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Abstract: The potential field data ( Bouguer gravity and total intensity aeromagnetic maps) carried out
in the South-Sitra area had been analyzed and integrated with other Geophysical and geological studies
to extract information about the regional subsurface structural and tectonic framework of the burried
basement rocks, as well as locating promising sites that probably favoring for the hydrocarbon
accumulations. The execution of this study was initiated by transformation of the total intensity
aeromagnetic data to the Reduced to Pole (RTP) magnetic map. This followed by applying several
transformation techniques and various filtering processes through qualitative and quantitative analyses on
both gravity and magnetic data. These techniques include: qualitative interpretation of gravity, total
magnetic intensity and RTP magnetic maps. Regional-residual separation was carried out using four
methods are:  nine-points, least-squares polynomial fitting, second vertical derivative and analytical signal
analysis technique. Surface and subsurface statistical trend analysis was applied on both the surface
lineaments of Landsat images to identify the surface structural features, and on gravity and magnetic maps
to define the major subsurface tectonic trends of the buried basement rocks.  In addition, depths to the
basement rocks were estimated by using three empirical methods. The results of qualitative and
quantitative techniques mentioned earlier were integrated together with other geological information to
construct a tectonic basement map for the study area. This map is mainly composed of folded basement
rocks of alternated synclinal and anticlinal structures cut across the study area in NNW- SSW and ENE-
WSW directions. It shows that the Abu Gharadig Basin was divided into two sub-basins; North-Abu
Gharadig Basin and South-Abu Gharadig Basin separated by Apollonia-Kattania high. Also, the older
NNW-SSE trending structures (folding and faulting) seem to be intersected by a younger set of E-W to
ENE trending faults, resulted in large vertical as well as horizontal displacements that complicate the
subsurface situations. The average depth to the basement rocks in the northern basin ranges between 4
and 5.5 km. meanwhile, the average calculated depth along South-Abu Gharadig Basin ranges from 3 km
to 4 km. The southwestern area is occupied by the NNW-SSE trending Faghur Basin of Paleozoic age,
with average depth up to 4.9 km. whereas, the depth to the northern anticlinal structure (Gib Afia High)
is about 3 km and is considered to be approximately the same depth for the anticlinal uplift in the
southeastern part (Cairo-Bahariya uplift). 
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INTRODUCTION

The study area ''South-Sitra block'' lies in the north
Western Desert of Egypt, and occupies the southern
half of the Qattara Depression. It is delineated by
Latitudes 28°00'-30°00'N and Longitudes 26°00'-
28°00'E (Fig. 1). The investigated area covers about
45000 km2 and represents 6.3% of the total area of the
Western Desert (680000 km2). The South-Sitra area as
a part of the Western Desert is characterized by
relatively thick sedimentary cover (from Cambrian to
Recent) and could be differentiated into a number of
basins of different trends and magnitudes. Previous

works show two main basinal areas; south Faghur
Basin and Abu Gharadig Basin. The stratigraphic
successions in these two basins are different. Faghur
Basin was receiving sediments since Early Paleozoic
whereas Abu Gharadig Basin was submerged during
Mesozoic time.

The present study utilizing the subsurface data and
surface geology aims to clarify the previously poorly
understood picture and investigates the relation between
the two data sets. This work is devoted to outline the
tectonic framework and the structural setup of the study
area, as well as locating promising sites for
hydrocarbon accumulations, since it is still felt that, the 
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hydrocarbon potential of this region is still not fully
realized. The subsurface study is mainly based on
interpretation essentially the Bouguer gravity and the
total intensity aeromagnetic maps of the same latitudes
and longitudes, with avaliable subsurface geologic
information derived from drilled wells in and around
the investigated area.

To fulfill this objective, several geophysical
methods and different transformation techniques were
applied on the potential field data (gravity and
magnetic maps) which had been subjected to the same
qualitative and quantitative techniques of interpretation.
Correlation between the results obtained from various
analytical techniques applied and all available geologic
information led to establish the tectonic map of the
study area. The map shows the main basins and
uplifted blocks allover the area and exhibits also the
main trends affecting the area. Moreover, the average
depth estimation results were compiled with other
results to construct tentative depth map for the study
area.

Geologic Setting: The surface geological map for the
investigated area (Fig. 2) has been prepared from the
LANDSAT satellite images[1]. The rocks and loose
sediments cropping out in the investigated area belong
to the Paleocene, Early Eocene, middle Eocene, Late
Eocene, Oligocene, Early Miocene, middle Miocene,
Late Miocene and Quaternary. All rocks are of
s e d i m e n t a r y  n a t u r e  a l t h o u g h  s i g n s  o f
volcanicity/hydrothermal activity are manifested
especially along fault lines. Geomorphologically, the
study area is a part of the northern Western Desert of
Egypt. It is essentially a plateau desert with vast
expanses of rocky ground and numerous extensive and
closed-in depressions[2]. The region exhibits a vast
peneplain, which is covered in many places by wind
blown sand, sand sheets and gravels.

The major physographic feature in the study area
is the Qattara Depression, which constitutes the
northern half of this area, extending in ENE-WSW
direction for about 300 km. It is bounded to the north
and west by wall-like escarpment, the top of, which
average in elevation 200 m above sea level The
Depression hewed to depth of 100 m blow sea level,
while lowest point is situated near its southeastern rim,
which reaches about 134 m blow sea level.
Structurally, it is well known that the northern Western
Desert lies within the unstable mobile belt of the
tectonic framework of the Egyptian territory[3]. It is
characterized by deep and rugged basement rocks, thick
sedimentary succession of highly-printed complex
structural effects represented by asymmetric linear
folding, faulting and diaprism resulted from
considerable and varying tectonic disturbances. These
structures were dealt by many workers[4,5,6,7,8,9,10] and

others; of variable working times, depths, trends and
types for delineating these features even on a regional
sense.

MATERIALS AND METHODS

Data of Study: The available potential field data of the
study area include both of:

1- Bouguer gravity anomaly map (Fig. 3) with
scale 1:100,000 and contour interval of 1 mGal. It had
been measured by General Petroleum Company [11] in
1986. The map was digitized in a regular grid space of
1 km interval (X=208 km & Y=216 km). Girding of
the gravity data was tight enough to capture the
anomaly details where the data was recorded at a close
spacing. 

2- High-sensitive total intensity aeromagnetic map
(Fig. 4) of Farafra concession and Abu Gharadig
concession had been surveyed and compiled by
Compagnie Generale de Geophysique of (CGG) for the
Egyptian General Petroleum Corporation [12] dated in
Nov-Dec., 1994, with scale of 1:250,000, contour
interval of 2 Gammas (nT), aircraft and altitude 610 m.
The mean inclination of the area ranges between 39°-
41°N, and the declination angle is about 0.25°E. The
map was digitized and numerically converted to equi-
space data in x-y planes of 1 km by 1 km window
over a grid.

Here is a brief description of Bouguer gravity and
total intensity aeromagnetic maps:

Description of Bouguer Gravity Map: The Bouguer
anomaly map (Fig. 3) reveals that the study area is
nearly characterized by extensive regional gravity low;
expressing a common thickening of the sedimentary
section conceals beneath it an intricate geologic
structure made up of swells and troughs. The gravity
field includes several anomalies of relatively high and
low amplitudes which are related to density
differentiation of the rocks forming the earths crust.
The anticlinal uplifts are mostly connected with gravity
maxima, whereas the major basin-like structures are
associated with large negative gravity contours of low
relief. Linear anomalies are commonly considered to be
associated with vertical faults [13].

Commonly, the Bouguer anomaly map is divided
into four zones (A, B, C & D) of different gravity
characters, in relation to the regional structural
deformations affecting the area or to variations in
composition of the basement. The anomalies recorded
in every zone distinctly reflect the intensity of
gravitization for the subtle hidden sources. Study of the
effective density in these zones makes it possible to
delineate major structural features such as faults and
folds where oil and mineral accumulations are likely to
be found.
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Fig. 1: Location map of the study area

Fig. 2: Surface gedogical mao of the study area (Lands at Sat ellite lmages, El Shazly et al., 1976)
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Fig. 3: Bouguer gravity map of the study area, (after G.P C, 1986)

ii) Description of Total Intensity Aeromagnetic Map:
The total intensity aeromagnetic map (Fig. 4) indicates
that the area is occupied by magnetic zones of varying
polarities and different trends. It shows general low
magnetic fields of different slopes and intensities
imposed by some high magnetic parts.  The difference
in the nature of the magnetic anomaly zones is
believed to be reflecting variations in the basement
composition and structures beneath different positions
of the study area. The magnetic anomalies and
gradients generally align themselves along east-west,
east-northeast and northwest directions. This fact
suggests that most structures in the area show an E-W,
ENE & NW trends. These tectonic trends are regarded
as a reflection of compressional and tensional stress
forces that take place through different geologic ages.

RESULTS AND DISCUSSION

Data Processing and Interpretation: To fulfill the
objectives of this study, several geophysical methods
and different transformation techniques were applied on
both gravity and magnetic data. These techniques
include the following:

I- Reduction to the North Magnetic Pole: Analysis of
the magnetic data started with reducting the total
intensity aeromagnetic map (Fig. 4), to the north
magnetic pole (i.e at I= 90 & D = 0) technique to

remove the inclination and declination effects of the
earth’s magnetic field from the data using [14] .As a
result, all anomalies in the resultant RTP magnetic map
will be almost located directly above the sources. The
RTP map (Fig. 5) in comparison with the total
intensity aeromagnetic map (Fig. 4), shows northward
shifting due to elimination of the inclination and
declination of the anomalies. It is distinguished by
steeper and larger positive magnetic fields than
negative ones. Hence, the RTP anomaly map amplifies
both the qualitative and quantitative interpretation and
gives easier comparison with geologic information and
better correlation with the geophysical data.

Qualitatively, the reduced to pole magnetic RTP
map (Fig. 5) demonstrates a number of magnetic zones
of varying intensity and different trends. The magnetic
field is characterized by a wide range of magnetic
values (from -210 to 555 gammas), and rapid changes
in density of contouring. The RTP map shows
alternating positive and negative anomalies of different
frequencies, magnitudes, extents and directions, which
reflect different sources, depths, compositions as well
as tectonic setting.

Several trials were done for zoning the magnetic
field and relate it to geology-structural units. The map
area could be zoned magnetically into four main
distinct zones (I, II, III & IV) of well-defined magnetic
characters. Every belted zone is distinguished by a
group of local anomalies of particular effect, more or
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less of alike magnetic character. Two of these
identified magnetic zones are represented mainly by
negative anomalies (I & III) while the other two zones
(II & IV) are positive ones. These high and low
magnetic zones are essentially due to integrated effect
of both lithological (intra-basement) variations within
the basement rocks and structural (supra-basement)
variations on the basement surface. Structurally, several
sets of different magnetic trends could be recognized in
the RTP map, including the NW, NNW, NE, ENE,
NNE, E-W & WNW directions. These magnetic trends
almost define a number of tectonic provinces of
different dip regimes. This complex structural pattern
serves in exploration purposes.

ii- Isolation of Gravity and Magnetic Anomalies:
Isolation of Bouguer gravity and RTP magnetic maps
(Figs. 3 & 5) into their regional and residual
components was carried out to enhance the structural
features that affected the study area. The separation
process was done using three techniques as follows:

i) Nine-points Method: This technique was proposed
by Nettleton[15] and applied on both the gravity and
magnetic maps at several levels of separation (from 1
to 6 km.). The results of the correlation coefficients (r)
between successive residual gravity and magnetic maps,
using [16], indicate that, the optimum  depth level for
separation in the study area is the fourth order of
gravity (Table 1 ), with higher correlation r45 =
0.99325, and the third order of magnetic (Table 2 ),
with higher correlation r34 = 0.99552.

The resultant maps (Figs. 6 to 9) illustrate the
separated regional and residual gravity and magnetic
components. These maps can be discussed as follows:
The regional gravity map (Fig. 6) comprises a group of
strong anomalies of different forms, orientations and
extensions. They show the long wavelength components
of the Bouguer anomaly map, usually attributed to
major density variations and considered to be deeper
than general exploration interest. The map shows broad
and smooth features which resolute the deep lithologic
and structural interferences. Commonly, the broad
negative anomalies of low relief are believed to be
associated with downfaulted blocks, basins and/or
synclinal structures. Meanwhile, the gravity maxima are
typically associated with ridges or anticlinal
structures.This map indicates that the ENE to E-W
trend patterns are the major preferred trends affected
the area and offer evidence for regional folding in this
direction. It also defines prominent linear patterns in,
NW & NNW directions that considered as a
characteristic of deep fault systems.

On the other side, the residual gravity map (Fig. 7)
reveals that, the regional gravity low was split into a

large number of small residuals. These residual
anomalies appear as local fluctuations of small sizes,
high frequencies, weak amplitudes and usually
superimposed on the regional pattern as small closures
and noses in the contours. They reveal new negative
anomalies that could be considered as new basins, and
exhibit other positive ones that considered as promising
sites. Almost, minima and maxima of the gravity
anomalies express the effect of synclinal zones or
basinal belts and anticlinal zones or ridge-like belts
respectively.

Close inspection of the regional magnetic anomaly
map (Fig. 8) shows that the vertical magnetic
components decrease in the eastern and the western
portions of the map. The magnetic properties in these
parts obviously reflect the acidic nature of the granitic
rocks that control the major synclinal features.
Alternatively, the northern and central parts exhibit two
broad zones of high magnetization that are clearly
expressed in the residual maps. They are almost
attributed to accumulation of basic mantle materials.
Interpretation of such zones of excessive magmatic
materials is corroborated by regional gravity data. In
addition, the anomaly trends seem to be affected by
different stresses, as determined from prominent
directions namely; the NW, NNW, NE, WNW, E-W &
ENE, their relative strength is closely related to
duration and magnitude of the affecting forces.

The residual or near-surface magnetic component
(Fig. 9) seems to be noisier than the original one since
it emphasis the high frequency anomalies of small size,
weak intensity and sharp amplitudes. The positive and
negative local anomalies which could propose fault
structures in the form of highlands and lowlands
respectively. The filtered maps show complicated
structures in certain parts, as a result of susceptibility
contrast or definitely due to highly magnetized
causative sources. Thinning of the sedimentary section
in these areas was confirmed by the gravitational data. 
The residual magnetic anomalies show four major
orientations in NNW-SSE, NW-SE, NNE-SSW & E-W
directions. The N-S, WNW & ENE-WSW trend
patterns are less abundant. Consequently, the stresses
affected on the near-surface constituents are somewhat
differ from the deep-seated ones.

Least- Squares Polynomial: Mathematically, this
technique is designed for separating the digitized
mapped data into two their regional and residual
components. The regional component is expressed as 2-
D surface polynomial orders, where first order is a
simple inclined plane, while other orders are curved
planes. The orders depend on the complexity of the
regional geological  heterogeneity.
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Fig. 4: Total intensity aeromagnetic map of the study area, (after E.G.P.C, 1994)

 II

   I

     III IV

Fig. 5: Reduced to pole (RTP) magnetic map of the study area, with the locations of depth estimatoin magnetic
profiles (Mp1 to Mp45)

621



J. Appl. Sci. Res., 6(6): 616-636, 2010

Fig. 6: Regional gravty amp using nine-points mathod at optimum level (depth= 4 km.)

Fig. 7: Residual gravty amp using nine-points mathod at optimum level (depth= 4 km.)
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Fig. 8: Regional magnetic map using nine-points method, at optimum level (depth=3 km.)

Fig. 9: Residual magnetic map using nine-points method, at optimum level (depth=3 km.)
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Table 1: Correlation coefficient results for nine-points residual gravity maps.
1st order 2nd order 3rd order 4th order 5th order 6th order

1st order 1
-------------------------------------
2nd order 0.9265 1
------------------------------------------------------------------
3rd order 0.8285 0.96874 1
-----------------------------------------------------------------------------------------------
4th order 0.7546 0.91860 0.98442 1
-------------------------------------------------------------------------------------------------------------------------
5th order 0.6956 0.86955 0.95409 0.99325 1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6th order 0.6472 0.82538 0.92057 0.96938 0.99023 1

Table 2: Correlation coefficient results for nine-points residual magnetic maps.
1st order 2nd order 3rd order 4th order 5th order 6th order

1st order 1
--------------------------------------
2nd order 0.9858 1
------------------------------------------------------------------
3rd order 0.9729 0.99522 1
----------------------------------------------------------------------------------------------
4th order 0.9545 0.98262 0.99552 1
-------------------------------------------------------------------------------------------------------------------------
5th order 0.9282 0.96101 0.98095 0.99497 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6th order 0.8967 0.93268 0.95856 0.98063 0.99509 1

In this study, five least-squares polynomial orders were calculated to obtain the regional and residual
components from the Bouguer gravity and RTP magnetic maps, using Gravmap program of [17]. The obtained
results of correlation coefficient factor (r) between successive residual gravity and magnetic anomalies of different
orders (Tables 3 & 4 ) indicated that, the residual gravity map (Fig. 10),  with higher correlation r34 = 0.9547
and the residual magnetic map (Fig. 11) with higher correlation r23 = 0.9570, represent the best fitted maps.

Fig. 10: Residual surface of the Bouguer anomaly map with the third order polynomial.
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Table 3: Correlation coefficient results for least-squares residual gravity maps.
1st order 2nd order 3rd order 4th order 5th order

1st order 1
-------------------------------------
2nd order 0.8380 1
------------------------------------------------------------------------
3rd order 0.5968 0.9183 1
--------------------------------------------------------------------------------------------------------
4th order 0.3962 0.7932 0.9547 1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5th order 0.3417 0.7486 0.9300 0.9421 1

Table 4: Correlation coefficient results for least-squares residual magnetic maps.
1st order 2nd order 3rd order 4th order 5th order

1st order 1
--------------------------------------
2nd order 0.7507 1
------------------------------------------------------------------------
3rd order 0.7769 0.9570 1
--------------------------------------------------------------------------------------------------------
4th order 0.8578 0.8301 0.8792 1
----------------------------------------------------------------------------------------------------------------------------------------
5th order 0.8536 0.7790 0.8360 0.9544 1

These two maps can be discussed as follows:
The residual map of the third-order polynomial

trend surface of the gravity data (Fig. 10) shows
alternating high and low gravity zones associated with
mass distribution of the subsurface bodies. The positive
belt is interpreted as ridges or horst structure whereas
the broad negative zones are almost associated with
basins. Moreover, the trend patterns indicate that the
structural grain is dominantly the ENE & E-W. The
NW & WNW tectonic trends are much prevailed along
the western and northern parts. This means that the
structural features of the near-surface components are
extremely affected by the regional ones.

On the other side, the residual magnetic map of
the second-order (Fig. 11), comprises a number of local
anomalies of different polarities, shapes, and amplitudes
that reveal varying depths and compositions. They
reflect a great difference in the susceptibility between
crystalline basement and overlying sedimentary rocks.
The map exhibits a number of peaks associated with
strong basic flows might have been injected from
mantel material. The map demonstrates many linear
structures of condensed contours which give useful
qualitative information about deformations separate the
magnetic units of different intensities.

Analytical Signal: The analytic signal method, known
also as the total gradient method, produces a particular
type of calculated gravity or magnetic anomaly-
enhancement map used for defining the edges
(boundaries) of density geologically anomalous density
or magnetization distributions. Mapped maxima (ridges
and peaks) in the calculated analytic signal of a gravity
or magnetic anomaly map locate the anomalous source
body edges and corners (e.g., basement fault block
boundaries, basement lithology contacts, fault/shear

zones, igneous and salt diapairs, etc.). Analytic signal
maxima have the useful property that they occur
directly over faults and contacts, regardless of structural
dip which may be present, and independent of the
direction of the induced and/or remnant body
magnetizations.

The function used in the analytical signal of the
gravity field, defined by [18].The analytical signal
analysis map was obtained from the gravity (magnetic)
anomaly maps using[14] software. The technique was
performed on either two dimensional (map) or one
dimensional (profiles). The main objectives of the
analytical signal process are to (1) locate boundaries of
density/or (susceptibility) contrast from gravity/or
magnetic data. (2) transform data so that anomaly
peaks centered over their sources. (3) determine depth-
to-source information particularly effective in the one-
dimensional case. (4) locate the edge of sources in
areas of low magnetic latitude (often used as an
alternative to reduction to the pole).

The analytical signal of Bouguer gravity map (Fig.
12) defines a number of high features especially in the
northern and eastern parts which are basically
associated with variations in stratigraphic thickness as
well as the lithologic changes within the basement
itself. The map defines a number of basins and detects
major fault locations in different trends. The anomaly
patterns on the analytical signal map reveal that the
area is dominated by NE to ENE anomalic zone, which
represent a particular gravity signal of Syrian Arc
system. It also distinguished by a strong gradient in
NW direction associated with changes in the basement
rocks. Locations and may be trends of maximum
density contrast are frequently linked with petrophysical
changes within the crystalline basement complex.
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In this Respect, the analytic signal of the total
magnetic field reduces magnetic data to anomalies
whose maxima mark the edges of magnetized bodies
and whose shape can be used to determine the depths
to the causative sources. Figure 13 exhibits some
anomalous features of various frequencies, shapes, sizes
and amplitudes that reveal different causative sources
as well as varying depths and compositions of the
perturbing bodies. It shows some peaks over locations
where the magnetic materials have been deposited.
These local highs are associated with alkaline basement
rocks or caused by susceptibility contrast. Moreover,
the boundaries along the magnetic anomalies became
definite enough to detect its size and depths of the
basement units. The basement complex in study area
was affected by different prominent tectonic trends
which interpreted from RTP map.

The correspondence between gravity/magnetic
analytical signal maps indicates that the basement
surface is characterized by several arching and sagging
in the form of ridges, uplifts and structural lows as
well as zones of dislocations. They explore a number
of peaks over areas where dense/ magmatic materials
have been deposited or injected. Thinning of the
sedimentary section in these areas could be confirmed
by the gravity data.

Second Vertical Derivative Technique: This technique
acts as a filter arises from the fact of the double
differentiation with respect to the depth in order to
emphasize the local-shallower anomalies on the
expense of the larger regional ones. The technique is
considered to be useful for defining the edges of the
bodies and amplifying the fault trends. This technique
was applied on Bouguer gravity and RTP magnetic
maps, using mathematical formula after [20], at various
radii from 1 to 5 km, space interval of 1 km, in order
to emphasize the anomalies caused by small features
on the original map. Tables (5 &6) show results of the
correlation coefficient between the SVD gravity and
magnetic maps at different inner circle radii (1,2,3,4 &
5) indicating that the optimum depth level for
separation is represented by radius 4 km for gravity
(Fig. 14 ), and 3km for magnetic (Fig. 15 ).

The SVD filtered gravity map (Fig. 14), seem to
be noisier than the original map, as a result to creation
of numerous numbers of closures and masking the
trend of major anomalies. The positive and negative
local anomalies show different forms and shapes
(closed, linear and isometric) that may reflect
inhomogeneities in the sedimentary cover. The positive
anomalies are probably associated with uplifted blocks
or platforms while the negative closed ones are
believed to be associated with down faulted blocks or
synclines. Major faults (zero lines) separate different
subsurface block units. The structural pattern shows

two main intersected trends within the Syrian Arc fold
structures, these are; the NW-SE & NE-SW trending
anomalies. Besides, it shows other two sets of
subordinate order includes; the WNW & N-S trends.

The SVD RTP magnetic map (Fig. 15) includes
anomalies with different frequencies. Low frequency
anomalies are associated with deep basinal areas while,
high frequency anomalies may signify locations of
shallow basement rocks.

Qualitatively, this magnetic map shows many small
spot-like forms, where large-scale anomalies are
divided into small fragments either positive or negative
with noticeable condensed contours directly over the
anomalous masses. They demonstrate rapid changes in
composition (magnetic susceptibility) of the basement
rocks. Strong positive anomalies are probably
associated with basic rock types and/or uplifted
basement blocks. The structural pattern of this map
reveals that, the western portion is characterized by
extensive NW-SE and conjugate NE-SW trend patterns.
The northern and eastern parts are almost dominated by
the NE, ENE & E-W directions. The central portion
exhibits a conspicuous NNE & NNW fault trends with
horst and graben related structures. Most of these faults
are initiated along the pre-existing old faults.

Iii- Trend Analysis: The purpose of trend analysis is
to define the major tectonic trends and stresses
affecting the surface and deeply buried basement rocks
as well as the overlying sedimentary cover of the study
area throughout its geological times. Also, the trend
analysis can be used to check whether the tectonic
trends of the surface follow the subsurface  trends and
are controlled by them or not.

The present study comprises both of the surface
and subsurface statistical trend analysis. Surface trend
analysis depends upon the fractures pattern plotted on
Landsat Satellite Images (NASA Landsat investigation)
for the Qattara Depression area (Fig. 16), published by
Academy of Scientific Research and Technology[21].
Meanwhile, the subsurface trend analysis was carried
out on the gravity (Fig.3) and RTP magnetic (Fig.5)
maps. The trends of all gravity and magnetic
anomalies, as well as the predominant steep gradients
were marked and traced out from the analyzed maps.
The length of the fault traces were measured in the
units of the map’s scale and their direction around the
north (clockwise and anti-clockwise) were determined
in 10° spectrum. The total length of each trend within
10° around the north are summed up and calculated as
a percentage of the total length (L%) of the trends. 

The results of this analysis are shown as frequency
curves (Figs. 17, 18 & 19). The frequency curve of the
surface trend study (Fig. 17), reveals four main sets of
surface fractures including; NW, E–W, ENE & NNE
trending faults with a difference in the order of
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predominance. Meanwhile, the distribution of the
subsurface gravity and magnetic frequency curves
(Figs. 18 & 19) show seven tectonic trends that have
affected the Precambrian basement rocks and the
stratigraphic succession in the investigated area. These
trends are: NE, E-W, ENE, NNW, WNW, NW, N-S
and NNE.

The first four tectonic trends; NE, E-W, ENE and
NNW proved to be the strongest, oldest, and most
widely spread subsurface trends in the studied area,
reflecting the four major sets of regional faults of first-
order magnitude.  Meanwhile the other trends; WNW,
NW, N-S and NNE seem to be of local nature and less
dominant, reflecting the near-surface residual or
rejuvenated faults of second-order magnitude. The
relative strength of all these peaks could be regarded as
a reflection of the magnitude and frequency of
deformation that resulted from different stress forces
take place at different geologic times.

The obtained results indicate that there are some
differences in the arrangement of the effective trends
for both gravity and magnetic. These differences are
related to the fact that, the sedimentary cover assumed
as non-magnetic, and the magnetic measurements are
related mainly to the basement complex. They verify
that the study area was subjected to different tectonic
regimes that have a major effect on the hydrocarbon
accumulations. The previously seven tectonic trends are
familiar trends in the basement rocks of Egypt and its
origin was discussed by many authors[1,3,7,8,13,24,25,26,28,30].

Iv - Depth Estimation: The most universal application
of gravity and magnetic data has been to determine the
depth to the top of the geologic sources that produce
observed anomalies. For hydrocarbon exploration, this
is usually equivalent for determining the maximum
thickness of the sedimentary section or the location of
igneous intrusive in the section.

Fig. 11: Residual surface of the RTP magnetic map with the second polynomial.

Table 5: Correlation coefficient results for SVD gravity maps using Schwartz method (1974).                
S=1 km S=2 km S=3 km S=4 km S=5km

S=1 km 1
-------------------------------------
S=2 km 0.9370 1
------------------------------------------------------------------------
S=3 km 0.8563 0.9711 1
----------------------------------------------------------------------------------------------------------
S=4 km 0.7901 0.9219 0.9544 1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S=5 km 0.8536 0.7790 0.8360 0.9831 1
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Fig. 12: Analytical signal map of the gravity data

Fig. 13: Analytical signal map of the magnetic data.
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Fig. 14: Second vertical derivative of Bouguer gravity map at radius 4 km using Schwartz,s method, 1974.

Fig. 15: Second vertical derivative magnetic map at radius 3 km using Schwartz,s method, 1974.
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Fig. 16: Structural lineation map of the study area, El Shazly et al., 1976.

Fig. 17: Frequency distribution curve of the fault trends detected from Landsat Satallite images. RSC, 1976.

Fig. 18: Frequency distribution curve of Bouguer gravity tectonic trends. 
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Fig. 19: Frequency distribution curve of RTP manetic tectonic trends. 

Fig. 20: Tentative basement relief map as deduced from the depth values of the RTP magnetic map.

Depth estimation technique was applied on 45 RTP
magnetic anomaly profiles using three traditional depth
estimation methods [32,33,34].  The location of these
profiles are shown on the RTP aeromagnetic map
(Fig.5), covering almost all the study area. The selected
anomalies are characterized by closed contours allow
for placing the depth profile at the right position on the
anomaly.

The depth estimation results are presented in table
7 and figure 20, indicating that, the subsurface
basement relief has extreme fluctuation since it differs
from place to another. The average calculated depth to
the basement along this map ranges from 2.45 to 5.55
km. The highest depth values are estimated in the
north, northeastern and southwestern portions, where

the depth reaches 5.7 km east of Betty-1 well, 5.3 km
around Ain Hussain-1 well, 5.2 km south of Ghourabi-
1 well, and more than 4.9 km at Dessouky-1 well.
Meanwhile, the lowest depth to the basement was
calculated in the southern portion (2.6 km east of
Bahrein well), in the southwestern corner (2.7 km) and
in northwestern corner (2.8 km at north of Gibb Afia
-2 well). In addition, the estimated depth basement
values show good agreement with the tentative
basement relief map (fig. 21), interpreted by
Compagnie Generale de Geophysique - CGG, 1994 [12].
Moreover, these depth values were helped greatly in
constructing the basemet tectonic map of the study
area.
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V - Basement Tectonic Map: Basement tectonic map
(Fig. 22) is constructed through integrations of all
results obtained from previous analytical and
interpretation techniques on both gravity and magnetic
data. This map indicates that:

1- The study area, as a part of strongly deformed
geosynclinal area in the northern Western Desert, is
affected by different tectonic forces, resulted in two
sets of faults (NNW-SSE to NW-SE and E-W to ENE)
with different trends and magnitudes. They represent
the strongest and most prevailing trends of first order
magnitude. Other fault systems of second order
magnitude of WNW and NE directions affected the
area to a lesser extent.

2- The NNW to NW trending faults are considered
as the older fault system in the study area, since it is
dissected and displaced by  another younger or
rejuvenated set of transform faults, trend in E-W to
ENE direction. These faults divided the study area into
zones of different gravity and magnetic characters. In
addition, these transform faults are associated with
horizontal and/or vertical displacement. The horizontal
displacement can be traced by lateral displacement
shown on the older NW trending faults and through the
displacement of similar gravity and magnetic patterns
on both sides of the interpreted faults as well as abrupt
changes in gravity and magnetic features. Meanwhile,
the vertical displacement can be traced through the
different depth values along the fault line.

3- The basement surface of the study area is
highly dissected by the previously six different tectonic
trends into several alternating tilted fault blocks of
anticlinal uplifts and synclinal troughs of varying
depths, directions, lengths and composition. 

4- Two major basins cut across the study area
these are; Abu Gharadig and South Faghur basins.
These two basins are mainly bounded from the
northwestern and southeastern corners by two anticlinal
uplifts of late Cretaceous-Eocene age; these are Gibb
Afia-Alamein ridge and the western extension of Cairo-
Bahariya uplift respectively. These ridges are almost
associated with positive gravity and magnetic
anomalies.

5- Abu Gharadig Basin occupies the greatest part
of the investigated area. It represents a major
downfaulted feature cut across the area in an E-W to
ENE direction. This basin is intersected by a series of
northwest trending extensional faults break it into a
number of separate reservoir blocks. The Abu Gharadig
Basin is divided into two sub-basins; the northern and
southern by Apollonia-Kattaniya uplift. This was
confirmed by Meshref[9] and Meshref et al. [36]. The
axial plane of this anticlinal uplift is mapped along the
southern part of Qattara Depression, extending across
the Abu Gharadig Basin in an ENE direction which is

referred to Syrian Arc trend. It is noted that the
southern Abu Gharadig Basin is shallower than the
northern one. However the depth to the basement
surface underlying the southern basin varying between
3-3.5 km. while, the basement rocks underlying the
northern basin range between 4.2 and 5.6 km in depth.
6- Faghur Basin is considered as the main Paleozoic
Basin in northern Egypt. It is divided in the late
Cretaceous time by Gibb Afia ridge into two sub-
basins; N. Faghur and S. Faghur[38]. South Faghur
Basin is the only clearly defines and occupies the
southwestern part of the study area in NNW-SSE
direction. The thickness of the sedimentary section in
this basin reaches about 5 km at Dessouky-1 well.

7- The depths to the basement rocks of the
anticlinal uplifts are variable and ranges between 2.8
and 3.2km.  Meanwhile, the synclinal structures show
deeper basement surface which range in depth between
3.5 to more than 5.7 km. 

8- The anticlinal or uplifted structures are
associated with a series of positive gravity and
magnetic anomalies reflecting intermediate to basic
composition for their causative bodies present at
different depths. Meanwhile, the basins or synclinal
features are associated with negative gravity and
magnetic anomalies reflecting granitic basement rocks
underlying thick sedimentary cover.

9- Tectonically, the present work indicates that the
tectonic movements are not uniform allover the mapped
area. It indicates that the study area is affected by
different tectonic forces. The structure along the map
area consists mainly of alternating NNW to NW
trending folds (anticlines and synclines) and faults cut
by a number of major normal faults of ENE & E-W
trends. Accordingly it is believed that the area
represents two different events; the first and oldest one
is the Meridian system of East Africa, comprising the
Precambrian-Early Paleozoic first folding (trending
NNW-SSE). The second is the Syrian Arc system,
made-up during the middle to Late Mesozoic interval,
where the NE-SW to ENE-WSW trending folds and
faults had been formed. This may leads to the
conclusion that the tectonic phase responsible for the
formation of the NNW structural trend is older than
that responsible for formation of the structural pattern
having the ENE & E-W trends.

10-  Finally, since  the area lies to the east of
large oil fields in Libya (Kufra Basin) and to the west
of oil-bearing Abu Gharadig Basin in Egypt. Thus, it
will require a significance exploration effort to fully
unravel the structural configuration and evolution of the
virtually unexplored area. It is recommended to
condense the exploration activities in South-Siwa and
South-Sitra areas due to the encouraging evidence for
hydrocarbon occurrences in this nominated area.
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Table 6: Correlation coefficient results for SVD magnetic maps using Schwartz method (1953).
S=1 km S=2 km S=3 km S=4 km S=5km

S=1 km 1
----------------------------------------
S=2 km 0.996834 1
---------------------------------------------------------------------------
S=3 km 0.988787 0.996691 1
----------------------------------------------------------------------------------------------------------
S=4 km 0.974705 0.987614 0.996836 1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S=5 km 0.955221 0.972229 0.986725 0.996529 1

Table 7: Depth estimation results along RTP magnetic profiles using traditional methods.
Anomaly number (Fig.  5)                   Conventional Methods 

-----------------------------------------------------------------------------------------------------------------------------------------------
Piatinsky (1960) Powell (1966) Spector & Leaver  (1988) Average Depth (km)

Mp1 5.4 5.74 5.5 5.55
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp2 5.1 ….. 4.96 5.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp3 ….. 5.02 5.05 5.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp4 5.2 4.82 4.3 4.77
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp5 5.8 ….. 4.56 5.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp6 ….. 4.03 ….. 4.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp7 4.2 ….. ….. 4.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp8 3.61 4.13 3.755 3.83
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp9 ….. 5.2 5.15 5.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp10 2.5 ….. 3.705 3.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp11 ….. ….. 3.555 3.56
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp12 2.38 3.12 3.32 2.94
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp13 ….. 3.38 3.625 3.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp14 ….. 3.42 ….. 3.42
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp15 4.09 ….. 3.55 3.82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp16 3.85 ….. 3.6 3.73
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp17 4.82 4.59 4.5 4.64
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp18 ….. ….. 3.7 3.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp19 ….. ….. 3.525 3.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp20 4.45 ….. 4.25 4.35
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp21 ….. 4.1 3.7 3.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp22 3.7 3.48 3.61 3.60
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp23 3.15 2.73 ….. 2.94
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp24 ….. ….. 3.2 3.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp25 3.2 3.51 2.7 3.14
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp26 3.05 ….. 2.5 2.78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 7: Continue
Mp27 ….. 3.4 3 3.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp28 2.95 ….. 3.35 3.15
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp29 ….. v 2.38 2.52 2.45
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp30 3.25 ….. 3 3.13
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp31 ….. 3.08 2.9 2.99
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp32 4.51 ….. ….. 4.51
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp33 ….. 2.85 3 2.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp34 ….. ….. 4.57 4.57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp35 ….. ….. 3.05 3.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp36 ….. 4.08 3.55 3.82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp37 2.95 3.09 ….. 3.02
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp38 5.1 ….. 4.45 4.78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp39 ….. 4.17 3.8 3.99
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp40 2.85 ….. 2.8 2.83
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp41 ….. 3.1 ….. 3.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp42 ….. ….. 4.3 4.55
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp43 4.9 ….. ….. 4.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp44 v ….. 3.445 3.45
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mp45 3.03 ….. ….. 3.03

Fig. 21: Tentative basement relief map as in terpreted from the RTP aeromagne tic map (by CCG, 1994)
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Fig. 22: Interpreted tectonic map of the study area, as deduced from integrations of gravity and magnetic data
interpretation.

REFERENCES

1. El Shazly, E.M., M.A. Abdel Hady, M.A. El
Ghawaby S.M. Khawasik and M.M. El-hazly,
1976.  Regional interpretation of Landsat images
for the Qattara Depression area, Egypt. Remote
Sensing Center, Academy of Scientific Research
and Technology, Cairo, Egypt, pp: 24.

2. Said, R., 1990.  The Geology of Egypt. Balkema
Publ., Rotterdam Netherlands, pp: 734.

3. Said, R., 1962.  The Geology of Egypt. Elsevier
Publ. Co., Amsterdam. Oxford and New York, pp:
377.

4. El-Gezerry, M.N., M. Farid and M. Taher, 1975. 
Subsurface geological maps of northern Egypt.
Unpublished maps, G.P.C., Cairo.

5. El-Sirafe, A.M., 1978.  Study and interpretation of
geophysical data of the area west of the Nile
Valley between Cairo and El-Minya and extending
westward to Bahariya Oasis, Western Desert.
M.Sc. Thesis, Cairo Unvi. 

6. Abu El-Ata, A.S.A., 1988. The relation between
the local tectonics of Egypt and plate tectonics of
the surrounding regions, using geophysical data
and geological data. E.G.S. Proc. of the 6th Ann.
Meeting, Cairo, pp: 92-112.

7. Meshref, W.M. et al., 1980. Structural geophysical
interpretation of basement rocks of the
northwestern Desert of Egypt; Annual Geol.
Survey of Egypt, 10: 923-937.

8. Meshref, W.M., 1990.  Tectonic framework of
Egypt. (in Said, R. Edt). The Geology of Egypt.
A.A. Blkema, Rotterdame, Brookfeild, 19: 1013-
1026.

9. Meshref, W.M., 2002. Basement tectonic map of
Egypt. Cairo international petrol. Confer. and
Exhibition.

10. Hantar, G., 1990. The northern Western Desert,
Egypt. Published in ''the Geology of Egypt'' edited
by Rushdi Said, pp: 293-320. 

11. General Petr. Comp., (G.P.C.), 1986. Bouguer
gravity map of Egypt.

12. Egyptian General Petr. Corp. (E.G.P.C.), 1994. 
High sensitivity aero magnetic survey of Abu
Gharadig concession and Farafra concession, Projet
No. 115.

13. Riad, S., 1977. Shear zones in the north Egypt,
interpreted from gravity data. Geophysics, 42(6):
1207-1214.

14. Geosoft package, 1994. Geosoft mapping and
processing system. Johannesburg, pp: 17.

635



J. Appl. Sci. Res., 6(6): 616-636, 2010

15. Nettleton, L.L., 1976.  Gravity and magnetic in oil
exploration. Mc. Graw. Hill Publ. Co., New York,
pp: 464.

16. Abdelrahman, E.M. and H.M. El-Araby, 1988. 
Determination of optimum second   derivative
coefficient, set for various grid systems. E.G.S.
Proc. of the 6th Ann. Meeting, Cairo, pp: 44-53.

17. Cooper, G.R.J., 1997. GravMap and Pf Proc
software for filtering geophysical map data.
Computers and Geosciences, 23(1): 91-101.

18. Marson, I. and E.E. Klingele, 1993.  Advantages
of using the vertical gradient of gravity for 3-D
interpretation. Geophysics, 58: 1588-1595.

19. Geosoft package, 1994.  Geosoft mapping and
processing system. Johannesburg, pp: 17.

20. Schwartz, A., 1974.  Calculus and analytic
geometry. The 3rd edition, Holt, Rinehart, and
Winston, New York, pp: 1140.

21. El Shazly, E.M., M.A. Abdel Hady, M.A. El
Ghawaby, S.M. Khawasik and M.M. El-Shazly,
1976. Regional interpretation of Landsat images
for the Qattara Depression area, Egypt. Remote
Sensing Center, Academy of Scientific Research
and Technology, Cairo, Egypt, pp: 24.

22. Said, R., 1962.  The Geology of Egypt. Elsevier
Publ. Co., Amsterdam. Oxford and New York, pp:
377.

23. El Shazly, E.M., 1976. Structural development of
Egypt. U.A.R. Geol. Soci. Egypt Prog. and Abst.,
31-38.

24. Youssef, M.I., 1968. Structural pattern of Egypt
and its interrelation. American Assoc. of Petro.
Geologists (AAPG) Bull., 52(4): 601-614.

25. Abdel Gawad, M., 1969.  No evidence of
transcurrent movements in Red Sea area and
petroleum implications. American Assoc. of Petro.
Geologists Bull., 53(7): 1466-1479. 

26. Meshref, W.M. and M.M. El-Sheikh, 1973. 
Magnetic tectonic trend analysis in northern Egypt.
Egypt. Jour. Geol., 17(2): 179-184.

27. Riad, S., 1977.  Shear zones in the north Egypt,
interpreted from gravity data. Geophysics, 42(6):
1207-1214.

28. Meshref, W.M., E.M. Refai and S.H. Abdel-Baki,
1976. Structural interpretation of the Gulf of Suez
and its oil potentialities; EGPC 5th Exploration
Seminar.

29. Meshref, W.M. et al., 1980. Structural geophysical
interpretation of basement rocks of the
northwestern Desert of Egypt; Annual Geol.
Survey of Egypt, 10: 923-937.

30. Meshref, W.M., 1982.  Regional structural setting
of north Egypt.  E.G.P.C., the 6th Exploration and
Production Conf., Cairo, pp: 18.

31. Meshref, W.M., 1990. Tectonic framework of
Egypt. (in Said, R. Edt). The Geology of Egypt.
A.A. Blkema, Rotterdame, Brookfeild, 19: 1013-
1026.

32. Piatinsky, V.K., 1960. Determination of depth of
magnetic bodies. GHUUGGMG., 7.

33. Powell D.W., 1966. A rapid method of
determining dip or magnetization inclination from
magnetic anomalies due to dyke-like bodies.
Geophysical Prosp., 13: 197-202.

34. Spector, A. and A.J. Leaver, 1988.  Application of
Harm surveng to Cambrian exploration in the
Appalachian Basin. Canadian Jour. of Explo.
Geophysics, 34(1&2): 67-82.

35. Egyptian General Petr. Corp. (E.G.P.C.), 1994. 
High sensitivity aero magnetic survey of Abu
Gharadig concession and Farafra concession, Projet
No. 115.

36. Meshref, W.M., A. Beleity, H. Hammouda and M.
Kamel, 1988. Tectonic evaluation of Abu Gharadig
Basin. American Assoc. of Petro. Geologists,
Mediterranean basins Conf., Nice, France (AAPG)
Bull.

37. Meshref, W.M., 2002.  Basement tectonic map of
Egypt. Cairo international petrol. Confer. and
Exhibition.

38. Meshref, W.M. and H. Hammouda, 1990. 
Basement tectonic map of northern Egypt. 
E.G.P.C., the 10th Exploration and Production
Conf., Cairo, pp: 23.

636


