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The Western Desert, Egypt includes the major groundwater aquifer in the country. It is apart from the
Major Sahara Nubian Aquifer which is present in Sudan, Chad, Egypt and Libya. Thickness of this aquifer
is changed laterally from south to north and also from west to east. The changes may structurally or lithe-
ologicalley control. The present study is focused on using of Bouguer gravity anomaly mapped at a scale
of 1:500,000 and the lithological logs of about 120 deep wells used to determine the thickness of the sed-
imentary sequence containing the main Nubian sandstone water aquifer in important area of Egypt. The
area is located in the southern part of the Western Desert bounded by the latitudes 22�000–26�300N, and
longitudes 28�300–33�000E. The predominant structures affecting the basement rocks and the sedimen-
tary cover were traced and analyzed. The gravity stripping approach was applied to eliminate the gravity
effects caused by sedimentary sequence and to separate density anomalies within the sedimentary fill
from the influence of rocks at deeper levels in the crystalline crust.

The study indicated that the surface of the basement rocks is highly rugged and mostly controlled by
structures which have a direct effect on thickness variation of the sedimentary cover all over the area.
Regionally the area is characterized by two major intracratonic basins (the Dahkla Basin and the Nile val-
ley Basin) separated by a NE–SW trending swell of the Kharga uplift and bounded at the south by the
Oweinat–Bir Safsaf–Aswan uplift. These major tectonic units are controlled by fault structures trending
in N–S, E–W, NE–SW, NW–SE, which cut the basement rocks and extend upward in the sedimentary
cover. The maximum thickness of sandstone formations is recorded at west Oweinat, west Kurkur, south-
west of Aswan, Gramashin, Dakhla oasis and some localities west of Sohag and Qena towns. At these
localities the thickness ranges between 600 and 900 m. As this formation is the main water aquifer in
the study area, therefore these localities are characterized by the presence of big amount of ground water.
Accordingly, these areas must take the priority in the sustainable development programs of southern
Egypt.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The study area is representing the southern part of the Western
Desert of Egypt (Fig. 1) which lies between the latitudes 22�000 and
26�300N, and the longitudes 16�300 and 33�000E. The area is an arid
region with no marked drainage lines except from some gullies
draining toward the Nile valley. The area is characterized by paral-
lel belts of sand dunes running generally in NNW direction, which
seem locally to be controlled by parallel tectonic structures. The
study area also includes the famous series of oases including
Dakhla, Kharga, and Baris oases, which represent important
geomorphological features and their location is most probably
structurally controlled.
The Western Desert in general is a huge platform with mean
elevation of 500 m above sea level consisting of thick layered sed-
imentary rocks. The geological units as adopted from a geological
map of the area with a scale of 1:500,000 (EGPC and Conoco Coral,
1987) are shown in Fig. 2.

The area under study has received less geological investigation
than other parts of Egypt. The geology of the northern part of the
area including Kharga oasis and its surrounding parts had been
subjected to many investigations such as Said (1962), Kiltzsch
(1984), Hendriks et al. (1984), Hendriks (1986), Kiltzsch and Wyc-
isk (1987) and Abdel Zaher et al. (2008).

Sandstone with a slight northward regional slope and dip
makes up the largest part of the exposed and subsurface strata.
Carbonate strata are confined to the resistant limestone cap of
the Egyptian plateau. Within the cut of the sheets, outcrops of crys-
talline rocks only occur east of Bir Tarfawi (Bernau et al., 1987;
Wycisk, 1993).
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Fig. 1. Location map of the study area.

Table 1
Average density and density contrast of the main rock types in the El Kharga Oasis
(after Senosy (2003)).

Rock type Density (g/cm3) Density contrast (g/cm3)

Nubian sandstone 2.65–2.67 0 to �0.02
Variegated shale 2.63–2.65 �0.02 to �0.04
Limestone 2.5–2.7 �0.02 to �0.05
Granite 2.67 –
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Two large interacratonic basins; Dakhla basin and Nile valley
basin characterizing the area under study, which are separated
from each other by Precambrian basement uplifts. These two ba-
sins are separated by Kharga uplift which extends in N–S direction.
To the south the basins are delimited by the Uweinat–Bir Safsaf–
Aswan uplift, which trends in E–W direction at the southern rim
of the Dakhla basin and in NE–SW direction at the southern margin
of the upper Nile Basin which separates the deep interacratonic ba-
sins from the more shallow basins of Northern Sudan (Barakat and
Milad, 1966; El-Etr et al., 1982; Schandelmeier et al., 1987;
Hermina, 1990; El-Younsy et al., 1991, Heinel and Thorweihe
(1993)).

Major parts of the area are covered by large numbers of sand
dunes and sand sheets that mask any surface expression of the
subsurface structural framework. Consequently, geophysical meth-
Fig. 2. Geological map of the study area (
ods offer the best tools to study the subsurface geology. The gravity
method is one of the best geophysical techniques used to solve
many geological problems. In practice the gravity method enables
the study of the whole rock thickness, and structural details of the
crust. The aim of the present study is to detect the predominate
subsurface structures and tectonic framework of the southern part
of the Western Desert of Egypt and to determine the whole thick-
ness of the sedimentary cover, and consequently the basement tec-
tonic features, which probably control the thickness of the cover.
Data obtained from drilled boreholes and interpretation of Bouguer
gravity data are used for drawing the configuration of the underly-
ing basement complex.
2. Geophysical data

Geophysical methods are generally a reflection of the physical
properties of the subsurface media even rocks and its pore space
contents (water and/or oil) and the structures which effect later
on these rocks. The gravity method is one of the geophysical meth-
ods which is a powerful tool, can produce useful information about
the subsurface conditions. The present study uses the Bouguer
gravity anomaly map with a scale 1:500,000 compiled by the Egyp-
tian General Petroleum Corporation (EGPC) (1980) as well as the
density of predominant rock units in the area.

For gravity interpretation, the contrasts between rock bulk den-
sities are of prime interest since these contrasts are partially
responsible for the anomalous gravity field. In the study area the
after EGPC and Conoco Coral (1987)).
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Fig. 3. Locations of deep wells scattered in the study area.
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Fig. 4. Empirical relationships between gravity values and (a) total thickness of the sedimentary cover, (b) thickness of sandstone layers, (c) thickness of shale layers.
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main rock types are basement rocks (mainly granite), sandstones,
siltstones, shales, and limestones, which have direct effect on the
Bouguer gravity values in the area.

Senosy (2003) had determined the density of the predomi-
nant lithological units in the El-Kharga Oasis (Table 1) by
comparison between density contrast ranges of different rocks
reported in literature (e.g., Nettleton, 1976; Dobrin, 1983;
Paterson and Reeves, 1985; Telford et al., 1990; Parasniss,
1997; and other) and density measurements derived from For-
mation Density Compensated logs (FDC) of some deep wells in
Northwestern Desert of Egypt by Abu El-Ata and Abd El-Nabi
(1991) and other geophysical logs carried out by REGWA (Gen-
eral Company for Research and Groundwater) on some boreholes
in Dakhala and Owinat regions.
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Fig. 5. Bouguer gravity anomaly map of the study area modified after EGPC (1980)
Original scale 1:500,000.
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Fig. 6. Gravity effects of shale layers.

0 25 50 75 100 Km

Fig. 7. Gravity effects of sandstone layers.
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Fig. 8. Gravity effects of sandstone and shale layers (sedimentary cover).
The density contrast determined by considering the density of
granite as represent the base density as the granitic rocks are the
most prevailing rock types of the basement complex in the study
area. The lithological units in the southern part of the Western
Desert are probably similar to those occurring in the central and
northern parts, and consequently, the density contrasts deter-
mined by Senosy (2003) can be widely used in all parts of the study
area.
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Fig. 9. Bouguer gravity map after removing the gravity effect of sandstone layers.
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3. Subsurface information

Subsurface data of 120 groundwater wells drilled to the base-
ment in the southern part of the Western Desert were used.
These wells are scattered in the whole area as given in Fig. 3.
The geophysical and lithological logs of these wells were formu-
lated and the subsurface rock units were discriminated.

Generally, the density of the subsurface rock formations in-
creases with depth due to compaction. The linear relationship
between density and depth is also accepted between Bouguer
gravity and depth discarding the thickness of sedimentary cover.
In the present work the thickness of the sedimentary cover and
the included rock units were plotted against the Bouguer gravity
values at each well and the linear relationships between them
were obtained (Fig. 4a–c). It can be noticed that the correlation
coefficients of the relationships between gravity and shale for-
mation and total thickness of the sedimentary cover are 0.5625
and 0.6358, whereas they are equal 0.720–0.736 in case of sand-
stone formation and gravity relationship. Accordingly, the ob-
tained relations between Bouguer gravity and the thickness of
the rocks within the sedimentary cover were found to satisfy
the following relation:

Dg ¼ Ao þ A1h ð1Þ

where (Dg) is the mean value of the gravity anomalies, (Ao) is the
base density for the crustal rocks (2.67 g/cm3), (A1) is the rate of
increase of density with depth (density gradient), and (h) is the
thickness of the sedimentary rocks in meter. Accordingly, this
relation was used in calculating the thickness of the shale and
sandstone rock units and the total thickness of the sedimentary
cover. The calculated thicknesses were used in preparing isopach
maps for each rock unit and the sedimentary cover.
4. Gravity data processing and interpretation

The major problem in gravity interpretation is separating
anomalies of interest from the overlapping effects of other fea-
tures; usually the main obscuring effects result from deeper fea-
tures. The Bouguer anomaly map of any area is a continuation of
gravity effects of the various litho-stratigraphic units composing
the sedimentary cover as well as that of the basement complex,
which we can assume that the total gravity effect of anomalous
bodies is acquired by summation of the gravity effects of n-sided
vertical prisms with horizontal bases.

Gravity surveys have been used in investigations of wide range
of scales such as tectonic studies and mineral explorations
(Paterson and Reeves, 1985) and engineering and environmental
problems (Hinze, 1990; Ward, 1990).

Some authors prescribe the density variation and seek to in-
vert for the geometrical parameters of the model. The most
noticeable application is the inversion for the thickness of sedi-
mentary basin given the density variation as a function of depth
(e.g. Oldemburg, 1974; Pederson, 1977; Chai and Hinze, 1988;
Reamer and Ferguson, 1989; Guspi, 1990). Alternatively, others
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Fig. 10. Bouguer gravity map after removing the gravity effect of shale layers.
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assume a constant density contrast and invert for the position of
a polygonal (in 2D) or polyhedral (3D) body from isolated anom-
alies (e.g. Pederson, 1979).

Li and Oldenburg (1998), introduced two methods for invert-
ing surface gravity data to recover a 3D distribution of density
contrast. In these approaches the earth is modeled by using a
large number of rectangular cells of contrast density, and the fi-
nal density distribution is obtained by minimizing a model
objective function subjected to fitting observed data. Application
of these techniques on real Bouguer map shown that the 3D
density contrast inversion of gravity data with a property de-
signed objective function can yield geologically meaningful
information.

The gravity effect of the sediments must be taken into account.
Such gravity effect can be determined if the thickness and density
of the overlying sedimentary sections are known from indepen-
dent sources (e.g. well data and seismic reflection). This process
is known as gravity stripping and has for example, been applied
very successfully different regions to study the deep structure of
the basement below well-explored sedimentary cover (e.g. in
northern Britain by Hinpkin and Hussian (1983), in Gulf of Suez
– Egypt by Abu El-Ata and Helal (1985) and in Kharga oasis – Egypt
by Senosy, 2003).

In the study area, gravity stripping was applied. The stripping
procedure has a more accurate physical foundation than any other
mathematical method of gravity field analysis, provided that the
geometry and density of the disturbing bodies are known with suf-
ficient accuracy. This technique involves several steps including:
(1) preparation of the available data (e.g. Bouguer gravity data,
geometry of upper and lower surface of the rock units as obtained
from geophysical and lithological well logging, and density distri-
bution), (2) calculation of the gravity effects of each layer incorpo-
rating the upper and lower geometrical boundaries and density
distributions, and (3) subtracting the gravity effect of the individ-
ual layers from the original gravity values to obtain the behavior
of the Bouguer gravity anomalies that reflect the predominant
structures at each boundary separating between different rock
units.

The base equation used in calculating the values of any rock
unit is:

Dg ¼ 2pGrh ð2Þ

where (Dg) is the gravity effect of a certain rock unit in gal, (G) is the
international gravitational constant, which equals 6.67 � 10�8 c.g.s.
unit, (r) is the density contrast between the rock unit density and
the base density of the crustal rocks (2.67 g/cm3) and (h) is the unit
thickness in meters.

Based on the above concepts, Bouguer gravity maps for the
shale and sandstone units as well as the total sedimentary cover
were prepared. Furthermore, Bouguer gravity maps were obtained
after removing the gravity effects of shale and sandstone units. The
Magmap Software (1992) was used in processing and preparing
the mentioned maps. The following is a brief discussion of the ob-
tained maps.
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Fig. 11. Bouguer gravity map after removing the gravity effect of shale and sandstone layers.
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4.1. Description of the Bouguer gravity anomaly map and stripped
gravity maps

1. On the Bouguer gravity anomaly map of the study area (Fig. 5)
the positive gravity anomaly is mainly due to uplift of more
denser basement rock in Gabel Umm shaghir and Gabel El
Asr, however, the lower gravity values indicate sedimentary
basins except at the occurrence of acidic intrusions.

2. Linear Bouguer gravity contours represent regional structures
mainly faults striking in a NE–SW direction. These faults cut
the basement rocks and propagated vertically through the sed-
imentary cover.

3. Closed anomalies of different amplitudes are observed in dif-
ferent parts of the area. These anomalies are negative at the
northern parts of the area and positive at the south. The posi-
tive closed anomalies may reflect uplifted and/or up-faulted
basement blocks, whereas negative anomalies reflect basins
and/or subsided blocks. A large closed positive anomaly
(+3 mgal) representing major gravity high is observed at the
southeastern part of the area adjacent to Gabel Umm Shaghir
and Gabel El Asr. This anomaly extends NE–SW delineating
basement outcrops characterized by a dense fracture system
with an East–West major faults as reported by Said (1990).
Another closed positive anomaly (0 mgal) occurs in the south-
western part adjacent to Bir Safsaf region. This anomaly
extends in a NE–SW direction coincident with Bir Safsaf base-
ment outcrops.
4. A large negative anomaly (�40 mgal) appears in the north-
eastern corner of the area on the Bouguer anomaly map adja-
cent to Qena city. This anomaly has a NE–SW trend parallel,
to the Qena bend of the Nile Valley (Qena–Safaga Shear
Zone). This anomaly may be due to a thick sedimentary
sequence in a local basin.

5. On the gravity anomaly maps of the shale and sandstone layers
separately (Figs. 6 and 7) and the combination of shale and
sandstone layers (Fig. 8), it can be seen that the gravity values
varies from �0.04 to �0.4 mgal and to 0.7 mgal in Fig. 8. The
low gravity values are recorded at the northwestern and central
parts of the study area corresponding to Dakhla and Kharga
regions respectively. These values are compensated with
increasing thickness of shale and sandstone layers. The gradient
in the map is mostly gentle indicating gradual variation in
thickness of the shale and sandstone layers. At the southwest-
ern part of the area the gravity values reaches �0.04 mgal,
where there are smaller amounts of shale and sandstone layers.

6. The Bouguer gravity anomaly map of the basement surface
(Fig. 11) that was abstained after removing the effects of shale
layers (Fig. 6), sandstone layers (Fig. 9), and the combination
between them (Fig. 8) shows separation of the major anomalies
observed on the original map into local isolated closed anoma-
lies pointing to rigid basement surface that may be structurally
and/or topography originated. Also, distribution of the positive
and negative anomalies reflects structures with lithologic vari-
ations in the basement rocks.



Fig. 12. Gravity lineaments deduced from the Bouguer gravity map.
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4.2. Gravity lineaments analysis

The gravity lineaments were detected from the original Bouguer
gravity anomaly map, the gravity map of the basement and the
gravity map of the sedimentary cover (Figs. 5, 10, and 11) aiming
at tracing the structures from the surface of sedimentary cover to
the surface of the basement rocks. Trend analysis of the lineaments
detected from the gravity maps is given in Figs. 12–14. From the
analysis it can be seen that the major gravity lineaments suggest
a deep seated effect are recorded in the sedimentary cover and ex-
tend downward in the basement trend generally in ENE–WSW
direction and locally in N–S and NNE–SSW directions. Dextral
and sinistral sense of movements which noticed from the offset
in fault line of the same strike and opposite downthrown direc-
tions (Riad, 1977) could be detected along some of the ENE–
WSW faults. Along the strike slip fault trends a hot spring were oc-
curred and most of the drilled groundwater wells are flowing. The
groundwater temperature of theses springs or well is ranging be-
tween 30 and 40 �C. The local lineaments are trending in NW–SE,
NE–SW and E–W with limited lengths (5–50 km). Most of these
lineaments are recorded in the sedimentary cover and disappear
in the basement indicating that these structures are of local tec-
tonic effect most probably of shallower occurrence accompanying
major structures.
4.3. Quantitative interpretation

The quantitative interpretation of the gravity data is focused in
preparation of isopach maps of the different predominant sedi-
mentary rock units in the area as well as the construction of sub-
surface geological cross sections. Accordingly, the thickness of
the shale and sandstone layers which represents the sedimentary
cover in the area, was calculated from the Bouguer gravity values
by using Eq. (2).
4.4. Isopach maps

About 120 control points were used to verify the thickness cal-
culations. At these control points the thickness was obtained from
the lithological logs of the deep ground water wells. Finally the ac-
tual and calculated thickness was plotted at each grid node, and
the values controlled to obtain isopach maps of both shale and
sandstone layers as well as the sedimentary cover (Figs. 15–17).
These maps show that the depth to top of the basement rocks in
the study area ranges between 0 at the southern part (as the base-
ment outcrop on the surface) and 1500 m below sea level (b.s.l.) at
the northeastern and northwestern parts of the area. The maxi-
mum thickness of sedimentary rocks was found at west Oweinat,



Fig. 13. Gravity lineaments predominant in the sedimentary cover.

Fig. 14. Gravity lineaments predominant in the basement rocks.
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Fig. 15. Isopach map of the sedimentary cover with contour interval 60 m.
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west Kurkur, southwest of Aswan, Gramashin, Dakhla oasis and
some localities west of Sohag and Qena towns. These areas are con-
sidered as separate sedimentary basins.

The basement surface is characterized by the presence of many
topographic highs and lows. Two large highs can be recognized at
the southern part of the area under study at Bir-Safsaf and Gabel
Umm Shaghir and Gabel El Asr, where the basement crops out in
these areas. To the north of this region the thickness of sedimen-
tary rocks increases and reaches 1500 m at Dakhla Basin. A more
or less N–S trending group of high and low structures can be traced
in the vicinity of El-Kharga oasis and between Kharga and Dakhla
oasis. The Kharga oasis is underlain by a structural high in the
basement rocks. A more or less E–W trending group of high and
low structures in the basement rocks extend parallel to the Dakhla
oasis.

The isopach map of sandstone is very useful for groundwater
exploration as it is an appropriate reservoir rocks. The chances of
finding commercial quantities of groundwater are greater in areas
containing thick sandstones. Areas that have porous and perme-
able sandstone alternating with shale cap rock are considered a
good reservoir rock. From isopach map of sandstone we can recog-
nize that the area of Dakhla Basin and Nile valley Basin and some
localities at southern part of the area in Tushka and West of El-
Oweinat regions can be considered as the best localities for ground
water exploration.
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Fig. 18. Subsurface section AA0 extending from south to north crossing Baris and Kharga oases and the corresponding gravity profile (modified after Abdel Zaher et al. (2009)).
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Fig. 19. Subsurface section BB0 extending from west to east crossing Kharga and Dakhla oases and the corresponding gravity profile (modified after Zaher et al. (2009)).
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4.5. Subsurface cross sections and their corresponding gravity profile

The sections are constructed primarily to show structural
relationships using the sea level as the plane of reference. Four
subsurface geological cross-sections AA0, BB0, CC0 and DD0

(Figs. 18–21) distributed over the study area are constructed to
emphasize the quantitative interpretation process. The thickness
of the shale, sandstone layers and depth to the basement rocks
obtained from the prepared isopach maps were used in con-
struction of these cross sections. The Bouguer gravity values
and the gravity values of shale and sandstone were used in prep-
aration of gravity profiles corresponding to the subsurface cross
sections The information obtained from the sections and the cor-
responding gravity profiles is used to illustrate the general tec-
tonic setting of the basement rocks and also the sedimentary
cover as well as the relationship between gravity values and
thickness of sedimentary cover and consequently the uplift and
subsidence in basement rock of the study area. The sections
and profiles show that the maximum gravity values coincide
with the basement outcrops or basement uplifts, while in con-
trast the minimum values point to thick sedimentary cover.
Steep change from maximum gravity values to minimum values
reflects steep normal faults bounding the basement outcrops and
forming horst and graben structures.
5. Conclusion

The qualitative interpretation of the Bouguer gravity map and
stripped gravity maps showed that the main irregularities in the
gravitational field are caused by uplifted or subsided surface of
basement rocks due to tectonic movements. Three predominant
fault trends are extending ENE–WSW, N–S and NNE–SSW. These
trends are representing deep-seated faulting that affect the base-
ment rocks and propagate upward through the sedimentary cov-
er. Dextral and sinistral sense of movement is recorded along the
ENE–WSW fault trend. This trend is rejuvenated several times
through the geologic history. It is predominant in southern Egypt
crossing both the Western and Eastern Dessert, and forming the
bends in the course of the Nile Valley. Along this zone in the
study area the groundwater wells are flowing and the water
temperature are ranging between 30 and 40 �C due to the ther-
mal activities along this fault trend. Locally, lineaments extend-
ing in a NW–SE, NE–SW and E–W directions with limited
lengths (5–50 km). Most of these lineaments are recorded in
the sedimentary cover only.

The quantitative interpretation of the gravity and drill borehole
data from which isopach maps for the main rock units and subsur-
face cross sections were constructed showed that the basement
surface is characterized by the presence of many highs and lows.



Fig. 21. Subsurface section DD0 parallel to the main course of Lake Naser and the corresponding gravity profile.

Fig. 20. subsurface section CC0 extending from west to east along Owinat–Bir Safsaf–Aswan uplift and the corresponding gravity profile.
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Two large highs can be recognized at the southern part of the study
area at Bir-Safsaf and Gabel Umm Shaghir and Gabel El Asr, where
the basement crops out in these regions. To the north the thickness
of sedimentary rocks increases and reaches 1500 m at Dakhla Ba-
sin. A more or less N–S trending group of high and low structures
can be traced between Kharga and Dakhla oases.
The depth to the top of the basement rock in the study area is
ranging between 0 and 1500 m (b.s.l.) and the maximum thickness
of sedimentary cover observed in Dakhla Basin and north of Nile
valley Basin at Qena and Sohag districts. The chance of finding
commercial quantities of groundwater is greater at the areas
containing a thick sandstones with a shale cap. The shale cap will
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prevent the groundwater from surface pollutants and increase the
hydrostatic pressure that facilitates the extraction process.
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