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H A Ibrahim 

Gravity and Areonlagnetic Signatures and 
their Geological Sigllificance in the Abu 
Gharadig Basin, Northwestern Desert, Egypt 

Abstract: vV'V"'vU' interpretation of 

anomalies and total intensity anomalies of two 

profiles from the Abu basin suggests a general 

northward increase in basement (about 3 to 6 Km). 

modeling Enmark (1981) 

and et al. (I the gravity 

profiles, reliable results with the available 

information on the area. The 

are interpreted and using two methods: non

linear techniques and interactive 

A prominent of the basement rocks is observed to 

the which is considered a of the major 

basement in the northern Western Desert of In 

a of the basement is found 

to the north, which a part of the 

subsidence including the present Mediterranean basin. 

The abnormal thickness of the sedimentary section of 

various and the presence of 

intrabasement (acidic or basic bodies) are possibly 

considered the main causes for I) the origin of different 

anomalies and positive respectively); 

and 2) the of different anomalies and 

high), particularly those in the middle part of the 

area. 
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Figure 2. North Western Desert basins delineation 
map (Modified Meshref, 1 

The data in the study are in the 
form of Bouguer gravity and anomaly 

Both maps were 
Egyptian 

kindly provided by 
Corporation 

The study profiles are marked and 
Bouguer gravity map (Fig. 
aeromagnetic map (Fig. 

Morphologically, two 
study area. Abu AI Izz 

features as 
southern Miocene 

following; a) 
plateau with its 

northern portion made up the middle Miocene 
Marmarica "limestone" (Tm) and southern 

of the lower Miocene Moghra 
"sandstones and (Tm), b) The Qattara 
Depression itself with its floor is made up the 
lower Miocene (Tm) covered 

and shallow saline water ponds in deepest 

portions encrustation, silt, sands sand 

To : Oligocene 
o 25 50 Km. 

Tm : Miocene I ! 

Figure 3. Simplified ,",~'n~''''~'M' map of 
Depression area (Modified after the 
Geological 1981). 

The subsurface Abu 
basin area and the parts (Fig. has 

(Qd), as well as, sabakhas (Qsb) in its shallow 
The and 

Oligocene 
exposed-rock 
in the 
the 

LEGEND: : Eocene 

Qd : Sand dunes 

I:-:-j Qsb: Sabokha 

: Pliocene!? I 

35
• 	 Elevotion point 

Topographic comour, m 

Froctures 

by many workers Abu EI-Naga, 
Ibrahim, 1986; Bayoumi and 

1990; 1995). 

"pt1C.1"H'" in this important part 

are made up of 
shales 

carbonates. They reach a maximum 
of about 4000 m to the west of the study area. 

of Mesozoic in 
to in the 

c. No marine Triassic sediments are recorded. 

d. The is divided into a lower 
clastic unit and an upper one of 



- - --

- - - --------- - - -

- - - --

------

- - -

----

96 Gravity and Areomagnetic Signatures and their Geological Significance ..... . . 

e. The Cenozoic is characterized by open 
marine conditions resulting in the deposition 
of various sedimentary facies ranging in 
composition from clastics to non-clastics. 

f. The clastic sediments are common, but 
carbonate rocks may dominate in some local 
deep basins. 

g. The sedimentary successions in the Abu 
Gharadig basin were deposited on a platform 
environment of uniform sedimentation with 
little variation in sedimentary facies. 
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Figure 4. General subsurface stratigraphic column 
of the Abu Gharadig basin (After Abu El-Naga, 
1984) 

The investigated area represents a part of the 
major unstable shelf of north Africa and the 

Mediterranean (Henson, 1951; Said, 1962) and at 
the same time it is related to the mobile belt (Weeks, 
1952) which is characterized by a complex 
subsurface structural pattern (Fig.5). Many fault 
trends; E-W, WNW, ENE, NW and NNE, have been 
deduced from different geological and geophysical 
studies which were carried out by many 
investigators (e.g. Riad, 1977; Meshref, 1982; Setto, 
1995). A folding system, as a result of the 
compression forces, was also recorded in the area. 
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Figure 5. Sketch of the structural aspects of the 
Nubian-Arabian 
Meshref, 1982). 

shield in north Egypt (After 

Methods of Analysis 

The present study aims at obtaining more 
information on: a) source of major negative and 
positive gravity anomalies (especially the anomaly 
24 mgal near the northeastern portion of the 
depression, and also the anomaly + 13 mgal near the 
southern part of the area) (Fig. 6), b) source of the 
corresponding magnetic anomalies either low or 
high (especially -25 and +575 gammas) (Fig. 7) 
and consequently, c) distribution of different 
uplifted and subsided blocks which may have 
important reflections on the distribution of 
hydrocarbon reservoirs in the area. The techniques 
applied include: 

0 
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by 
approach 

2. 	 2 dimensional modeling the 

gravity residual anomalies by 
software given et al. (1 

Enmark ( 1981) respectively. 

3. major 
gravity magnetic ies to estimate 
the preliminary depths to different causative 

bodies. 

4. Basement-depth determination by 
applying non-linear optimization techniques 
and interactive for 

profiles. 

map of the 
(Compiled by 

Figure 7. anomaly map 
of the Gharadig basin area (After Aeroserv 
1964). 

In the many 	 rapid 

field developed 
and 

mass mass 
is either of 

(Bott, 1 Tanner, 1967), or is fitted 
by an n-sided polygon (Talwani et al., I Morgan 
and Grant, I Enmark, 1981) to determine its 

by the successIve 

In are 
D-modeling, the 

formulas of Enmark (1981), which is slightly 
changed welJ known 2-D formulas given 
by Talwani et al. (1959). An 

certain 
approximate 

24 mgal the profile 
depths below anomalies in 

According to drilling data at some 
e.g. Sheiba-l X, 1 X and 1 the 
basement vary from acidic (granite and 
granodiorite) to basic and (basalt and 
dolerite). the author modeling process 

the maximum and 
values density contrasts. 

Local/regional anomaly separation gravity 
(Figs. 8 a & b) and 8 c & d) 

the adopted 
Abdelrahman et al. 

accurate, and 
preliminary 

the buried 

using the 
that the causative bodies 

gIves 
and the 

general 
which in turn permits 
basement depths with those obtained 
the data along same profiles. 
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For a proper interpretation of the geomagnetic 
field, several considerations in the present study are 
taken into account: 

1. Where the basement rocks are covered by 
sediments, most if not all of the observed 
magnetic anomalies can be attributed to the 
basement rocks because their polarization is 
much greater than that of normal sediments 
(Nettleton, 1940; Sharma, 1976). 

2. Magnetic anomalies can be produced by 
lithologic changes within the basement, 
variations in thickness of the magnetic 
bodies, topographic relief, structural features 
such as faults and folds and changes in 
magnetic susceptibilities. 

3. The magnitude of a magnetic anomaly is 
not only a function of the vertical extent of 
the causative body (Nettleton, 1976) in 
contrast to the case for gravity. Thus, the 
magnetic anomaly of a small body at a 
shallow depth can have the same amplitude as 
that of a large body at a greater depth as long 
as the ratios Rl/Zl (R, the radius; Z the depth 
to the center of the spherical-causative body) 
are the same. Only the horizontal dimension 
of the anomaly will be changed. 
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Figure 8. Profiles showing Bouguer gravity 
anomalies (a & b) and total magnetic intensity 
anomalies (c & d) with their computed components 
(residual and regional) in the study area. 

Key: L'lGr : Residual gravity field in mgals; L'l Tr : 
Residual magnetic field intensity in gammas; - : 
Observed field anomaly; . ... ... : Residual field 
anomaly; - - - - - : Regional field 

Results and Discussion 

1. Description of gravity and magnetic fields: 
The Bouguer gravity anomaly map of the study 

area (Fig. 6) shows a general northward increasing 
trend starting from north of Sharib area (+27 mgal, 
at the most northeastern portion of the Qattara 
Depression, and a minimum value -24 mgal at the 
central part of Abu Gharadig basin). This trend 
continues into the Mediterranean Sea. The most 
salient negative gravity anomaly (-24 mgal) has 
nearly an E-W trending, oval-shaped anomaly and it 
is almost coinciding with the central portion of the 
Abu Gharadig basin. 

It is noticed that most of the northern parts of the 
study area are nearly dominated by positive gravity 
anomalies. The southern parts are characterized by 
alternation of positive and negative anomalies, 
while the central part is dominated by negative ones 
(Fig. 6). The major linear gravity anomalies have E
W, WNW, ENE, NW and NE directions. They have 
a gentle gradient, suggesting a large-scale 
subsidence for the basement rocks especially to the 
north, which may have led to the formation of the 
Mediterranean basin. 

In contrast to profile A-AI profile B-BI (Fig. 6) 
does not intersect the center of the large negative 
gravity anomaly. To the north, along the study 
profiles, Bouguer gravity values increase rapidly, 
suggesting rocks of higher densities . 

The magnetic intensity pattern and its trends in 
the study area are very complicated (Fig. 7). The 
middle part of the study area is occupied by parts of 
a magnetic high trending nearly N-S. To the south, 
alternating high and low magnetic belts of smaller 
aerial extent and larger magnetic gradients are 
observed . Moreover, the southern parts of the study 
area are characterized by a number of magnetic 
anomalies, especially to the southeast. Their 
magnetic zones have the highest amplitudes within 
the study area (> 1 00 g) and exhibit very steep 
gradients. 

Both the gravity (Fig. 6) and aeromagnetic (Fig. 
7) anomaly maps of the area under study emphasize 
the existence of a major E-W trending fault system 
(F I) (Fig. 9). This major fault system is controlling 

the Abu Gharadig basin from the north and running 
along with the steep gravity gradient (Fig. 6), 
separating the trending high anomaly belt, 
occupying the northern portion of the basinal block, 
from the major gravity minimum in the central 
basinal block. However, the trace of such a fault 
zone appears to be camouflaged on the magnetic 
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map due to the effect the igneous intrusions 
and doleritic), recorded in some wells 

1 X and 1 X), within the Paleozoic 
section in the locality where 
seems to be with it. 
careful inspection of both gravity and 
anomalies in the 
E-W fault 

controlled one (Bayoumi 
1989). It is bounded from the north and by two 
major normal-fault 9). 

Moreover, most 
anomalies in the area are probably 
granitic/granodioritic basement complex 
basin or probably to basic ultrabasic 
intrusions within the Paleozoic such as 

recorded at Sharib -I X and -IX 
or both. 

/F'OUit ~ Wei! location 

A map showing the fault systems 
In Gharadig 

2. Interpretation of selected gravity and 
profiles: 

gravity 
are modeled in terms of: 
and b) intrusive A good fit between 
the and calculated values in terms 
of basement can be reached usmg 
minimum and maximum density contrasts of -0,15 

-0.35 respectively, 
buried 

basement along study gravity 
(Figs, 10 a & c), shows a to the 
north followed by a in contrast to the 

The obtained results agree with 

reported in the 
Middle East 1984) and also with 
recorded by Bayoumi and Lotfy (1989). 
maximum depths to the basement rocks obtained 

below A-A! and 
5,5 A 

minimum and maximum 
values (-II and -32 

10 b & d), 

basin area are calculated 

(A-AI and 
15 Km respectively. 

11 a & c the 

can account for the magnetic profiles A-A! 

basement topography. Although 
good between the and 

thought not to be 

with known 
in Abu 

Gharadig area (Schlumberger Middle East S.A., 
1984). But the models could not account fully for 
the of the and involve a magnetization 

respectively, values which are 
11 a & c) 

""'..Iv.... '" magnetization of 1.60 and 1 Aim 
Also, the were (Figs. 

] 1 b & d) having magnetization 1.3 and 
1.4 Aim respectively, In all cases the sediment 
thickness is not compatible with the known 

the study area (Said, 1990). 
attempts to obtain good at the 
trough to decrease 
areas not in agreement with the known 

conclusion from 
11) is that variation in the 
could to the ,n"''''J\(,,",,' 
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structures and density contrasts within the basement 
due to differential uplift. The central and northern 
parts of these profiles show an altell1ation of 
anomalies with longer wavelengths, implying local 
and widely separated structural and lithologic 
variations within the stratigraphic sedimentary 
sections in the Abu Gharadig area. 

The calculated depths to the top of the buried 
causative body (basement rocks) obtained by the 
application of both gravity and magnetic data show 
a spatial variability. The depth values, obtained from 
gravity and magnetic data, are lying between 5.5 to 
5.3 and 3.8 to 3.6 Km respectively along the study 

profiles A-AI and B-B/. The careful investigation of 
the obtained results reveals the presence of a major 
uplift in the southell1 part of the examined area, 
which could be a part of the major southell1 
basement high bordering Abu Gharadig basin from 
the south. Likewise, a basement trough may be 
postulated for the central part of the area towards the 
Mediterranean Sea (Figs .l0 and 11). 
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Figure 10. Possible models along the interpreted 
Bouguer gravity profiles in terms of underlying 
basement (a & c) and discreet intrusive bodies (b & d). 

Key: ~Gr : Gravity residual in mgals; - : Observed 
anomaly; ........ : Calculated anomaly; a: Intrusive body; 
MSL : Mean sea level; D: Depth in Km; SC: 
Sedimentary cover; xxxxx: Basement rocks 
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Figure 11. Possible models along the total magnetic 
intensity profiles in terms of underlying basement (a 
& c) and discreet intrusive bodies (b & d) . 

Key: ~Tr: Magnetic residual in gammas; - : Observed 
anomaly; ...... : Calculated anomaly; \.1: Intrusive body ; 
MSL : Mean sea level; D: Depth in Km; SC: 
Sedimentary cover; xxxxx: Basement rocks 

Conclusions 

From the foregoing results and discussion, the 
following conclusions can be reached: 

I. The average depth values to the top of the 
basement rocks (about 3.5 to 5.5 km) along the 
study profiles (gravity and magnetic) in the Abu 
Gharadig area agree with the expected depths which 
control the distribution of the geological findings. 

2. The distribution of numerous gravity 
anomalies and magnetic anomalies shows a general 
northward increase of the basement depth. 
Prominent basement uplift is lying to the south and 
represents a part of the major uplift in the north 
Western Desert of Egypt. Also, the determined 
northward deepening of the basement is considered 
a part of the regional northward subsidence, which 
includes the MeditelTanean basin . 
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of magnetic 
the magnetic 

can best 
explained bodies 

the basement 
contributory bodies may 
basement or within the sedimentary 

the basin or both. 

4. intrusive bodies may extend to greater 
is shown in 10 & II, without 

conclusions model 
are probably 

on account of their 

5. 	 The ong111 of the 
mgal) and the 

100 g) in the 
may be due to: presence of 

sedimentary abnonnal thickness, 
and b) occurrence of a causative 
body 15 Km). 

6. 

Jurassic) 
doleritic mantle 

the Alpine 
resulted in a 

accompanied by a slow-mild subsidence of 
block, along an E-W fracture I) in 

the Western Desert of 

detem1ination, 
Abu AI hz, M.S. (1971) translated 

by YA. Fayid. The American Cniversity in Cairo 
Egypt. 

Abu EI-Naga, M. Paleozoic and Mesozoic 
depocenters and generation areas, north 
Western Desert, Petrol. Explor. Semin., 

269-287. 
map 

Bayoumi, A.I., and H.I. ( 
structural evolution of Abu Gharadig Western 
Desert of as deduced from seismic data. 1. 
Earth Science 9 (2): 273-287. 

Begg, H., McCann, C. and Mohmet~ H. (I 
Program profile across multible bodies. 
Reading Dept., England. 

M.H.P. The use of rapid 

of 

Basin area. 
M.H. (I Subsurface of the 

Tertiary rocks of the northeastern district of the 
Western Desen of 1. A/i: Earth. Science 1. 
285-319. 

T. (1981) A versatile interactive 
program for computation and automatic optimization 
of models, 19: 47-66. 

F.R. (1951). Observations in the Middle East. 
World Petr. ConfT.. Proc. Sec. I' Leiden 

Netherlands 
Ibrahim, H.A. (I 

studies on the Abu sedimental}' basin alld 
the surrounding areas, north Western Desert. 
Ph.D. Thesis, 	 Assiut Univ., Assiut, 

of 
Seminar. 

( I 
and magnetic across 

two-dimensional bodies having an arbitrary cross-
section. Geophys. 2: 10-25. 

Nettleton, L.L (1940) Geophysical Prospecting for Oil. 
McGraw-Hili Inc. 

Nettleton, LL ( and Magnetics in Oil 
McGraw-Hill Inc. 
Shear zones in north 

from gravity data. Geovhvsics 42 
Said, R. (1962) The 

Camp., Amsterdam & New York. 
Said, R. (J 990) The Geology 

Balkema/Rotterdam Bookfield. 
Schlumberger Middle East, S.A. (1984) "Veil evaluation 

in EfTVDt. Imprimerie Modern du 

subsidence 
to Abu 

3: 87-94, 

Amsterdam & New York. 
Talwani, M., J.L. and Landisman, M. (I 

Rapid gravity interpretation for two-dimensional 
bodies with ",vlication to the Mendocino submarine 

Res. 64: 49-59. 
method of 

Astroll. Soc. 13: 
339-347. 

Weeks, L.G. Factors of basin 
development that control oil occurrence, A.A.PG. 
Bull. 37: 2071-2124. 

(Received 18/1011 in revised form 02/0112000) 


