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Assiut, Egypt. 

ABSTRACT. Interpretation of three Bouguer gravity and total intensity 
magnetic profiles from the Nile Delta region suggests a northward 
increase in basement depth (2-Skm). A prominant basement uplift is 
found to the south, which is considered a part of the major basement high 
that includes Khatatba-Abu Roash. In addition, a significant deepending 
of the basement is found to the north. This is considered a part of the 
major subsidcnce including the Mediterranean. The abnormal thickness 
of the sedimentary section of various sedimentry facies, and the 
occurrence of a deep causative intrabasement body (> 23 km) are 
considered the main causes for the major negativc gravity anomaly and 
the relatively low magnetic intensity in the Nile Delta region. Ignoring 
density changes with depth in delta, and ignoring the possible presence of 
Ouids within the productive horizons that give abrupt change in densities 
are considered the main causes responsible for the failure of the Agarwal 
method for determining the expected bascment depths using gravity data. 

The study area lies in the northern part of Egypt including the present Nile Delta 
and small parts of northwestern and northeastern portions of the Eastern and 
Western Desert respectively (Fig. 1). It is considered an important province for oil 
and gas in Egypt. Therefore, a number of wells have been drilled in this region 
(Fig. 1). 

The initial data for this area consist of a Bouguer gravity anomaly map 
compiled by the Egyptian General Petroleum Corporation (E.G. P.C) in 1982, 
and a total intensity aeromagnetic map compiled by the Egyptian Geologic 
Research and Mining Department in 1963. The profiles are marked AA', BB' and 
CC' on the location map (Fig. 1) as well as on the gravity (Fig. 5) and 
aeromagnetic maps (Fig. 6). 

41 



~ Qwasim-I 

cf:? ~\S~'d'~\?o' !'~:Shikh' BiI,,, , 
\ \ ,0----0 

Dawar-I \/" 2 C' 1 
........ \ \ 

" Ity El. Baroud-I 

'~ p \ \ 
Hoshlsa-I -~ ..... 3 \ \ 

Eastern Desert 

N, Dilingat - I Nile Delta 

Shibin EI. 
\0 
11 

\ 
\ 
\ 

~it Ghamr- I 

, 
8 

42 H.A. Ibrahim 

0~ Study area Well location 20 km0 
3 

-----' 
Fig. 1. Location map. 

Although the geology of this part of Egypt has been studied by many authors 
(Rizzini et al. 1976, Salem 1976, Said 1981, Schlumberger Middle East S.A. 1984, 
Saleh 1985), there is no detailed subsurface treatment because of insufficient 
subsurface data and the complete absence of any surface outcrops. 

Most of the Nile Delta and its nea:·est adjacent areas are covered with 
alluvium deposits (clay and sandy clay) of Holocene age. These are termed 
Neonile sediments (Said 1981), To the north (near the Mediterranean Sea) belts of 
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sand dunes and vast areas of Sabkha are present. To the northwest of Abu Roash, 
plains of gravels and pebbles from the Oligocene, Pliocene, and Pleistocene 
extend to the Mediterranean coast. Miocene rocks appear at the southwestern 
margin of Wadi El-Natrun and disappear to the east of the depression. Faulting 
and folding northwest of Abu Roash caused Cretaceous limestone and Nubina 
sandstone layers to be uplifted until they outcrop. Their thickness becomes thinner 
toward the north. East of the delta, the region east of Cairo is characterized by a 
complicated geologic structure with many domes and monoclines indicative of 
faulting and folding. Along the faults, volcanic lava is distributed in isolated 
patches (Fig. 2). 

A generalized stratigraphic column of the Nile Delta area from the Paleozoic 
(?) to the Holocene is shown in Fig. 3. The Paleozoic formations have not been 
encountered to date, and if indeed they are present, they would be at inaccessable 
depths. The sedimentary section in this part of Egypt is very depths. The 
sedimentary section in this part of Egypt is very thick and consists of successions 
which unconformably overlie the basement. Carbonates and clastic sediments are 
abundant (Fig. 3). In general, the depth to the top of the basement increases 
northward. It reaches 2 km near the latitude of Cairo and then increases 
northward (Schlumberger Middle East S.A. 1984). 

Rizzini et. al (1976) classified the classic sediments of the onshore Nile Delta 
into three sedimentary cycle: 

1. 	The Miocene cycle which comprises of deep sea clays (Sidi Salem Formation), 
fluvial-deltaic deposits (Qwasim Formation), and Messinian evaporites (Roset
ta Formation). 

2. 	 The plio-pleistocene cycle comprising of open marine sediments (Kafr El-Shikh 
Formation) and deltaic deposits (El-Wastani and Mit Ghamr Formations). 

3. 	 The Holocence cycle (the youngest), represented by the present day coastal 
and lagoonal section. 

The Nile Delta area is located on the unstable shelf of northern Africa and the 
Mediterranean (Henson 1951, Said 1962) and at the same time in the mobile belt 
(Weeks 1952) which is characterized by a complex subsurface structural 
framework (Fig. 4). A pronounced flexure affecting pre-Miocene formations 
extends E-W across the mid-delta area. South of the flexure, asymmetric folds 
referred to as the Syrian Arc fold system extend along an accurate trend from the 
northern Sinai and north of the Gulf of Suez across the southern part of the Delta 
into the Western Desert. This folding is related to the Laramide Phase of the 
Alpine orogeny and was formed in early Miocene time. North of the hinge line, 
large normal faults cross the Nile Delta (Fig. 4) (Schlumberger Middle East S.A. 
1984). 
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Mediterranean Sea 

+ Western Destert 

Stable Shelf 

Fig. 4. Sketch of the structural aspects of the Nubian-Arabian shield margin in northern Egypt. 

Methods of Analysis 

The present study aims at obtaining information on the source of the major 
negative gravity anomaly (-43 mgal) and the relatively low intensity magnetic 
anomaly (-100 gamma) which occupy the mid-delta region using the available 
Bouguer gravity (Fig. 5) and total intensity aeromagnetic (Fig. 6) data. The 
techniques applied include: 

1. 	 Variable density contrast modelling of the Bouguer anomalies by using the 
method of Agarwal (1971 b). 
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Fig. 5. Bouguer gravity anomaly map of the Nile Delta region (compiled by the E.G.P.e. 1982) . 

2 . 	Calculation of residual gravity anomalies by removal of the regional field using 
Griffin's method (1949). 

3. 	 Half-width modelling of the Bouguer gravity profiles to estimate the depth of 
the causative body buried in the area of the mid-delta . 

4. 	 Basement depth determination by applying the maximum slope and half-slop 
techniques of Sharma (1976) to the magnetic profiles. 

In the past, many techniques for rapid interpretation of gravity anomalies 
have been developed (Bott 1956, Talwani et a1. 1959, Morgan and Grant 1963, 
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Fig. 6. 	 Total intensity aeromagnetic map o f the Nile Delta region (compiled by the Geologic Rese arch 
and Mining Department 1963). 

Tanner 1967). In principle, all these methods depend upon idealizing a body by a 
two-dimensional mass distribution which is either divided into a large number of 
vertical strips (Bott 1956, Tanner 1967), or is fitted by an n-sided polygon (Talwani 
et al. 1959, Morgan and Grant 1963) to determine its structural configuration by 
the method of successive approximation. In all these methods, the effects of the 
surrounding mass and the deposition of sediments under the influence of the 
earth's gravitational field on the gravity profile have not been accounted for in a 
realistic way (Agarwal 1971 a) . 
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In this study , the gravity profiles in question are modelled using a computer 
program based on the formulas of Agarwal (1971 b) at the Computer Centre of 
Assiut University (YMEI2900). The mass distribution is approximated by a 
number of vertical strips. These strips have a uniform width. Dimensions of the 
modelled bodies are inferred from the trend of the profiles themselves. Because 
deep density logs in the study area are not available , different density contrasts 
have been assumed. The maximum and minimum contrast values that give an 
acceptable fit are -0.5 and -0.4 gmlcm 3 respectively for all profiles. 

LocaVregional anomaly separation (Griffin 1949) has been carried out using a 
depth of separation of 7 km. This method is simple and accurate, and yielded 
gravity residuals for the preliminary determination of basement depths. 

The depth to the centre of the causative body along each Bouguer gravity 
profile is estimated by using the half-width technique and by assuming that the 
causative body is spherical. 

The total intensity aeromagnetic map of the study area (Fig. 6) compiled by 
the Egyptain Geologic Research and Mining Department in 1963 is used to 
determine the depth and structural configuration of the basement surface along 
the profiles AA', BB' and CC' . This gives valuable information on the thickness 
and general geologic setting of the overlying sediments, which in turn permits a 
better estimates of the basement depths from the gravity profiles. 

For a proper interpretation of the geomagnetic field, several considerations 
must be take into account: 

1. 	 Where the basement is 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, 
Parasinis 1972, 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 faults and folds and changes in magnetic susceptibilites. 

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 
R 3/Z 3 (R, the radius; Z the depth to the centre of the sherical causative body) 
are the same. Only the horizontal dimension of the anomaly will be changed. 
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Results and Discussion 

A. Description of the Grayity and Magnetic Fields 

The Bouguer gravity anomaly map of the study area (Fig . 5) shows a general 
northward increasing trend starting from the mid-delta (+ 53 mgal near the 
Mediterranean shore and a minimum -43 mgal to the north of Shibin El-Kom). 
This trend continues offhosre into the Mediterranean Sea. The most salient 
negative gravity anomaly is east-west trending and areally extensive , conciding 
with the mid-delta area. 

In contrast to profiles AA' and BB', profile CC' (Fig. 5) which lies close to 
the Damietta branch does not intersect the large negative gravity anomaly. This 
oval-shaped anomaly attains its absolute minimum of -43 mgal along profile AA'. 
To the north along the profile, the Bouguer values increase rapidly suggesting 
rocks of higher densities . The gravity minima along profiles BB' and CC' are 
smaller by to 7 mgals . 

The magnetic intensity pattern and its trends are very complicated (Fig. 6). 
The northern part of the study area is occupied by parts of a magnetic high 
trending nearly E-W. To the south, alternating high an low magnetic belts of 
smaller aerial extent and larger magnetic gradients are obsrved. Moreover, the 
area east of the Damietta branch is characterized by a remarkable increase in the 
number of magnetic anomalies, especially to the southeast. Some of these 
magnetic zones have the highest amplitudes within the study area (> 150 y) and 
exhibit very steep gradients. 

B. Interpretation of Selected Grayity and Magnetic Profiles 

Although a good fit between the observed and calculated gravity values can 
be reached by using the assumed density contrasts mentioned above after several 
trials, the basement depths obtained by applying a discrete linear variation of 
density contrasts below each gravity profile (Fig. 7a) do not agree with those 
reported in the literature (Schlumberger Middle East S.A 1984). The maximum 
depths obtained below the profiles AA', BB' and CC' are 2280, 2070 , and 1900 m 
respectively. Also, our profiles show an increase in basement depth to the north 
followed by a decrease , in contrast to geological findings . 

The numerous residual gravity anomalies with varying amplitudes in the south 
suggest structures and density contrast within the basement due to differential 
uplift (Fig. 7b) . The central and northern parts of the residual profiles, show an 
alternation of anomalies with longer wavelengths , implying local and widely
separated structural and lithologic variations within the sedimentary sequence . 
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The depths to the major causative intrabasement body buried in the mid-delta 
area below the gravity profiles AA' , BB' and CC' are calculated to be 26, 37, and 
24 km respectively. 

The basement depth results obtained by both methods show a spatial 
variability . They lie between 2-4.5 km, 3-6 km, and 3-8 km along the profiles. A 
visual inspection of these results reveals the presence of a major uplift in the 
southern part of the area, which could be a part of the Khatatba and Abu Roash 
high lying at the southwestern most part of the delta. Likewise a basement trough 
may be postulated for the northern part of the delta area toward the 
Mediterranean Sea shore (Fig . 7c). 

Conclusion 

1. 	 The depths to basement obtained using a linear variation of density contrasts 
(Agarwal 1971b) do not exceed 2280 m. Thus the Agarwal method does not 
give the expected basement depths in the Nile delta region. 

2 . 	The distribution of gravity residuals and magnetic intensities suggests a general 
northward increase in basement depth (2-8 km). A prominant basement uplift 
lies to the south and represents a part of the major uplift including the 
Khatatba-Abu Roash high. Also , the northward deepening of the basement 
detected is considered a part of the major northern subsidence which includes 
the Mediterranean. 

3. 	The origin of the major negative gravity anomaly and the relatively low 
magnetic intensity in the area of the Nile Delta may be due to the abnormal 
thickness of the sedimentary succession and the occurence of the intrabasement 
causative body (> 23 km). 

4. 	 Probably the main causes for the failure of the Agarwal method for 
determining the basement depths of the study area using gravity data are: a) the 
method ignores the possibilities of increase and decrease of density contrasts (it 
assumes only an increase in density with depth) that accompany lithologic 
changes especially in deltas; and b) it also ignores the presence of fluids and 
gases within the productive horizons which cause abrupt change in densities. 
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