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Abstract:The present study wascarried out to delineate the location, extension, trend and depth of subsurface
structures of Alamein area. To achieve this aim, the gravity and aeromagnetic data have been subjected to
different analytical techniques. The Fast Fourier Transform technique was used to separatethe residual
components from the regional ones. The resulted maps showed that the area was affected mainly bytheENE, E-
W, WNWand NWtectonic trends. In addition, spectral analysis technique was applied on magnetic anomalies to
estimate the depth to basement surface, which varies from 3.03 in southern part to 7.24 Km in northern part.3D-
Eulerdeconvloution and tilt angle derivative techniques were carried out to detect the edges of magnetic sources
and to determine their depths.Correlation between them shows acoincidence between Euler solution and zero
lines of tilt angle map. A tentative basement structure map is constructed from the integration of these results
and geological information. This map shows alternative uplifted and downfaulted structure trending in the ENE,
NE and E-W directions. In addition, the NNW to NW strike-slip faults intersected them in later events. Finally,
2-D modeling technique was run on three gravity and magnetic profiles in the same location. Different drilled
wells and the constructed basement structure map support these modeled profiles. Theyshow an acidic basement
rocks. A general decreasing of Conrad discontinuity depths from about 20.5 km at southern part to 17.9 km at
northern part can be noticed. Moreover, the crustal thickness (depth to Moho discontinuity), varies between
31.5 and 28.5 km revealing visibly crustal stretching and thinning northerly.
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I. Introduction

The Western Desert covers a surface area of about 700.000 km? The study area lies in the northern
portion of the Western Desert between Latitudes 30°, 00' and 31°, 00', N and Longitudes 28°, 00" and 29°, 00' E.
It lies on the northern margin of the Western Desert and extends from the shoreline’s zone adjacent to the
northeastern margin of Qattara Depression. It covers a surface area of about 10450 km? (Fig.1).

The area is characterized by complex structures developed due to interaction of different tectonic
events. As the study area is a part of northern Western Desert, so many authors constructed structure maps to
delineate the subsurface basement structure. [1] illustrated the presence of basement mega structure in Western
Desert, where the study area comprises two structure namely, Dabaa high and Sharib-Sheiba high, in northern
and southern part respectively, while Gibb-Afia high extends from SiwaOasis to northwestern edges of Qattara
Depression. Meanwhile, [2] constructed more reliable basement tectonic map (Fig.2). It shows three subsurface
structure only in the investigated area; Gibb-Afia high that is trending in the NE direction at the middle part;
Ras-Qattara uplifted, which is trending in the E-W at southern part and Alamein basin lies between them.

[3] analyzed Apatite fission track data from recent wells that were drilled to basement rocks. It
indicated that the Sheiba High basement blocks, with the NE direction, formed during the Early Jurassic, and
were not significantly affected by subsequent tectonic events. However, recent studies based upon regional 3D
and 2D seismic interpretation and well data suggest that the Jurassic rifts have more of an east-west orientation

3]

However, the gravity field gives an integrated response to density contrasts caused by structural
features on regional and local scales. While structural features occur above the Curie isotherms of magnetic
crustal rock minerals may yield contrasts in magnetic attributes making them visible on magnetic maps
[4]. Therefore, the present study was carried out using integrated approach of processing and interpretation of
both Bouguer gravity and aeromagnetic data, as well as available geological data to construct more reliable
structure basement map depending on the interpretation of recent analytical method. In addition, coupling
between 2-D gravity and 2.5-D magnetic modeling follows scientific step to minimizing errors and build
magnetic portion according to structure element from basement map. Finally, the output of gravity and magnetic
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modeling, results will be integrated in order to evaluate subsurface structure, crustal continental type and to map
the basement surface.

Study area [7]

Fig.1: Location map of the study area.

Fig.2: Basement tectonic map of the Western Desert of Egypt (After [2]).

I1. Geological Setting

Geomorphologically, the outcrops of the investigated area are shown as Sand and Clay-rich units of
Early Miocene at the northeastern part of the Qattara Depression, while Calcareous Sands and Clay-rich
sediments of Middle and Late Eocene and Oligocene ages lie in the southern and western boundaries of the
depression. The area in and around Moghra Lake is mostly covered by Quaternary deposits. Unconsolidated
eolian Sands, Sabkha deposits, and wadi fill unconformably overlying the Miocene rocks represent the
Quaternary deposits [5].

The generalized stratigraphic column of the northern Western Desert (Fig.3), where the studied area is
located, shows that the subsurface stratigraphic sequence is ranging in age from Cambro-Ordovician to Recent,
resting unconformably over the crystalline basement rocks [6]. [7] subdivided the whole sedimentary section of
the northern Western Desert into the lower clastic division (Cambrian to Early Mesozoic), the middle calcareous
division (Cenomanian to Late Eocene), and the upper clastic division (Oligocene to Recent).

I11. Tectonic Setting
Tectonically, the northern Western Desert represents a part of the unstable belt of the tectonic
framework of the Egyptian Territory ([8], [9] and [10]). The investigated area has been subjected to different
tectonic regimes since the Precambrian time to Recent. Precambrian exhibit three tectonic trends namely, Nubia
(N-S), Red sea (NNW) and Tibesti (NE) trends, which are inherited in basement rocks of the northern Western
Desert ([11] and [2]).
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New tectonic trend appeared in Paleozoic time resulted from thrusting or uplifting of Africa continent
against the main block of the earth’s crust might have been cause of the formation of E-W trend. This trend is
shown in the Gulf of Suez and northern Western Desert in Regional magnetic and isopach maps [11]. In
addition, strong E-W tectonic trend is shown in many parts of isopach maps of successive formation (e.g.
Masajid and Khattatba formation) of middle-upper Jurassic which indicating that the deposition of sediments
from Late Paleozoic to Late Jurassic was controlled by E-W tectonic trends [11].
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Fig.3: Generalized Stratigraphic Column of Western Desert (after [12]).

New events appear in Late Jurassic to Early Tertiary resulted from movements of Africa relative to
Lurasia (Tethyan plate movement). These activity appear in two phases ([1], [11] and [13]); (1) The Sinsitral
shear movements during Late Jurassic to Early Cretaceous (Nevadian event), so two tectonic elements recorded
with wrench master E-W faults, NW fold which associated thrust faults and ENE strike slip faults[14]. (2) The
Dextral shear movements during Late Cretaceous to Early Tertiary (Laramide event), so two tectonic elements
recorded with wrench master E-W faults, ENE fold ( Syrian arc system) trend which associated thrust faults and
WNW strike slip faults.

After dextral lateral movements in Late Cretaceous to Early Tertiary followed by northward motion of
Africa toward Laurasia produced the Alpine orogeny ([15] and [16]), where two resulted compressive forces N-
S and NNW-SSE trend. [17] suggested 20° shifted in northern compressive forces and add that these NNW
compressive forces resulted in ENE trend Uplifted and thrust in northern Egypt from Early Tertiary to Middle
Eocene. Middle Tertiary appear a new regional extensional forces ENE-WSW resulted two
complementary primary shear rifting system NW-SE (Red sea or Gulf of Suez trend) and NNE-SSW
(Agaba trend)[11].

1V. Available data
The available data include:
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1. The Bouguer anomaly map, compiled by the General Petroleum Company [18] with a scale of
1:100,000 and contour interval of 1 mGal.
2. The total intensity aeromagnetic map, compiled by Gulf of Suez Petroleum Company [19] with a
scale of 1:250,000 and contour interval of 10 nT.
3. The available geologic data consist of 34 wells reached to different formations (Table.1).
Table.1: Information derived from drilled wells in the study area.

Well no. Symbol T.D.(km) FMTD Status
MAS-1X 1 3 AEB#3 Succ. Well (Oil)
N. ALAMEIN-1X 2 3.55 AEB # 3E OIL PRODUCER FROM ALAMEIN
ALAMEIN-1 3 44 L. CRETACEOQOUS OIL PRODUCER L. Cretaceous
BEA-4 4 2.63 L. BAHARIYA REC. OIL
HORUS-1 5 2.73 APTIAN OIL PRODUCER U. Cretaceous
HORUS-2 6 2 BAHARIYA OIL PRODUCER U. Cretaceous
HORUS-3 7 2 CENOMANIAN OIL PRODUCER U. Cretaceous
YIDMA-1 8 2.74 L. CRETACEOQOUS OIL PRODUCER L. Cretaceous
RAZZAK-15 9 2.68 L. APTIAN OIL PRODUCER U. Cretaceous
N. RAZZAK-2 10 2.6 AEB Succ. Well (Oil)
RAZZAK-1 11 3.37 JURASSIC OIL PRODUCER U&L. Cretaceous
AGHAR-2X 12 1.9 BAHARIYA OIL PRODUCER U. Cretaceous
QATTARA RIM-2X 13 2.37 ALAM EL BUEIB MBR OIL PRODUCER
S. DABAA 9-2"'st" 14 3.87 BAHREIN Succ. Well
TOPAZ-1X 15 3 AEB #3A P&A
RETHEM-1 16 2.8 APTIAN P&A
DAHAB-3X 17 3.6 AEB P&A
N.R.Qattara-4x 18 2.4 BAHARIYA P&A
DABAA-3X 19 3.2 ALAM EL BUEIB MBR P&A
SANHUR-1 20 2.8 L. CRETACEOQOUS P&A
DABAA-2X 21 45 KHATTATBA P&A
N.YIDMA-1 22 3.1 APTIAN P&A
ALMAZ-1 23 4.1 Basement P&A
S. DABAA 8-1, ST 24 2.9 Basement P&A
1g 34-1 25 4.6 MASAJID P&A
HORUS-7 26 3.32 AEB P&A
RAZZAK-18 27 2.58 AEB P&A
JG-A 28 3.34 BAHREIN P&A
FADDA-1 29 4.8 KHATATBA P&A
GANAYEN-2 30 4.86 KHATATBA P&A
OBEID ALLAH-1 31 3.9 JURRASIC P&A
EL KLISH-1 32 2.8 MASAJID P&A
SHEIBA-1 33 2.5 PALEOZOIC P&A
JG-B "'st" 34 3.45 BAHREIN P&A

V. Methodology and results

5.1. Bouguer map description

The Bouguer anomaly map of the study area (Fig.4), exhibits that the amplitude ranges from (-7)
mGals to (+25) mGals. Positive anomalies exist at the northern and southern parts of the study area with sharp
anomalies. At these parts, the high values of gravity anomalies may be associated with the basement, uplifts
and/or horsts. Closed and subclosed anomalies at southern part of the study area (West to Moghra lakes),
include the maximum positive anomaly (24 mGals), with main NE to ENE trends.Linear anomalies may be
associated with fault of the basement rocks and/or the sedimentary cover trending mainly E-W direction north to
Well no. 29 and around well no. 32, while trending NE around well no. 14. Appearance of linear patterns and
prominent steep gradients on previous locations may be suggest existence of major basement fault lines [20].
Closed negative anomalies, may be related to sedimentary basin and/or grabens. The interested area has two
main low negative anomalies; Western anomaly lies around well no. 30 and trending mainly in the NE direction,
while, eastern one includes most of product wells, with E-W trend.

5.2. Magnetic data processing and description

The total aeromagnetic data of the study is used to construct the Reduced to Pole (RTP) map. The
average magnetic inclination is 43.7° N and declination is 1.8° E. The RTP aeromagnetic map was deduced by
subtracting the theoretical main field, which calculated by IGRF (International Geomagnetic Reference Field)
using [21].In addition the zero level is the reading at the points where there is no appreciable disturbance from
subsurface masses; so that, only the normal magnetic field is present [22]. The constructed RTP, relative to zero
level, map (Fig.5) becomes the starting map on both qualitative and quantitative interpretation.

RTP aeromagnetic map, relative to zero level (Fig.5) represented mainly by negative anomaly in
northern part and positive anomalies in southern parts. The negative anomaly (around well no. 3, 29 and 30) is
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the largest and the simplest one. It has the minimum value of about -40 nT. This anomaly appeared as closed,
broad, and gentle slope that may be associated to basin, grabben or variation in mineralogical composition, with
ENE direction. Furthermore, linear anomalies with high gradient (north to well no. 29) could be associated with
faults are running mainly in, E-W and NE directions. In addition, the middle part of magnetic map exhibits a
linear pattern in NE to ENE and E-W directions. The southern part (West to Moghra lakes) shows a group of
closed or subclosed positive anomalies characterized by wide range of magnetic values from 180 to 340 nT
oflow, moderate and high amplitudes. These anomalies appear with the same location in Bouguer map, which
may be associated to Ras-Qattara high.
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Fig.5: RTP aeromagnetic map of the study area, Fig.4:Bouguer anomaly map of the study area.
relative to zero level showing the location of (After [18]) showing the location of crustal
crustal modelling profiles and spectral analysis modelling profiles.

profiles used in depth estimation.

5.3. Regional-Residual separation

The potential anomaly measured at the surface is not produced by one simple structure, but it is the
sum of the effects of a number of subsurface structures buried at various depths. First step to construct crustal
modeling begins by isolation of the regional constituents away from the local ones. In present study, Fast
Fourier Transform (FFT) technique is applied on both Bouguer and RTP maps to separate shallow structure
(High-pass) from deep seated ones (Low-pass).In addition, Band-pass filtering is applied to detect true
anomalies resulted after cutting deep seated and shallow noise effects.

The process began by converted gridded data from space domain into frequency domain using [21],
where averaging all direction for the same wavenumber to product 2-D Radial average power spectrum curves.
The most advantage of this method, it is depended on selective wavenumber from 2-D power spectrum curves.
In other words, it is related to experience and knowledge of interpreter to estimate best fit for deep, intermediate
and shallow zones, where a point intersection between these fitted lines become our selective point to separate
by using wavenumber values. The energy power spectra are shown in (Figs.6 and 7) for both gravity and RTP
data of the studied area.
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Fig. 6: 2-D power spectrum Bouguer map. Fig.7: 2-D power spectrum RTP (zero level) map.

The low-pass (regional) gravity filtered map (Fig.8) reveals the wavenumber lesser than 0.0145
cycle/km. This map comprises a group of strong anomalies of different shapes, orientations, and extensions,
which show the regional anomalies, related to deeper sources. These anomalies are described as broad and high
wavenumber as shown by decreasing the sharpness with the same trend patterns exist in Bouguer map (Fig.4).
While, High-pass filtered gravity map (Fig.9) resulted from cut-off wavenumber longer than 0.0145 cycle/km,
which appears as local fluctuations of small closures and noses in the contours, trending mainly in the E-W and
ENE directions.

Band-pass gravity filtered map (Fig.10) is isolated by pass wavenumber between 0.0277- 0.0073
cycle/km. Generally, this map gives a good idea about the distribution of the depressions and ridges with their
extension in the area as compared with the high-pass map (Fig.9).The map shows low regional gravity
anomalies in the middle part split into a large number of small residuals. It reveals new negative anomalies that
could be interpreted as new basins, and exhibits other positive ones that considered as promising sites of
hydrocarbon. These anomalies are trending mainly in the E-W, ENE to NE, WNW, and NW directions. This map
shows good observation to zero lines, which may be outline major faults in similar high gradient parts described before in
Bouguer map as shown in northern (north well no. 29), middle (south well no. 32 and close to well no. 9) and southern (
around well no. 14) parts.

Low-pass filtered magnetic map (Fig.11) is constructed by passing wavenumber longer than 0.0173
cycle/km. This map includes similar shapes and trends similar to the original map but with lesser magnitude and
more smoother. Furthermore, Figure (12) displays the high-pass filtered map made by removing wavenumber
longer than 0.0143 cycle/km. This map performed clearly noises anomalies allover the study area, trending
mainly in the E-W and ENE directions.

Band-pass filtered is made by passing wavenumber between 0.0344— 0.0072 cycle/km to construct true
anomalies magnetic map (Fig.13). This map seems to be noisier than the original one since it emphasis the short
wavelength anomalies. The positive and negative local anomalies, which could propose, fault structures in the
form of highlands and lowlands, respectively. The residual magnetic anomalies show three major orientations in
ENE, NE, and E-W directions. The northern parts characterized by negative anomalies (between wells no. 3 and
30) that may be related to northern Western Desert basin. The southern and the central parts exhibit sharpness
zones of high amplitudes, which may be related to Alamein high (south well no.25) and Ras-Qattara high in
southern parts.
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5.4. Depth estimation technique

In geophysical investigations of the subsurface structures, the most important parameter to be estimated
is the depth to the anomalous structure. 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. The
magnetic method is extensively used for determining the depth to magnetic crystalline rocks and especially the
basement underlying surface sediments and sedimentary rocks, which are essentially transparent to magnetic
fields [23]

Spectral analysis technique is applied on the RTP map (Fig.5). In this method, the magnetic profiles in
the space domain are transformed into frequency domain using [24] method and the various parameters of
anomaly sources are derived from the characteristic properties of the amplitude.

Figures (14. a) and (14. b) illustrate an examples of the spectral analysis technique along the selected
profiles of RTP map. Where, the estimated depths results to the basement surface are shown in (Table.3). The
depths range from about 3.03 km (M6) to more than 5.92 km (M3) in the eastern part. There is a general
increasing in the depth to the basement rocks to the northern part as revealed from profiles M11, M12, M15,
M16, M17 and M18. The maximum depth value attains about 7.24 km at the centre of main basin (the northern
Western Desert basin). The depths to the intruded bodies also increase from south to north. It ranges from 0.4 to
1.21 km as shown in the (Table.2). Generally, spectral analysis technique gives a satisfied results as compared
with available depths recorded from different drilled wells, where some profiles passes through or nearing it,
M15, M16, M18, M20, M21 and M22 as shown in (Table.3).
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Table.2: Depth estimation results of RTP magnetic anomalies for spectral analysis methods.

Profile no. Spectral analysis
Basement (km) Intrusions (km)
M1 5.01 0.82
M2 4.78 0.75
M3 5.92 0.67
M4 5.13 0.46
M5 3.97 0.67
M6 3.03 0.45
M7 541 0.62
M8 4.68 0.52
M9 3.45 0.64
M10 351 0.55
M11 6.48 1.1
M12 6.28 0.84
M13 551 0.74
M14 3.27 0.62
M15 6.01 121
M16 6.65 1.08
M17 7.24 0.76
M18 6.44 0.73
M19 4.4 0.6
M20 35 0.69
M21 4.5 0.67
M22 5.56 0.65
M23 5.86 0.47

Table.3: Comparison between the calculated depths from spectral analysis technique along RTP profiles passes
through wells and the recorded depths of these wells.

Profiles Calculated depth (Km) Wells TD(Km) FMTD
M15 6.01 1g-34-1 4,57 Khattatba
M16 6.65 ALAMEIN- 4.39 L. Cretaceous
M18 6.44 GANAYEN- 4.86 Khattatba
M20 35 S. DABAA 2.9 Basement
M21 4.6 ALMAZ-1 4.1 Basement
M22 5.56 FADDA-1 4.81 Khattatba

5.4. Euler’s deconvolution technique
Euler’s deconvolution (ED) is commonly used as a second step in the interpretation of magnetic and/or
gravity data, wherever the Euler deconvolution is used to correlate the magnetic data with geologic map and to
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confirm the modeling results, because it is both a boundary finder and a depth estimator [25]. It uses the
magnetic distributions such as point poles or dipoles as a source of the potential field anomalies, these different
source types are characterized by a factor known as the structural index (SI).
Euler’s deconvolution method is applied on RTP data using standard 3D Euler package, included in the [21] on
the basic of [26] theory.
Theory:

The Euler’s homogeneity equation relates the field (magnetic or gravity) and its gradient components
to the location of the source, with the degree of homogeneity (N), which may be interpreted as structural index
(Thompson, 1982).

%(X—XOH%(V—VOH%(Z—ZO)=SI(B—T) (1)

Where:

T is the observed field at location (X, y, and z) and B is the base level of the field (regional value at the
point (X, y, and z)) and Sl is the structural index or degree of homogeneity. The equation is solved for the source
position by passes a moving window through the data, and uses least-squares inversion to obtain the depth and
horizontal location of sources with different structural indices. Usually the structural index (SI) is fixed and the
locations and depths (X, Yo and z,) of any sources.

Therefore, it requires three orthogonal gradients (two horizontal and vertical gradients) of the magnetic
or gravity data, which (if they have not been measured) are normally, calculated using theFFT. The equation is
solved for the source positions by passes a moving window through the data, and uses least-squares inversion to
obtain the depth and horizontal location of sources with different structural indices. Usually the structural index
(S) is fixed and the locations and depths (X, Yeand z,) of any sources.

Figure (15) shows the application of ED, using SI=0 and window size=20, which in magnetic field
interpretations indicates contact [23]. This map shows the ability to estimate major vertical contacts separates
different subsurface magnetic bodies, which are shown in the northern part and trending in the E-W and ENE
directions, with different depth from 2 km to more than 6 Km. These solutions locates the limits of Dabaa high.
The middle and the southern parts show the source locations that surrounding most of anomalies and parallel to
major faults, trending mainly in the ENE to NE and E-W directions. The solutions depths reached to 4 km in
almost of the study area and may be extended to 6 km on minor locations, which may be related to the main
basins such as Alamein area and its extensions.

2¢’l00"

| . |

] 10 20 30km
Fig. 15: Contact locations and their depth (0-6 Km), as deduced from the RTP aeromagnetic map, using
standard Euler’s deconvolution.

5.5. Tilt Angle Derivative (TAD) technique
One important goal in the interpretation of magnetic data is to determine the type and the location of
the magnetic source. This method estimates both the horizontal location and the depth of magnetic bodies, but

DOI: 10.9790/0990-03621129 www.iosrjournals.org 20 | Page



An Integrated Study of Gravity and Magnetic Data to Determine Subsurface Structure and Depth to

without specifying prior information about the nature of the sources structural index [27]. [28] showed that the
tilt angle value ranges between +w/2.Zero line is directly over the contact, thus locating the position of
anomalies contact.

The TAD technique is applied on RTP aeromagnetic map (Fig.16), using [21] program on the basic of
[29] theory.
Theory

The tilt angle derivative (TAD) [29]is defined as

TADor 9= tan'{ﬂj 2)

THDR |
Where @is the local phase, VDR: is the vertical derivative and THDR is the total horizontal derivative.

This map exhibits major uplifted blocks with the main magnetic trends E-W and ENE direction, where
TAD is relatively smoother and positive value over the sources. The northern parts show major uplifted trending
in E-W direction. In addition, the middle part (south well no. 25) shows high local anomalies, trending NE
direction and it can be correlated to Alamein high. In addition the southern part exhibits uplifted area, with NE
to ENE and E-W directions, which may be associated to Ras-Qattara high. Large low area appeared in the
northern part between well no.3 and 30.

It is interesting to note that the TAD tends to convey the edge detection from uplifts at all scales and
depths, also, the distance between zero to /4 contours is used to estimate the depths to sources. The results of
depth estimation ranges from 2.5 to 4.5 km in southern parts. In the same time, the depths attain from 3 to 4 Km
in middle parts (south well no. 25), while reached to more than 6 Km in northern parts.

In order to ensure the source edge location, Euler’s deconvolution is plotted over the tilt angle
derivative map (Fig.17). This map displays a good correlation between Zero lines and ED solutions location
allover the investigated area. Where, Euler solutions tend to be clustering along edges of source as contact
and/or faults. In addition, the tilt angle derivative determines the edges of uplift blocks as shown in the northern
(north well no. 29), the middle (south well no.25), and the southern parts.

In addition, Zero line and ED solutions may help us to delineate edges of major basins as shown
in middle (Alamein basin) and northern (The northern Western Desert basin) parts.

o 1R —1) km__| g 19 o km
Fig. 16: The TAD of the RTP aeromagnetic map Fig. 17: Euler’s deconvolution solution obtained
of the study area. from the RTP aeromagnetic map, plotted

over the TAD map.

5.6. Structure tectonic map

Tentative structure basement map (Fig.18) is constructed by delineating the edges of uplifted and
downfaulted blocks deduced from separation magnetic maps ([23], [30] and [31]). In addition, the vertical faults
separated high and low blocks from each other and strike-slip faults can be predicted from ED solution and
TAD aeromagnetic maps.

This map is characterized by the presence of five alternative uplifted and down-faulted blocks, resulted
from ENE to NE dip-slip faults. The southern part shows downfaulted blocks namely, L;, L, and L; alternative
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with uplifted blocks namely; H;, H,, and Hj trending ENE and E-W directions. Thesestructuresareintersected by
younger NW to NNW strike-slip faults F, and F, lead to forming sub-parallel downfaulted and uplifted area. On
the other hand, the northern part exhibits Hs and H, uplifted blocks in the same directions, separated by
downfaulted area Ls.

In briefly, tentative structure basement map shows several uplifted and downfaulted area, where the
northern uplifted block Hycan be associated to Dabaa high. Inaddition, the middle block Hycan be correlated to
Gibb-Afia /Alamein high. These uplifted blocks is separated by block Ls, which can be related to the northern
Western Desert basin. Furthermore, the southern parts indicated presence of uplifted blocks H, that can be
related to Ras-Qattara high. While, down faulted blocks L, can be considering as the main basin in the study
area (Alamein basin).

.
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Fig.18: Tentative basement structure map of the study area as deduced from the integration of analytical
techniques showing the location of 2.5D modelled profiles.

5.7. 2-D and 2.5-D Modeling technique.

Forward modeling technique is applied on both gravity and magnetic maps, to confirm the tectonic
framework in the interested area. In this study, 2-D/2.5-D modeling along three profiles are carried out using
[32] program that based on the algorithm of [33] and [34]. These profiles namely from west, A-A", B-B™ and C-
C" plotted in the same location on both Bouguer (Fig.4) and RTP magnetic (Fig.5).They run in the south to
north direction to reflect the basement surface and tectonic elements take into account the following aspects:

1- First step began with using 2-D gravity modeling profiles to confirm depths to basement surface, Conrad
and Moho discontinuities. Spectral analysis technique is applied to the modeled profiles A-A’, B-B™ and
C-C’ for gravity data (Fig.19) to estimate average depths to these boundaries (Table.4). This step has two
benefits. Firstly, to eliminate errors caused by survey line that may be not oriented perpendicular to the
strike. Secondly, there is no dependence on user-selected window size, which other techniques require,
which in most cases is easier to approximate with a straight line and denoting deeper discontinuities
(Moho and/or Conrad) [35].

2- The results of depth estimation along three profiles of magnetic data (Fig. 20) are used to determine the
depths to Curie isotherm and basement surface (Table.5). The estimated average depths are shownin tables
(4) and (5). Theyshowcomparable results with the depths to basement, Conrad and Moho discontinuities
that carried out bydifferentauthors on crustal modeling ([31], [36], [37], [38], [39] and [40]).
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3-The distance between basement and Curie surfaces is divided into many blocks based on structure criteria,
which were deduced from tentative basement tectonic map (Fig.20).

4- These profiles passes through different wells, so the sedimentary cover may be divided into number of layer
according to available data from drilled wells reached to different formations as shown on (Table.1).

5- The densities vary for both sedimentary layers and crustal layers according to many parameter. The
assumed densities of the crustal models of the study area show a good and satisfied results as compared
with rock densities values used in several studies for the adjacent areas ([31], [37], [38], [40], [41], [42],
[43], [44], [45], [46] and [47]) (Table.6).

Table.4: Results of spectral analysis along the Bouguer gravity profiles modeling

Gravity modeled profiles Depth of Moho Depth of Conrad Basement depth (Km)
(Km) (Km)
A-A 30.2 18 3.34
B-B* 34 - 41
c-C 31 17 39
Average 31.7 175 3.78

Table. 5: Results of spectral analysis along the RTP aeromagnetic profiles modeling

Magnetic modeled Curie isotherm depth Basement depth (Km)
profiles (Km)
A-A 16.9 3.46
B-B* 15.6 4.9
c-C 18 5.2
Average 16.8 4.52

The first profile A-A" (Fig.21) passes through three wells, where Sheiba-1 well (Paleozoic rocks are
recorded at depth of about 2.5 Km), while Mesozoic rocks recorded in wells Ganayen-2 and Fadda-1 at depths
of 4.86 Km and 4.8 Km, respectively. The second profile B-B™ (Fig.22) lies in the central part of the
investigated area. This profiles runs through five wells (JG-B, Razzak-18, Horus-7, Ig 34-1 and Sanhur-1 wells)
with different recorded formation (Table.1). Two drilled wells reached to the Paleozoic and Mesozoic are
located along third profile C-C” (Fig.23), namely N.R.Qattara-4X and Topaz-1X wells, at a depth attain about
2.4 Km and 3 Km, respectively.

All profiles show that the lower crust- upper mantle boundary (Moho discontinuity) is slightly
shallower to the north direction. The thickness of the crust (depth to Moho) ranges between 31.5 km at the
southern part and decreases to reach about 28.5 km at the extreme northern rim. The depth to Conrad
discontinuity varies from 22.3 km at the southern part to 17.6 km at the northern part. Furthermore, the mean
density assumed to be 2.7 g/cc for the Precambrian igneous, 2.9 g/cc for the lower crustal layer (mafic rocks),
while upper most part of the mantle is 3 g/cc.

DOI: 10.9790/0990-03621129 www.iosrjournals.org 23 | Page



An Integrated Study of Gravity and Magnetic Data to Determine Subsurface Structure and Depth to

Table.6: Density correlation chart from different studies.

Layer Sedimentary Upper Crust Lower Crust Mantle
Name
Jacobs, (1959) 2.67 3 3.3
Makris, (1976) - 2.82 2.9 3.34
Ginzburg, (1987) 25 2.8 2.96 3.25
Setto, (1991) 2.6 2.68 2.9 3
Omran, (1998) 2.3 2.67 3 3.3
Ismail, (1998) 24 2.7 31 3.47
Omran, (2001) 2.37 2.67 3.07 3.44
Salem, et al, (2004) 2.1(Upper) 2.7 2.93 33
2.5(Lower)
El-Khadragy, (2010) 2.43 2.74 2.93 3.28
Saada, et al, (2013) 2.1(Upper) 2.5(Lower) 2.7 2.93 3.3
Azab, (2014) 241 2.75 2.9 3.31
Present Study (2.19)Cenozoic 2.7 2.9 3
(2.37) Mesozoic
(2.45)Paleozoic

Figures (24, 25 and 26) exhibit magnified picture for magnetic portion along A-A’, B-B™ and C-C’
modeled profiles, respectively. The upper part of model shows sedimentary covers, which divided into three
modeled layers Paleozoic, Mesozoic, and Cenozoic according to the obtained depths from the drilled wells.
Paleozoic rocks are characteristic by high-density value = 2.45 g/cc; Mesozoic rocks have a medium density
value = 2.37 g/cc and upper Cenozoic portion with a minimum density = 2.19 g/cc along A-A" and B-B’
modeled profiles. The densities values are assumed and correlated with different values obtained from previous
works of surrounding areas ([31], [40], [47].).

The estimation depths results to basement surface along three profiles are shown in (Table.7). These
results show good agreement between these profiles, which supported our assumption to build up the magnetic
layer according to structure criteria. Figures (24, 25 and 26) show 2.5-D blocks, these blocks extend from
basements surface to Curie point surface (depth= 17 km). These figures display two main basins in middle part
Alamein (L) and the northern Western Desert basins (Ls) blocks, furthermore, three uplifted region show in
southern, middle and northernmost parts. The southern uplifted block H,, which may be associated to Ras-
Qattara high, while, the middle uplifted block Hs is related to Alamein high. Finally, block H, in northern part
can be related to Dabaa high. Paleozoic and Mesozoic layers tend to be thinning over the horst block area in
southern and northernmost parts as compared to the very thick section on the downthrown side of the two main
basin

In addition, Magnetic portion along these profiles show some similarity. The rock susceptibilities show
gradual increase toward the southern part, where, the magnetic susceptibilities along this trend vary greatly from
0.001 (H,4) to 0.0098 (L3) cgs-units. Furthermore, the density values show slight increase toward the southern
and northern parts from middle part.
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Fig.21: Crustal modeling along profile A-A’.
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Table.7: Depth estimation to basement surface from three modeled profiles.

Blocks A-A’ (depth to basement) (km) B-B" (depth to basement) (km) C-C’ (depth to basement) (km)
L3 6.8 5.6 6
H2 36-4 3-438 4-45
L4 55 6.8 6.9
H3 33-4 4.7 38
L5 7 7.7 6.9
H4 3 3.8 3.6

5.8. Tentative basement relief map

The average depth results from the applications of different spectral analysis methods, and the 2.5-D

modeling as well as depths from the available drilled wells are used to construct a tentative basement map of the
study area (Fig.27). It shows that the depth to the basement rocks ranges from 2.3 km to more than 7.6 km. In
the southern part, the depth to the basement rocks varies from about 3.5 to 4 km, revealing uplifted area. While,
the middle parts display two different area, Alamein high and Alamein basin, with depth values of 2.5-4.3 and
5-6.5 km respectively. In addition, the depth to the basement rocks varies from about 3.5 km (Dabaa high) to
more than 7.5 km inside the northern Western Desert basin.
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Fig.27: Basement relief map of the study area.

V1. Discussion and Conclusions

The potential field data of Alamein area had been analyzed and integrated with other geophysical and
geological studies to extract deep subsurface structures and depth to buried basement rocks. Different authors
(e.9. [1],[2], [48], and[49]) constructed subsurface structure maps in Western Desert according to potential data,
seismic and well logging interpretation, there are some differences between subsurface structure on these maps,
which may be related to use old techniques and/or type of the used data. Therefore, the present study is
interested in delineating deep basement structure locations, extensions, trends, and depths then correlated them
with modeling technique to support our results.

Generally, analysis of high gravity values in southern and northern parts may be due to (i) thinning of
the earth’s crust towards the coastal zones, or (ii) the presence of intrusive bodies with higher density than the
country rock, or (iii) the presence of more dense or shallow subsurface rocks ([35]). Deep seismic studies and
gravity modeling by [36] revealed a flat Moho with slight thinning towards the Mediterranean Sea coast, which
decay second assumption. Furthermore, the northern Western Desert especially Alamein area didn’t contain any
information or studies proved presence of intruded bodies into sedimentary covers. One of the possibilities may
be a shallow and/or high-density body. Therefore, the combined gravity and magnetic models highlight this
aspect and support the last assumption.

The results of band-pass filtering display that the southern positive gravity anomalies lie in the same
location of the positive magnetic ones revealing uplifted structures, this interpretation becomes acceptable
because the structure is upheaval, which means that the basement rocks have been brought closer to the surface.
However, the northern rim displays positive gravity, which may be related to transition zone, but when
correlating it with magnetic data shows strong positive anomaly. This correlation supports the presence of
uplifted high in northernmost part. On other hand, other portion of the study area in the eastern and middle parts
is almost associated with negative gravity and magnetic anomalies. This is also realistic since these parts are
almost filled with a thick column of non-magnetized sediments, where depth reached to 7.24 km (east well no.
30). The tilt angle derivative tends to be maximum over source bodies, while the edges of anomalies coincident
with zero contour lines. Therefore, correlation between Euler’s deconvolution solution and TAD techniques,
which is applied on RTP aeromagnetic map, exhibits a good relation between ED solutions and zero contour
lines, coincident with contact or faults of basement structure. This correlation side by side with FFT filtering
helps us to constructed more reliable structure map.

The results of tectonic map achieved by this study were correlated to the previous studies to indicate
the similarity and the difference between these results according to their subsurface structure features as
locations, extension, and trend. The present map displays three uplifted blocks namely, Ras-Qattara in southern
part with NE to ENE and E-W trends, Alamein high in middle part trends NE direction and Dabaa high in
northernmost part with an E-W direction. While, the main basin (Alamein basin) lies in the middle part between
Ras-Qattara and Alamein, as well as the northern Western Desert bounded in northern part by two uplifted
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Alamein and Dabaa highs. These results is more appropriate with subsurface structure location interpreted by
[1], where basement mega structure map shows one uplifted namely, Shieba (Ras-Qattara) high lie in southern
part of the study, trending mainly in the E-W direction. Also, the results are more appropriate with Structure
maps constructed by [2] and [49], where the preset map shows new uplifted in northern rim (Dabaa high). In
addition, the present study shows Ras-Qattara high with NE to ENE trends directions, which disagreement with
previous study, but [3], suggested that the Sheiba high basement blocks trending NE direction formed during the
Early Jurassic and were not significantly affected by subsequent tectonic events.

The modeling process depended on various parameter to minimizing errors, where building 2-D gravity

modeling according to the average depth results to discontinuities surface, which extracted from power spectrum
curves and assuming densities. However, 2.5-D magnetic modeling was carried out according to the calculation
of average depths to the curie isotherm (17 km) and structure features obtained from basement structure map.
The modeled profiles reveal high southern anomalies linked with uplifted blocks (H) (3 — 4.8 km depth) of
relatively high density and susceptibility. While, the middle part comprises two downfaulted blocks (L, and Ls),
with depth range from 5.5 to 7.7 km, where blocks (H3) separates the previous basins. Finally, the northern rim
show strong uplifted area (H,) with depths ranges between 3 and 3.8 km. In addition, increase densities from
middle to southern and northern parts with shallow depths supported our assumption about southern and
northern anomalies and made the present structure map more logically from previous studies.
The basement relief map of the investigated area clearly indicates that, the depth to basement surface is a little
difference between the results comes from basement map constructed by EI, Paso co., (2011). The
basementdepth of the study area varies from 2.7-3.6 km in southern and northernmost parts and increase to 4.8-
6.5 km in the other parts. Shallow area appears in middle part with depths range from 2.5-4.3 km, which may be
associated to Alamein high.
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