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ABSTRACT: The main objective of this research is to delineate the subsurface structural lineaments, through applying some
edge detection techniques on the available satellite gravity data in the study area. Satellite gravity data were used in the current
study aiming to mapping of the general structural elements (faults) that govern the geometry of the studied area. And the latter was
used in modeling the subsurface geological structures.

Most short wavelength anomalies, due to different density contrasts, may represent near subsurface features. Some geophysical
interpretive techniques can be used to improve the detection of such edge features. Among such techniques are the horizontal and
vertical gradients of the measured potential fields. Many edge detection techniques, such as the analytical signal, total horizontal
derivative of the tilt angle, and the normalized horizontal derivative, can be used as well. Most of these methods agree in
identifying such structural trends of the subsurface causative sources and their relative horizontal locations. However, the edge
detection resolution decreases as the causative body’s depth increases.

Some of these techniques were applied for the detection of the basement structures within EI-Oweinat and the nearby areas,
Southwestern region, Egypt. The application of these methods on the available gravity data exhibited predominantly NNE-SSE,
NW-SE, nearly E-W and NNW-SSE structural trends.

I- INTRODUCTION

The study of basement structures has some
importance, because the basement setup reveals the
tectonic situation and geologic history of any area.
However, the sedimentary rocks gradually cover the
different tectonic situations of the lineaments, tilted
crustal blocks and ridges, which mask the underlying
basement structures (Braitenberg et al., 2006). Alexander
et al. (2003) also mentioned that structure analysis of the
basement rocks can advance the understanding of the
overlying sedimentary structures and the petroleum
system. Also, the study of the basement structures, not
only benefits the investigation of tectonic structures, but
also helps to detect and explore the probable contained
mineral resources.

The study area is located within the far
Southwestern part of the Egyptian territory. It is bounded
by the latitudes 22°00' N & 24°30' N and the longitudes

25°00' E & 30°00' E, which is covering a surface area of
about 125,000 km?, as shown in Figure (1). It is of some
importance to study such far areas which could be
promising areas for a subsequent study towards the future
national purposes or projects. This is through delineating
the deeper or low-lying basement relief, where could be
of high potential for groundwater accumulation.
Aeromagnetic and gravity surveys are necessary to
establish the depth and shape of the basement rocks
beneath the sediments in the southern part of the Western
Desert. This knowledge is essential to a full
understanding of the underground water reservoir and its
future (EI-Baz, et al; 1978). The current study is focused
on delineating the broad structural trends using some
techniques proposed by many authors, for example,
Cooper (2003), Cooper and Cowan (2008), Cooper and
Cowan (2009), and, Eshaghzadeh (2014). That is to get
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an idea about the effect of such structural elements in
configuring the subsurface section in the study area.
Quantitative analysis of such effects will be addressed in
another article.

1I- GEOLOGY

The study area is, in general, of a sedimentary
terrain, ranging in age from Precambrian to Quaternary,
but with many missing ages in between. It is an arid
region, with a few drainage lines, which are draining, in
general, eastward. The area is of limited subsurface
geologic information, because of the few drilled holes
and the few previous geophysical and geological studies.
Therefore, the main goal of this work is to recognize the
subsurface basement structures, affecting the basement
complex and its overlying sedimentary cover.

Interpretation of the gravity anomaly map and
concluding the probable existed geological structural
features prevailing in the study area, were carried out.
This gravity map was filtered using some different
techniques. Also, the Geosoft and Surfer (version 13)
programs have been used for carrying out the required
analytical operations, using the available map data sets.

11.1- General Geology of the Western Desert

The study area belongs to Al-Wadi Al-Jadid
Governorate (Figure 1) within the Western Desert. In
general, it is considered as a huge platform of
sedimentary sequence, that is thinning southward, while
thickening northward. Specifically, in the study area, the
general higher topography is towards the West, while
becoming of lower terrain towards the East, as shown in
topographic map and its 3D view, (Figures 2 and 3),
respectively.

The study area is a rocky platform of low altitude,
due to the relative plain topography of the Western
Desert. Therefore, most of the geophysical work can be
performed easily along profiles in the E-W and N-S
directions. Most of the sedimentary rock units composing
the Western Desert are dipping smoothly northward. In
general, the Western Desert is dominated by the Nubian
Sandstone rocks at the south, Cretaceous- Eocene
Limestone rocks in the middle, and Miocene Limestones
towards the north. The eastern side of the Western Desert
is characterized by relative smaller thicknesses of
sedimentary rocks, due to the effect of faulting and
folding.

Structurally, the Western Desert shows some
folding features in the subsurface, which could be
divided into three major groups (Said, 1962): N-S
folding, NE-SW folding and NW-SE folding.

11.2- Geology of the Study Area (Oweinat and Gilf El-
Kebir)

The known succession of strata, from older to
younger is as follows: Precambrian basement of schists,
granites,...etc.; Lower Paleozoic Sandstone; rhyolites;

Lower Carboniferous, plant-bearing sandstones and the
'‘Nubian' Series of buff and brown false-bedded sandstone
(El-Baz et al, 1978). In the Oweinat area and at Karkur
Talh (to the north of Egypt-Sudan border, the upper
surface of the rhyolite is smoothed and worn, and the
overlying sandstones are similar in appearance to the
Carboniferous bed at Karkur Murr (to the south of Egypt-
Sudan border. No sandstone was found below the Karkur
Talh rhyolite. If the rocks are the same, a definite interval
must be allowed between the period of rhyolitic
extrusions and the formation of Lower Carboniferous
beds. This is the first indication of Paleozoic volcanism
in the area, which implies the presence of contemporary
hypabyssal and deep-seated acidic rocks. Burollet (1963)
and Mahrholz (1965) worked on the nearby Libyan
outcrops, where they were able to establish Cambro-
Ordovician and Devonian clasticsections, both
unconformably resting on the Precambrian gneisses.
Also, a Devonian age is given to the clastics west of the
Gilf El-Kebir, while the thick sandstone section forming
the Gilf itself is believed to be of Jurassic-Cretaceousage.
The Upper Cretaceous marine boundary was shifted
several hundred kilometers further south of Abu Ballas
twin hills.

11.3- History of the Stratigraphic Sequence

The oldest rock outcrops in the Oweinat - Gilf El-
Kebir area are the Precambrian granites, granite gneisses
and diorites, which form a northward-projecting outcrop
of the main African Shield. During the Paleozoic, several
intracratonic basins were formed within the shield and
the sediments of this era filled those basins. One example
of the intracratonic basins is the Oweinat — Gilf EI-Kebir
area (El-Baz et al, 1978). The general stratigraphic
sequence of the area is demonstrated in Figure (4).

11.3.a- Palaeozoic rocks: In the Oweinat-Gilf El-
Kebir area, three Paleozoic units were recognized, which
have considerable areal extent. The basal unit is made up
of hard quartzitic sandstone beds interbedded with
highly consolidated conglomerate and syenite porphyry
sheets. This unit assumes a thickness of approximately
20 meters and fills concavities and undulations in the
Precambrian  granite-granodiorite-complex  surface
between Gebel Oweinat and the Gilf El-Kebir area. A
similar unit was recorded by Burollet (1963) on the
western side of Gebel Oweinat, the Hassaouna
Formation, which is assigned to the Cambro-Ordovician
interval. As to the middle and upper units of the Paleozoic
rocks, the lower contact with the basement complex is
highly kaolinized. The top surface is an erosional surface,
which stretches northward for almost 130 km. It forms
benches, which in the Oweinat area, are capped by
approximately 20 meters of interbedded sandstone,
phonolite and trachyte.
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Figure (1): Al-Wadi Al-Jadid Governorate within which the study area lies.
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Figure 2: Topographic map of the study area.
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Figure 3: Three-dimensional view of the topographic map.
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Figure 4: Geologic cross-section of the Gebel Oweinat-Gilf Kebir. Horizontal distance is 200 km
(El-Baz; et al., 1978).

Northward and west of the Gilf El-Kebir, another unit of
sandstone thickens gradually between the Cambro-
Ordovician unit and the upper sandstone section. This
middle unit is approximately 120 meters in thickness and
forms the surface of the desert west of the Gilf El-Kebir,
and the hills of Umm Ras and Abu Ras, near the Libyan
border, atlatitude 23° 50" N. On the other hand, fossil
plants from the upper unit in the Oweinat area assign it to
Carboniferous.

After the deformation and plutonism of the
Precambrian, the entire shield was uplifted and warped
into broad intracratonic basins, in which the sequence of
Paleozoic and volcanic rocks was accumulated. Although
instability for some periods during the Paleozoic, as
witnessed by the immense volcanic sheets and flows of
that era and the uplifting of the Oweinat high trending

NE-SW, no serious deformation has occurred since then
(El Ramly, 1972).

11.3.b- Mesozoic rocks: The Gilf EI-Kebir is made
up of a thick sandstone unit, which unconformably
overlies the Paleozoic section. The lower contact is
kaolinized, while the top of the Gilf is characterized by a
very hard quartzitic wall-like bed of three meters thick.
The sandstone is of variable colors, showing wide
textural and lithological variations. To this stratum; the
name 'Gilf Sandstone' is here given. At the northeastern
corner of the Gilf Plateau, clays intercalate the upper part
of the sandstone section, which yields Upper Cretaceous
fossils, comparable to the Dakhla and Duwi Formations,
in the Kharga-Dakhla oases stretch. It is evident that, the
Gilf Sandstone is comparable to the Nubian and the
subsurface sandstonesection in the area of the oases. This
subsurface section is considered Jurassic by Helal (1966),
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Kedves (1971) and Saad & Ghazaly (1976). It thus seems
feasible to assign the Gilf Sandstone to the Jurassic at the
base and to the Upper Cretaceous at the top. The Upper
Cretaceous Nubian Sandstone covers a great tract of the
whole country south of the Kharga depression. It adjoins
southwards of Bir Tarfawi and Bir Sahara against either
the basement rocks or Paleozoic sandstone to the west.

11.3.c- Cenozoic (Quaternary) Rocks: A huge
patch of Quaternary deposits has been recently mapped
from the Bir Sahara-Bir Tarfawi area and further south,
encompassing nearly 10 000 km?. Lacustrine diatomite,
limestone, carbonaceous silt and old sand dunes are the
main types of sediments associated with the cultural
remains of Upper Acheulean to Final Acheulean,
Mousterian, Aterian and Historic ages (Wendorf, 1977).

11.4- Structural Setting

The general flatness of the Western Desert of Egypt
is its most striking feature. Rock beds are nearly
horizontal and only in rare cases, significant angles of dip
can be noticed (Figure 5), e.g., at Karkur Talh (Oweinat),
where several short E-W faults exist. The main faults in
this part of the desert are normal gravity faults, including
the Gilf fault, which extends about 150 km in a NNE
direction on the western side of the Gilf El-Kebir; the
Kemal fault, which is also 150 km long and trends in a
NW direction along the western Gilf; and the Tarfawi
fault, which skirts the western side of the Tarfawi igneous
mass and runs over 220 km in a NNE direction. The
distribution of the basement rocks, and the type and
thickness of sediments, reflect several phases of
structural development. Of importance are the two main
igneous bodies at Oweinat to the west and at Tarfawi to
the east. Between these two main masses lies the thick
clastic section of the Gilf Sandstone indicating a basin of
significant depth and continuation.

The Lower Palaeozoic sediments are poorly
represented in the Oweinat area, while the Devonian-
Carboniferous are better developed and show evidences
of being slightly folded. This folding and the igneous
intrusions may indicate post-Carboniferous orogenic
movements, that resulted in the Oweinat high. The
configuration of the Gilf basin is bounded eastward by
the Tarfawi high. Because the sediments within the
Tarfawi high are mostly of Cretaceous age and younger,
it appears that the rise of the basement was initiated
during a much later date than that of the Oweinat high.
The only igneous rocks associated with this later
movement are the basalts of Cretaceous-Oligocene age.
Northward, extrapolation of these highs and lows makes
it obvious that, the Tarfawi high trends north-northeast to
join the Kharga swell. The Gilf basin, which assumes
nearly the same trend, is believed to be a southern
extension of the Dakhla basin, while the Oweinat high,
also of the same trend, is mantled by the thick cover of
the Great Sand Sea to the north. The fact that the western
part of the area had been very active during the Late
Paleozoic-Early Mesozoic whereas the eastern part
shows signs of being unstable during the Cretaceous and

Early Tertiary points to an eastward shift of tectonism
with time.
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Figure 5: General structural framework of the
NSAS, adapted from Klitzsch (1984), Klitzsch
and Wycisk (1989)

11.4.a-The Surface Geological Units encountered
within the study area are identified from the surface
geologic map of Egypt, as shown in Figure 6.

I11- GEOPHYSICAL WORK

Horizontal and vertical derivatives of the potential
field anomaly data have been used for many years to
detect the subsurface geologic inferences. Studies of edge
recognition techniques have demonstrated that, the
extreme point of the first horizontal derivative and the
zero point of the first and second-order vertical
derivatives correspond to the edge of the vertical fault
(Cordell and Grauch, 1985; and Hood and Teskey, 1989).

Cordell and Grauch (1985) introduced some
techniques to locate the horizontal positions of density or
magnetization contrasts. Also, Hansen et al. (1987) used
the magnitude of the horizontal gradient and the
analytical signal to enhance the detection of edges and
dips in gravity data. Cooper (2003) has developed a sun-
shading technique, which is a directional filter to enhance
the features in certain directions and suppress the linear
features, which are perpendicular to the desired
directions. Determining the locations of the subsurface
magnetic bodies was done through the tilt angle
technique, which was developed by Miller and Singh
(1994).
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Verduzco et al (2004) improved the use of this
technique to be used with gridded data, through the use
of the total horizontal derivative in the tilt angle
technique. In the current study, two techniques have been
used, the Tilt Angle Map (TAM) and the Enhanced Total
Horizontal Derivative of the Titl Angle (TA-THDR).

111.1- Gravity Data

Gravity anomalies are considered the results of the
subsurface geologic inferences of different shapes,
densities and depths. Linear anomalies are of special
importance to the geophysicists, where they may reflect
the presence of buried fault elements, or rock contacts or
other tectonic or geological features. The fault elements
always disrupt the continuity of the subsurface geological
units, that of different densities and play a crucial role in
the potential field data interpretation. Great deal of
previous work has been done for detecting the structural
edges from gravity data.

Due to the lack of ground gravity data for most
portion of the study area, the data that were mainly used
in this study are the Satellite gravity data derived from
(Sandwell and Smith, 1997) and confirmed through
(Bonvalot et al, 2012, BGI). The Satellite gravity data
were used in the present study for some plausible aspects,
for example: in case of areas where no ground data are
available, their low cost (almost FREE), good areal
coverage, and the ease to use, where the satellite data are
usually obtained as gridded data.

Many authors used the Satellite-derived data in
their studies. For example, McGinnis et al (1979),
Hackney and Featherstone (2003), Trung et al (2004),

e\
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Figure 6: Surface Geologic map (CONOCO, 1987).
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Aboulela (2012), Ana et al (2014), Alkdagry (2015), and
many others. Among those authors, Aboulela (2012)
used the Satellite Gravity Data to study the tectonic
settings of the northern Egyptian continental margin, and
Alkdagry (2015), used the Satellite Gravity Data through
the study over the Melut Basin in Sudan.

For checking the reliability of the used Satellite
gravity data, they carried out comparisons (along some
profiles in their work) between the obtained Satellite data
and the gained gravity data from the marine survey
(Aboulela; 2012), as shown in Figure (7), or with the
measured ground gravity data (as Alkdagry, 2015), as
shown in Figure (8). They found out that, the Satellite
data showed only minor deviations with acceptable high
matching between the Satellite data and the marine or the
ground gravity-surveyed data of the studied areas, as
shown in the figures below (Figures 7 &8).

Also, due to the lack of the gravity data in the study
area, the author compared the Satellite data in other
different surrounding areas, where the gravity data were
available from the General Petroleum Company (GPC,
1984). Visual inspection showed only minor
discrepancies between the gravity contours distribution
between the GPC gravity maps and the Satellite gravity
data.

For the current study, the Satellite gridded gravity
data were originally obtained, as free air anomaly (FAA)
data, as shown in Figure (9), together with the elevation
data for each point. This combination of data was used to
compute the Satellite-derived Bouguer Anomaly (BA)
values for each gridded point in the study area.
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The theory about the Bouguer anomaly calculation
from the gridded data of the free air anomalies and
topography (or bathymetry) data can be summarized in a
few steps as follows. First, correction of the Bouguer slab
(Bullard A), which approximates the topography (or local
bathymetry) with a plate of infinite lateral extension of
constant density and thickness equal to the elevation of
the point with respect to the sea level. Second, carrying
out the curvature correction (Bullard B), this replaces the
Bouguer plate by a spherical layer of the same thickness
and surface. Third, performing the topographic
correction (Bullard C), this deals with the effects of the
surrounding topography above and below the station
(Anaetal, 2014).

Then, the Bouguer Anomaly was computed using a
FORTRAN program FA2BOUG developed by (Fullea et al,
2008), that calculates the Bouguer anomaly for land (and
sea) grids. The input is sets of global grids of free air gravity
anomalies and elevation (or bathymetry). The program
calculates the corrections Bullard A, Bullard B and Bullard
C, producing the needed Bouguer Anomaly data.
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For the current study area, Figure (10) illustrates
the obtained Bouguer gravity anomalies distribution that
was generated using the kriging or minimum curvature
(gridding) method to interpolate the data with a grid
interval of 1 km x 1 km. The obtained Bouguer gravity
anomaly displays several anomalous features of varying
trends and amplitudes. In general, higher gravity values
range from 15 up to slightly higher than 45 m.gal are
within the western half of the gravity map, while lower
gravity values range from less than 0 up to about 25 m.gal
within the eastern half. The NW high elongated trend
anomaly dominates, which reflects the Gilf El-Kabir
structural high. There is another general N-S high
anomaly. In the central part of the eastern half, the
anomaly is relatively stronger (about +25 mGal) than the
surroundings. Obvious NE trend can be seen, with some
parallel smaller highs and lows. This gives the area the
characteristics of some depressions related to uplifts in
the general N-S and NE-SW extending gravity high and
gravity low, that lie generally in parallel.
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111.2 Steps of Methodology:

111.2.a- Residual Separation using the Polynomial
Procedure:

The gravity and magnetic data represent a
combination of the effects from the deeper and shallower
causative sources. Anomalies with long wavelength
(large width) are generated due to deeper sources, while
short wavelength anomalies are due to shallower sources.
Different techniques can be used for isolating the residual
short wavelength from the regional trend long
wavelength component. The regional-residual isolation
based on polynomial fitting was proposed by Beltrao
(1991), in which the coefficients are determined through
a procedure of iteratively re-weighted least squares
solutions. By successively assigning small weights to
large residuals, their influence in the fitted regional is
minimized, regardless of the "true™ residual anomalies
signs. It is a process that is insensitive to small departure
from the idealized assumptions, for which the estimator
is optimized.

Also, Abdelrahman et al. (2003) presented a
procedure to select the optimum polynomial order, based
on the correlation between the residuals of successive
orders. It is concluded that the success of this method
depends on the accuracy with which the residual anomaly
is separated from the observed gravity anomaly. The
residual gravity map is important in defining the
geological structures and boundaries, which are targets of
geophysical exploration. It is noted that, polynomial
fitting (trend surface analysis) provided the best
numerical approach. Therefore, it is more appropriate to
compute from a gridded data, the best fit smooth surface
using the least-squares polynomial fitting order and then
remove the regional background.

The residual gravity map will be useful for the
determination of the thickness of the basins and the study
of the underlying depth-to-basement variations. In
general, it will also be convenient for tectonic studies,
anomaly transformation and mineral exploration.

The mathematical background of this regional-
residual isolation technique can be reviewed from many
textbooks and research papers. The author tried to solve
a number of normal equations of the least squares
problem. Their solution yields the unknown coefficients
(€1, C2, C3) Of the equation:

[T(X,y) = Cat CoX + Cay] 1)
By which, the regional can be estimated at any

gridded station of a certain "'x"* and ""y"* coordinates.

In this method, the regional and residual fields are
represented by low and high order surfaces, respectively.
The observed gravity anomaly is approximated by a
power series. The regional field g along the x-axis can
be represented by:

g=a+alx+aZx? +a"x" )
where; 'n** is the order of the polynomial being
used to approximate the regional field.

The coefficients are evaluated using the principles
of least squares and the trends of different orders (n) are
computed. One of the low order trend, (say 2, 3, ...) is
selected as the regional field, and its difference from the
observed field is the residual field. However, the
selection of the order of polynomial (n) to represent the
regional field is quite arbitrary, and depends considerably
on the experience of the interpreter.

If the depth to the shallow sources is known in
certain cases, for example, from the previously-studied
seismic profiles or borehole information...etc, some
constraints on the order of polynomial can be imposed,
that will provide the right magnitude of the residual field
at these points.

Accordingly, The first step: was the computing of
the residual gravity anomaly by removing the second
order polynomial surface from the Bouguer anomaly
map. The degree of polynomial usually increases with
increasing in the size of survey area. The second order
polynomial fitting, based on the least square, was adopted
in separating the regional and residual fields in the
Bouguer gravity anomaly map of the study area. The
Bouguer anomaly data was gridded using the Surfer (13)
program, based on gridded data at approximately 1 km
interval. The gridded data now has a uniform distribution
of observation points, on which the polynomial fitting
technique was applied.

The obtained regional map is shown in Figure (11).
Figure (11) shows a second order polynomial of the
regional field, which almost coincides with the smoothly
varying field drawn, based on the visual inspection, as
discussed above. In this Figure, the regional field shows
gravity “high” towards the west and a gravity low
towards the east, where the regional being fitted to the
data is a two-dimensional second degree polynomial
surface in the form:

y = 1.8403x? - 106.37x + 1545.6, with R2=0.8921 (3)

Then, using the obtained regional map, the residual
map (Figure 12) is produced by subtracting the obtained
regional data from the whole Bouguer anomaly map data.

Also, the residual causatives within the basement
rocks were delineated, as shown in Figure (13). The
anomalies did not show much variation within the
basement rocks. This reflects the more relative
homogeneity within the basement rocks' lithological
characteristics, except in some places, that show the
dislocations existed within the basement rocks.
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Figure (12): Residual gravity anomaly map computed by removing a second order polynomial surface
(regional) from the Bouguer gravity anomaly map (within the sedimentary section).
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111.2.b- First Vertical Derivative

Usually, the derivatives are used to sharpen the
edges of anomalies and to enhance shallow features. It is
stated that, the vertical derivative map is much more
responsive to local influences than to broad or regional
effects and therefore tends to give sharper picture than
the map of the total field intensity. Thus, the smaller
anomalies are more readily well-seen in area of strong
regional disturbances.

In fact, the first vertical derivative is used to
delineate the high frequency features more clearly where
they are shadowed by large amplitude, low frequency
anomalies.

From GEOSOFT Inc., 1996:
L(r} =", with: n is the order of differentiation.

The First Vertical Derivative (FVD) can be used to
delineate the anomalous source’s boundaries while
limiting the high frequency amplification. The FVD can
be calculated in the frequency domain by using the
similar Fourier transform pair.

The concept of calculating the first vertical gradient
is that, the surface ground data can be continued to a few
centimeters above the surface. Then, calculating the
gradient by subtracting the up-warded resulted data, from
the ground surface data and dividing the difference by the
height difference. Relation used for the upward
continuation is based on the Fourier Transform method
(Grant and West, 1965).

Accordingly, The second step: the first vertical
gradient of the residual gravity anomaly was calculated
using the Fast Fourier Transform (FFT) algorithm
developed by Gunn (1975) and the results are illustrated
in Figure 14, (values are multiplied by 1000).

111.2.c- Upward Continuation

Since short-wavelength noise, may exist in the
obtained first vertical derivative data, due to different
reasons (e.g. gridding artifacts, cultural noise, in
general,...etc), that may interfere with the geologically
meaningful lineaments, and is magnified when the subtle
and short-wavelength anomalies are enhanced.

It is better that, these noises should be suppressed
before proceeding in later work steps. For these noises
suppression, some techniques can be considered, such as
band-pass  wavelength  filtering, slight upward
continuation, or smoothing with convolution filters.
Band-pass filtering requires assuming the cut-off
wavelengths, can smear the separation due to the non-
vertical filter roll-off, and can contaminate the data by
Gibbs ringing. By experimentation, upward continuation
(usually by one cell size or at least its fraction) was found
to be the most effective way for the gravity data noise
cancelling in the study area.

Upward continuation uses wavelength filtering to
simulate the appearance of potential-field maps, as if the
data were recorded at a higher altitude. Short wavelength
anomalies are suppressed preferentially.

Among the advantages of the upward continuation,
the large-scale regional anomalies due to deep-seated
features pattern can be revealed. Also, the main
orientation of geologic features in the subsurface is
revealed by the orientation of potential-field anomalies in
the upward-continued maps.

Accordingly, The Third Step was estimating
the upward continuation of the 1%vertical derivative (1%
V.D.) field, that is to reduce the noise effect of the 1%
V.D. response. The upward continuation was performed
at two higher levels above the earth's surface and the
results obtained were presented in Figure (15) (for the
lower altitude) and Figure (16) (for the higher altitude),
(values multiplied by 1000).

111.2.d- Tilt Angle

Usually, gravity maps are used to locate the
geologic contacts and the boundaries of geological
formations. These maps have signals of different
amplitudes, that originate from sources with different
geometries, located at different depths and with different
density properties. Long ago, the vertical derivatives
have been used to delineate the edges in gravity and
magnetic field data (Evjen, 1936; Hood and Teskey, 1989
and Thurston and Smith, 1997). But also, in recent years,
many meritorious authors demonstrated the use of the
Tilt Angle (TA) technique in the edge detection of the
subsurface anomalous features and also other improved
methods have been introduced. For instance, the tilt angle
(TDR) (Miller and Singh, 1994), the Theta map (Wijns et
al., 2005), the total horizontal derivative of the tilt angle,
as an edge detector (THDR) (Verduzco et al., 2004), the
horizontal tilt angle (TDX) (Cooper and Cowan, 2006),
the balanced analytic signal (Cooper, 2009) and the
normalized horizontal derivative (Ma and Li.,2012).

Figure (17) shows that the tilt angle (¢) concept. A
map of (¢ ) can therefore be considered an image of the
tangent of the angle.

The geological model illustrating the geological
contact or fault (modified from Klingeleet al., 1991) is
shown in Figure 18.

Oruc (2011) has inferred that, the tilt angle (¢) for

a vertical contact model (=90°) can be written as:
- -1 X—Xo
$=tan? (72 ()
If z =0, as the observation plane, ¢ = tan (—>2),
0

where the value of the tilt angle equals“zero" radians at
the measuring point (x = Xo) above the edges of the

contact.

First, Miller and Singh (1994) introduced the tilt
angle, that is the ratio of the vertical derivative (3G /0z)
to the value of the total horizontal derivative (THDR),
which is defined as:

TA (4 = tan?(2222) (5)

THDR
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Depth

v

Figure (18): 2D sloping contact model, d is the
dip (measured from the x-axis), z0 is the depth to the
top of the contact,xo is the horizontal location,
and p is the rock unit's density

Also, Verduzco et al. (2004) developed the tilt
angle filter and redefined this filter as:

0G0z ) 6)

V(0G/3x)2+ (8G/ay)?

TA (¢) = tan'l(

Where: "G" is the magnetic or gravity field, and
dG/9x, 0G/dyand 0G/0z are the first derivatives of the
field "G" in the x, y and z directions.

An important feature of the TA is that; the
amplitudes of strong and weak anomalies can be
balanced effectively, which is effective in allowing
anomalies to be traced out along-strike, while being
relatively insensitive to the depth of the source (Miller
and Singh, 1994).Due to this, the TA has the equal
attribute for different depth sources, and is able to
detect the boundaries of deeper sources, which are
often swamped in the larger responses of shallower
sources. Verduzco et al. (2004) have demonstrated
that, the TA values are restricted to values between
+m/2 and -n/2 (+ 90° and-90°), due to the natural
property of the arc-tangent function. Added, if the
density contrast is positive, the tilt angle value is
positive when over the source, passes through zero
when over or near the edge, where the vertical
derivative is zero and the horizontal derivative is a
maximum and is negative outside the source zone.

Note that, the zero contours of the TA delineate
the spatial location of the edges of the models,
responding well to the edge locations. The TA is useful
in imaging the edges, although the models are located
at the different depths.

Accordingly, The Fourth Step was evaluating
the TA maps used in recognizing the horizontal
locations and relative depths of the expected geologic
contacts. The TA technique was implemented on the
three data sets of the 1% VD without upward
continuation, the 1% VD with lower upward
continuation and the 1%t VD with higher upward

continuation. The results are illustrated in Figures (19,
20, and 21), respectively. Figure (22) is a tilt angle
map of the basement complex showing the lithological
variations rather than the structural dislocations.

And, Figure 23 shows the deduced structural
lineaments from the tilt angle of the upward-
continued maps (Figs. 20 & 21).

I11.2.e- Total Horizontal Derivative of Tilt Angle

The horizontal derivative concept was discussed
by many authors, among them, Ferreira et al (2011),
Ferreira et al (2013) and many others. The total
horizontal derivative of the tilt angle (TA-THDR) map
(Figure 25) was further proposed by Thurston et al.,
(1997) to enhance the edges, and is calculated as
follows:

For the grid data, the TA-THDR is (Verduzco et
al., 2004):

TA_THDR = (f%)2 + (‘%‘*)2 ©)

and for the profile data in the x direction:

dTA

TA_THDR = |§ ®)

The TA-THDR maxima are centered over the
body edges, which include some narrower features
before coalescing into a single peak. TA-THDR
inherits the advantage of TA and is free from the
constraints of the tilt angle of the geological body;
therefore, it is better adapted for detecting the field
source boundaries with any tilt angle. Figure 26 shows
the interpreted lineaments from the THDR of TA map.

Roy et al (2017) have demonstrated that TA and
its horizontal derivative are found to be sensitive to
noise, while the upward continuation was proved to be
an effective tool to handle the issue of noise
contamination. Figure (27) is the lineaments' relative
expected depth map, where, (H) points to relatively
higher zones and (L) points to relatively lower zones.
Number of arrows' segments is directly proportional to
the expected lineament depth.

Figure 28 shows the combined fault elements
deduced from T Abasement depth map and TA for the
UWC map.

Figure 29 is a rose diagram showing the
predominantly structural trends in the NNE-SSE, NW-
SE, nearly E-W and NNW-SSE directions.
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24:30 N 1

1
<
21 > LeH y¥ 989 ¥,
k A I AR L << ~ 3 L R NI
» D XE ™R o 2« g
- « 3 N H Ry M SH2 L ««
e s i Lo By g O ¥ Ly el s
HA<> o8 LY LYLSs 72 A% 2% T4 H
e« 2 ” [T S~ O I
Fad 2 UK SO a2 H» L‘3'H>>"‘1'
23:30 N A o RN « Y L(«« H 2 0 > T -
AL <y “e H 7 bagy LIF 2 s
«:L A CHy v < \—L\\: &"lin "E‘l'\‘—‘»lx « A A))I:\l'Ll.-l_h
5 N [ ) A Ty ~
=
23:00N—(¢L«H P20 ))7L((:\ 3 I'"_I{\\,\‘ Lqi_ ’F~j' R LLH»\‘«‘ ¥ o o
[ T
CHEH ) 5.y H
“ » Lt"’ _'n. J‘L 4, Y « H LLLH»»L PR AL oy
9 \'\-I'I'Iv 4 ss KRR e .'L S I rr\,;' g1 c B
22:30 E M g A & 4 LY, o A
= T L Vr ® »:,3»» s :'\ u«e »g‘lznl- AT |
Ay AR al_‘i—H WL A sy Aa L o __sokm
22:00 NA—& 3 »> «<H »
. N 1 1 1 1 1 1 1 1 1
25:00 E 26:00 E 27:00 E 28:00 E 29:00 E 30:00 E

Figure 27: Lineaments' expected relative depth map. H=high zone& L=low zone. Number
of arrows’ segments is directly proportional to the expected lineament depth.

24:30 N
\ A
“: A ! e Vs
24:00 M b N /( 7 L
~ (| N4
R A ~ \
23:30 NN TN Ne \\ =
~ ~ Yo\
A0
A N g N
23:00 N ) FA R
A\ B4 F >
A L *.'."‘ﬁ- I‘ > A
P
22:30N A t -
I—
22:00 N T T T T T T T T T
25:00 E 26:00 E 27:00 E 28:00 E 29:00 E 30:00 E

Figure (28): Combined expected fault elements of both TA basement map and UWC TA map.
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Figure (29): Rose diagram showing the predominant
structural trends affecting the study area.

IV- CONCLUSIONS

The application of edge detection techniques on the
available gravity data, of the far southwestern area of
Egypt showed that, almost all filters exhibited
predominantly NNE-SSE, NW-SE, nearly E-W and
NNW-SSE structural trends

The Tilt Angle Maps (TAM), as obtained from the
gravity vertical gradient in its simplest form assumes
that, the source structures have vertical contacts. The tilt
angle of the vertical gravity gradient is a very useful
interpretation tool, since it provides a simple and clean
image.

The technique tends to enhance mapping of the
subtle gravity anomalies, and maximizes characterizing
the geometrical contrast of the anomalous sources. The
coherence of results indicates that the method produces
satisfactory depth estimates under noise conditions.

The main advantage of this technique is that it
enhances the amplitudes in areas with smooth anomalies,
without sacrificing the long-wavelength information.
Therefore, the spatial images of the TAM reflect different
attributes of linear features, such as faults, contacts, and
edges of basins and uplifts. The TAM and Edge
Detection (ED) can be applied in the process of
interactive interpretation of the gravity anomalies. While
both methods have been able to delimit the edges of
structural features in the sedimentary terrains, it is
evident that, the TAM images have clearer indications of
utility than those of the ED solutions. Because the
analysis of TAM is only based on the contours of three
angles (0, ©/2 and -w/2 radians), the TAM images are
easily interpreted by following these contours.

The TAM and ED images contain many details for
detecting the edges of anomalous sources and some
further analysis would improve the gravity interpretation.
However, the TAM images should be compared with the
ED solutions since the ED provides and helps to identify
the source geometries. Thus, the ED confirms the results
from the TAM under the assumption that, the edges of
anomalous sources are caused by vertical contacts.

This correlation is the easiest way to confirm the
horizontal locations and relative depths of the edges,
especially when there is a lack of any geophysical data in
the corresponding area.

The results obtained from this study provide
valuable information for geologists and petroleum
engineers to delineate the horizontal location of the
buried faults, contacts and other structural and geological
features.
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