the pole technique was applied on the total
field magnetic data using the program enclosed within
Geosoft Package software[17] on the bases of Baranov[18]

and Baranov and Naudy [19] algorithm, using magnetic
inclination 43.48o N, and magnetic declination angle of
about 1.20o E, and total magnetic field of about 42100
Gamma. 

The RTP magnetic map (Fig. 5) demonstrated that,
the magnetic field is characterized by a wide range of
magnetic values (from - 125 to 160 Gammas). This
map exhibits an alternating group of positive and
negative magnetic anomalies of varying amplitudes,
trends, shapes and frequencies, reflecting different
sources of variable compositions, depths and trends. 
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Fig. 3: Structural domain map of sinai (Meshref. 1989).

Fig. 4: Total intensity aeromagnetic Map
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Fig. 5: Reduced to Pole Magnetic Map, showing the locations of depth profiles and 2.5- D magnetic modeled
profiles

Moreover, this map shows that, the southwestern
part is occupied by a large positive anomaly with an
amplitude of about 152 Gamma and trending northeast 
representing the largest and highest amplitude anomaly
in the area with intermediate to basic composition. 

Another positive anomaly is located to the east of
the intersection of latitude 30o 30' and longitude 33o

00', with northwest trend and amplitude of about 29
Gammas. In addition, the northeastern part of the map
is occupied by northwest- trending positive anomaly
with amplitude of about 70 Gammas. on the other side,
a large negative anomaly of northwest trend and -120
Gamma amplitude is located at the southern part of the
area, between latitude 30o 00' and 31o 00' N. Moreover,
the northwestern part is occupied by negative belt
composed of three anomalies of amplitudes ranging
from -15 to -100 Gamma and trending N-S, NNE and
NW. The previously positive and negative magnetic
anomalies are essentially, due to the integrated effect
of both lithological variations within the basement
rocks, and the structural variations within the basement
surface. Generally, the magnetic map reveals several
sets of magnetic trends including the NE, ENE, NW
and N-S to NW directions. These trends are believed
to be the main tectonic trends affecting and controlling
the basement rocks as well as the overlying
sedimentary succession. 

On the other hand, the Bouguer gravity map (Fig.

6) exhibits a general increase in the gravity field from
the south, southeast and southwest to north, where the
gravity values increases from about -32 (at the
southwestern part) to about 14 mGals at the northern
part (south of latitude 31o 00'). The gravity map shows
three major gravity zones. The first one is an
elongated, high amplitude positive gravity zone,
occupied the northern half of the area, extending NE to
ENE with an amplitude of about 14 mGal. This
positive gravity zone is mostly associated with an
anticlinal uplift of high density rocks and/or shallow-
seated basement surface. The second one is a large
negative gravity zone occupied the south and
southeastern parts of the area trending NW and NE
with amplitudes ranging between -14 and -32 mGal. 

The third gravity zone is located at the
northwestern part of the area, with NW trend, and
amplitude ranges from -1 to more than 10 mGal. Those
two large negative gravity zones in the southeastern
and northwestern parts of the area delineate and define
two down-faulted basin-like structures; named the
northern and southern Sinai Basins. Moreover, the map
shows a set of high gradient linear anomalies trending
NE-SW, NW-SE and E-W, and located at the south,
southwestern and northeastern parts, respectively. These
anomalies may represent faults separating the rocky
blocks, which may be associated with the Syrian Arc,
Gulf of Suez and Mediterranean fault systems.
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Fig. 6: Bouguer gravity map, showing the locations of the depth profiles.

RESULTS AND DISCUSSION

I- Regional-Residual Separation: This technique is
used to isolate the residual anomalies that resulted due
to shallow sources, from those of deep-seated, non-
commercial and regional sources. The residual
anomalies are superimposed on the regional pattern as
small closures and noses in the contours of the total
field maps. Thus residual anomalies are of primary
importance in reflecting the structures that may be
present on the basement surface and/or shallow sources
within the sedimentary cover. These local structures
have an indication for hydrocarbon reservoirs or
mineral resources.

In the present study, two analytical methods were
used to isolate the residual anomalies from the regional
ones as follow:

Nine – Points Method: The 9-points technique[20], was
used for separation with grid operators of radii 2, 3, 4
and 5 km on both the RTP magnetic and gravity maps. 

The regional and residual magnetic and gravity
maps (Figs. 7 - 10 ) with radii 4 km were represented
because they are considered as the best illustrations of
the area, since they showed the most expressive
magnetic and gravity anomalies.

Fast Fourier Transform Separation: This filter is
based on a cut-off frequency that passes or rejects a
certain frequency values and passes or rejects a definite
frequency band. This technique was applied on both
reduced-to-pole (RTP) magnetic and gravity data using
Geosoft package[17] to separate the deep regional and
shallow residual components of magnetic and gravity
data. A typical energy power spectrum for the study
area is shown in Figs. (11A & B). Every energy
spectrum curve shows two linear segments related to
regional and residual components (Fig. 11A) for
magnetic data and (Fig. 11B) for gravity data
respectively. Moreover, two frequency bands, for both
magnetic and gravity data were used through the band
pass filter technique to produce the regional (low-pass)
and residual (high-pass) component magnetic and
gravity maps (Figs. 12 - 15).

The regional magnetic maps (Figs.7 and 12) show
the same trend patterns exit in the RTP map (Fig. 5). 

They comprise the same oriented anomalous
features but with lesser magnitude and higher
smoothness. They reveal a series of long wavelength
and low frequency magnetic anomalies of different
shapes, trends and magnitudes which may give an idea
about the composition and structure of the deep
causative sources. The regional magnetic maps bring 
out   the  major  trends  affecting  he  deep   seated 
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Fig. 7: Regional magnetic map, using nine points technique, (E= 4Km.)

Fig. 8: Regional gravity map, using nine points technique, (E= 4Km.)
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Fig. 9: Residual magnetic map, using nine points technique, (E= 4Km.)

Fig. 10: Residual gravity map, using nine points technique, (E= 4Km.)
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Fig. (11A,B): Radially averged power spectrum of (A) Magnetic and (B) Gravity.
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Fig. 12: Low Pass Magnetic Map (cut off Frequency = 0.03 cycle/km.)

Fig. 13: Low pass Gravity Map (cut off Frequency = 0.04 Cycle/Km.)
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Fig. 14: High pass Magnetic Map (cutoff Frequency = 0.03 - 0.16 cycle/km.)

Fig. 15: High pass Gravity Map (cutoff Frequency = 0.04 - 0.18 cycle/km.)
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structures. These maps are dominated by two main
intersecting sets of NE to ENE and NW-SE trending
faults. Other complementary trends such as NNE and
E-W are of subordinate order.

The residual magnetic maps (Figs. 9 and 14) show
numerous positive and negative closed and linear
magnetic anomalies of relatively high frequencies, short
wavelengths, small size, weak intensity and sharp
amplitude, attributed to the occurrence of shallow
basement sources. The residual anomalies may reflect
the basement swells and troughs and accompanying
sedimentary ridges and basins. Several trend patterns
for the near-surface structures are prevailed in the study
area, including the NE, ENE, NW, E-W, NNE and
NNW directions.

Close inspection of the regional gravity maps
(Figs. 8 and 13) show comparable configuration and
similar distribution for the main constituents exit in the
Bouguer gravity map (Fig. 6). The maps comprise two
zones of broad and smooth anomalies of different
forms, orientations and extensions. The first one is a
negative gravity zone occupied the eastern and western
parts of the map, with an amplitude ranges between -5
and -31 mGal, and oriented in ENE, NW and NNW
directions. This zone may associate with a deep
sedimentary basin, downfaulted blocks and/or synclinal
structures.

The second zone lies in the upper part of the map
area, north of latitude 30o 30'N, including the major
NE to ENE positive anomaly of high amplitude (12
mGal), and steep gradient. This strong positive value
indicates that the depth to the basement rocks is
shallower than the surrounding features and is
associated with ridges or anticlinal structures of higher
density. The prominent steep gradients between the
positive and negative zones may suggest the existence
of major basement fault lines.

On the other side, the residual gravity maps (Figs.
10 and 15) reveal alternating groups of positive and
negative gravity anomalies with local zones, high
frequencies, small amplitudes, and different trends. The
residual gravity anomaly values range from -0.1 to 2.0
mGal. The structural features of these maps, illustrate
different gravity trends cut across the area in NE, ENE,
NW, NNW and E-W directions. In addition, the
separation zones between low and high anomalies
reflect deformation lines along gradient trends.

Ii- Depth Estimation: The depth to the causative
geological bodies is one of the most important
parameters that can be determined from magnetic and
gravity maps in order to help in interpreting effectively
the geology, structures and relief of the basement
surface, either exposed or buried.

The depth to the basement surface in the study
area was calculated by applying three spectral analysis
techniques of varying basis[2,3,4]. These methods were
applied on 21 RTP magnetic profiles (Fig. 5), and 15
gravity profiles (Fig. 6), perpendicular to the strike of
the magnetic and gravity anomalies. The results of the
calculated depth of the magnetic and gravity profiles
were summarized in Tables (1 and 2), respectively. Fig.
(16), illustrates an example for the spectral analysis
calculations along magnetic profile No. 16, and gravity
profile No. 9 using the mentioned three spectral
analysis methods. Moreover, the depth estimation
results are considered during the construction of the
basement relief map of the area.

III- Magnetic Modeling: This technique was applied
on the RTP magnetic map along three selected profiles
(AA' to CC', Fig. 5), to quantify the basement
parameters; depth, shape, composition, attitude, dip and
magnetic susceptibilities. The three magnetic profiles
were modeled using GM.SYS program[21], based on the
2-D algorithm presented by Talwani et al.[22] and
Talwani and Hertizler[23] to calculate the theoretical
anomalies over the 2.5-D bodies. This is achieved by
modifying some parameters such as depth, width, shape
and magnetic susceptibility of these bodies. The
iterations were repeated many times to obtain the best
fitting between the observed and computed curves. The
modeled profiles are almost parallel and extending in
N-S direction with 130 km in length below; is a brief
discussion over the three models:

Profile A-A': The profile A-A' (Fig. 17) cuts across
the western part of the study area and passes through
the strongest magnetic anomaly zone in the area at its
western part. This anomaly is defined clearly in the
observed magnetic profile in the upper part of this
model. This profile was modeled using nine polygons
representing nine basement blocks with different depths
as well as varying susceptibilities dipping towards the
north and south. The magnetic susceptibility along this
profile ranges from 0.0031 cgs-unit at polygons (P8
and P9) to 0.0071 cgs units at polygon (P3), reflecting
variations in the composition of the basement rocks
along this profile. The basement surface is
characterized by uplifted and downfaulted blocks
forming several horsts and grabens, with depth ranges
between 1.9 km at the top of polygon (P3) to 3.5 km
at the center of polygon (P8). 

Profile B-B': The profile B-B' (Fig. 18) runs through
the middle part of the mapped area, and was modeled
using 16 polygons representing 16 basement blocks of
different configuration, depth and composition. This
profile shows an excellent fit between the observed and 
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Fig. 16: Examples of depth estimations along the magnetic (M16) and gravity (G9) profiles using: (A): Spector
and Grant, 1970 (B): Treitle et al., 1971 (C): Sadek et al., 1984-

Table 1: Depth to basement as deduced from 21 magnetic anomalies.
Serial No. Spector & Grant 1970 Treitle et al, 1971 Sadek et al, 1984 Average depth
1 1.90 2.26 1.47 1.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 5.70 3.1 2.57 3.79
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 3.35 2.39 2.75 2.83
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 5.25 3.01 2.77 3.67
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 3.11 3.12 1.79 2.67
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 2.20 2.76 2.54 2.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 3.36 2.94 2.66 2.65
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 2.50 2.6 2.52 2.50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 3.58 3.2 3.11 3.30
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 3.36 2.91 2.87 3.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 5.41 3.2 3.12 3.91
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 2.40 2.19 2.55 2.38
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 2.23 2.41 1.84 2.16
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1: Continue
14 2.99 2.9 3.46 3.12
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 4.00 3.83 2.72 3.52
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
16 2.56 2.61 2.57 2.58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
17 2.88 2.45 2.52 2.62
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18 3.82 3.88 2.23 3.64
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
19 4.21 3.14 2.87 3.41
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 3.31 3.38 2.93 3.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 2.64 2.8 1.84 2.43

Table 2: Depth to basement as deduced from 15 gravity anomalies.
Serial No. Spector & Grant 1970 Treitle et al, 1971 Sadek et al, 1984 Average depth

(Km)
1 4.47 3.1 3.3 4.29
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 3.65 4.96 2.14 3.58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 4.05 3.10 3.25 3.46
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 4.8 3.40 2.93 3.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 2.6 3.73 2.27 2.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 3.4 3.47 2.25 3.04
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 2.4 3.61 2.04 2.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 2.6 3.2 2.25 2.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 2.9 2.37 2.28 2.51
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 3.9 3.14 2.91 3.32
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 3.22 4.00 2.08 3.10
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 3.62 3.7 2.45 3.26
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 4.15 3.46 2.13 3.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 3.42 3.29 2.33 3.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 4.01 3.03 2.86 3.30

calculated curves. This fitting confirms the proposed
subsurface structures in the lower part. The profile
reveals two basinal areas in the north and south,
separated by an uplifted ridge in between. The
magnetic susceptibility along this profile ranges from
0.0001 to 0.0068 cgs units. Maximum depth to the
basement surface (4.1 km) is recorded over the most
down dip of the down faulted graben (P5), while the
minimum depth (2.0 km) lies at the most up-dip of the
horst block (P11). Moreover, the modeled basement
configuration along this profile shows two regional dip
regimes, the steeper to the south and the gentler to the
north.

Profile C-C': This profile (Fig. 19) extends through
the eastern part of the area, east of longitude 33o 30'.
An excellent fit was obtained between the observed
and calculated anomalies by assuming 19 polygons,
representing 19 basement blocks extending along this
profile with different altitude, susceptibility and depth. 

This profile shows in its upper half; an alternating
positive and negative magnetic anomalies, associated
with anticlinal (uplifted horsts) and synclinal
(downfaulted blocks) structures, respectively.

The depth to the basement surface along this
profile ranges between 2.1km on the top of polygon
(P25),  to  over 3.9 km on the centre of the subsided
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Fig. 17: 2.5-D magnetic model along profile A-A'

Fig. 18: 2.5-D magnetic model along profile B-B'

block (P5). Moreover, the basement blocks show a
wide range of magnetic susceptibility (0.0001 to
0.0066) cgs unit) reflecting variation in the composition
of the basement blocks represented by these polygons. 

In addition, the regional dip of the different
basement blocks along this profile is towards the north
and south directions.
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Fig. 19: 2.5-D magnetic model along profile C-C'

IV- Basement depth map: The depth basement
contour map (Fig. 20) of the study area was
constructed from the integrated results obtained by
spectral analysis depth estimation and 2½-D modeling
techniques, aided by the available geological and
geophysical information. This map reveals that, the
depth to the basement surface (thickness of sedimentary
cover) is generally varying between 2.3 and 4.4 km. It
shows that the maximum thickening of the sedimentary
cover is encountered at the northern (3.5-4.4 km) and
southern (3-3.5 km) reflecting down faulted blocks or
basin-like areas. Meanwhile, minimum depth (2.3-3.0
km.) is exhibited at the central part, reflecting an
uplifted basement ridge or horst structures in ENE
direction. 

V- Basement tectonic map: The results of qualitative
and quantitative interpretation mentioned earlier were
integrated with other geological and geophysical
information to construct a basement tectonic map (Fig.
21) for the study area. This map shows several
significant features which could be summarized as
follows:

Sets of faults with different trends and magnitudes
affected the basement rocks of the study area. The
WNW and ENE tectonic trends represent the strongest
and most prevailing trends of regional features with
first order magnitude. Another set of residual or
rejuvenated second order fault system of NW, NE,

NNW and E-W directions affected the area to a lesser
extent.

The WNW trend is considered to be the oldest
fault system in the study area since it is dissected and
displaced by the ENE younger fault system .The WNW
and ENE trends are, in turn, dissected by other
younger trends of NE, NW, NNW and E-W directions
associated with horizontal as well as vertical
displacements. This was confirmed by Meshref[24]

which concluded that the northern part of Egypt,
including the investigated area, seems to be affected by
three tectonic events. The oldest (most probably of
Paleozoic to Triassic in age) resulted in NW or WNW
trending structures which were followed by another
event (mainly of Cretaceous age) that resulted in the
ENE (Syrian Arc) trending structures. The third
tectonic event (most probably of Late Eocene to Early
Oligocene in age, resulted in the E-W, NW and NNE
trending structures.

The previously different tectonic trends dissected
the basement rocks of the area into several alternating
tilted fault blocks of anticinal uplifts and synclinal
troughs of varying depths , directions, lengths and
composition.

The area reveals two basins, the northern and
central Sinai basins separated by the north Sinai ridge. 

The north Sinai basin occupied the northern and
northwestern parts of the area, with NE to ENE
direction.  The  depth  to the basement surface in this 
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Fig. 20: Depth contour map of the study area

Fig. 21: Interpreted basement tectonic map of the northwestern part of Sinai area
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basin ranges between 3.0 km in the south and increases
to more than 4.0 km towards the north. Meanwhile, the
central basin cuts across the central part of the
southern half of the study area, in WNW direction, and
bounded from the east and west by two uplifted
basement blocks in the same direction. The thickness
of the sedimentary section within this basin ranges
between 3.0 and 3.5 km. On the other side, the north
Sinai ridge represents an uplifted basement structure of
ENE trend, with depth to its surface varies from 2.3 to
3.0 km. Another local basin lies to the northeast of the
intersection of latitude 30o 00' N and longitude 33o

30'E, with a WNW direction and about 3.0 km in
depth.

It is to be noted that, the basins are characterized
by large areal extent, low frequency and negative
regional magnetic and gravity anomalies, reflecting
thick sedimentary section overlying the granitic
basement rocks. Meanwhile, the uplifted basement
blocks are generally associated with a series of positive
magnetic and gravity anomalies with different shapes
and magnitudes. 

Conclusions: The main conclusions derived from the
present study could be summarized as follows:

The area is affected by seven tectonic trends
arranged in a decreasing order of magnitude as follows;
WNW, NW, ENE, NE, NNW, E-W and NNE trends..

The depth to basement surface differs from 2.3 to
4.4 km indicating that the study area represents
favorable sedimentary basins for accumulation of the
oil and natural gas.

The magnetic susceptibility of the basement rocks
varies from 0.0001 to 0.0071 c.g.s unit, indicating a
lateral variation in the petrographic The area is
composed of graben-like downfaulted basement blocks
of more depth and low susceptibilities alternating with
horst-like uplifted basement blocks of shallower depth
and higher susceptibilities. These horst-like and graben-
like structures are separated by major faulted of
variable trends. 

The general dip of the different basement blocks
along the modeled profiles is gently towards the north
and south.

The combination between magnetic and gravity
interpretation helped greatly in delineating the regional
subsurface structures in the area. integration

The depths to the surface of the basement uplifts
are variable and ranges between 2.3 and 3.0 km.
Meanwhile, the downfaulted structures show deeper
basement surface, which range in depth between 3.0
and more than 4.0 km.

Two large basinal areas occupied the northern half
and the central part of the southern sector of the area,
separated by ENE trending uplifted structure which is

entitled north Sinai ridge.
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