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Abstract: In this study, we attempt to delineate the subsurface structures for the
tectonic active region of Northern Nasser Lake using integrated interpretation techniques
of gravity data with seismicity. The depths to the gravity sources, and the locations of the
contacts of density contrast were estimated. Two methods were used for estimating source
depths and contact locations: horizontal gradient (HG) and Euler deconvolution methods.
Moreover, power spectral analysis, bandpass and upward continuation techniques were
applied to evaluate the shallow and deep seated structures. Shallow depth structures
were ranging between 0.30 km and 0.80 km. However, two average levels (interfaces) at
depth 3.1 km and 7.2 km below the measuring level were revealed for the intermediate
and deep seated structures respectively. Results of Euler deconvolution method suggested
that, in the eastern part of the area, the basement could be observed on the ground and has
become deeper in the central part. The interpreted structural map reveals that the area is
affected by a set of faults trending mainly in the NW, E-W, N-S and NE-SW directions.
Actually, this map has confirmed the idea that the intersections between the N—-S and E—
W striking faults along Nasser Lake area have generated seismic pulses. Moreover, three
seismic zones (Z1, Z2 and Z3) are well correlated with the fault trends of the subsurface
structures as derived from the horizontal gradient map. The present results suggest that
there exist seismically-active fault east of High Dam, passing throughout Aswan reservoir
from north to south. This fault is occupying region of high stress values which may
generate large earthquakes in future, as it has long extension over several kilometers.
Furthermore, the evaluated intruded volcanic bodies are found almost at the intersections
between the E-W and NW oriented faults. Finally, the area is dissected by basement
uplifts and troughs controlled mainly by the NW-SE faults.

Key words: Aswan reservoir Lake Egypt, Bouguer data, Euler deconvolution, horizontal
gradient, power spectral analysis, filtering

1. Introduction

The study area is occupied by northern part of Nasser Lake (Fig. 1), which
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has started to fill due to the Aswan High Dam construction early in 1964,
and to form one of the largest man-made reservoirs in the world. It is
extended over 500 km in southern Egypt and northern Sudan along the
main course of the River Nile. The Aswan High Dam is considered as a
unique structure among all large irrigation and electric power projects in
the world. It was evident through previous geological and geophysical stud-
ies that Nasser Lake has affected the tectonic stability of the Aswan region,
since water penetration through open fractures and other tectonically weak
zones in the submerged land has significantly contributed to further fractur-
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Fig. 1. Location map of the area of study. The E-W and the N-S fault systems are also

shown. The location of subsurface lithologic log of drilled well (W1) is also shown (see
Fig. 3).
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ing and reactivation of some pre-existing faults (Kamel and Elsirafe, 1993).
The gravity method is one of the best geophysical techniques for de-
lineating subsurface structures. The present study is based on qualitative
and quantitative analysis of the gravity data to delineate both shallow and
deep basement structures and present a new perspective on the subsur-
face structural setting at Nasser Lake area. For that purpose, the gravity
data were subjected to spectral analysis in order to distinguish deep sources
from shallow sources. The data were transformed to the frequency domain
and regional /residual separation was made using bandpass filter based on
the power spectrum. We attempt also to map the subsurface structure
and estimate the depth to the basement and the location of some intruded
(volcanic) bodies which erupted beneath the area of Nasser Lake (in the
Upper Cretaceous era) during the regional uplift associated with the north-
ern Red Sea rifting. This study is based on the analysis and interpretation
of the Bouguer gravity data applications of gradients (filtering, horizontal
gradient, and Euler deconvolution) and also on the available surface and
subsurface geologic information. The advantage of these techniques is that
they provide source location parameters using only a few assumptions.

As far as earthquakes are concerned, it is necessary to correlate between
the seismicity and subsurface structures for seismic sources identification;
especially if the study area includes the High Dam. As the population
of Aswan is getting agglomerated in the form of urban clusters and great
projects, the risk of economic and human loss due to seismic hazard is in-
creasing. This study provides the seismic segments in north Aswan area,
where the High Dam exists, as an important requirement for earthquake
engineering and in seismic micro-zonation study.

2. Surface geology, structural setting and seismicity of the
reservoir area

Nasser Lake overlies mainly the basement rocks (Precambrian rocks), which
is outcropping on the eastern bank of the Lake. Igneous and metamorphic
rocks made up the Precambrian formation (Fig. 2). The Nubian Sandstone
is flat lying, relatively unreformed and gently dipping west, while it ranges
in thickness from 250 to 400 m beneath the western extent of the reservoir
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Fig. 2. Simplified geological map of the studied region (modified from Issawi, 1969). The
active seismic zones are shown in the figures. Also, the location of subsurface lithologic
log of drilled well (W1) is shown.

(Issawi, 1969; 1978; 1982). Most of the southwestern part of Aswan region
is covered with forel and sediments ranging in age from Cretaceous to Qua-
ternary, with some exposures of igneous and metamorphic rocks (Fig. 2).
The sedimentary section in the studied area is thin and consists of a succes-
sion which unconformable overlies the basement rocks (Fig. 3). The studied
area belongs to the stable shelf (Said 1962). In other modified classification,
it is included in the Archican Nubian shelf (Meshref, 1990; Fig. 4).
Structurally, the region is cut by a coupled set of E-W and N-S faults
(Figs. 2 and 5), which appear to be vertical and extending into the granitic
basement (Issawi, 1978). These two sets intersect beneath the Gebel Marawa
area (Fig. 2). The Kalabsha E-W fault strikes through the center of Wadi
Kalabsha, passing south of the Limestone plateau (Sinn El-Kaddab plateau).
The most prominent topographic feature in the Nubian plane is Gebel
Marawa, an outlying remnant of the limestone plateau, which lies in a slight
synclinal depression on the Kalabsha fault directly above the most active
zone of seismicity (Fig. 5). A number of the synclines are found along the
fault, associated with minor pull-apart structure, which may be related to
the offset, strike-slip segments of the Kalabsha fault. Some of the fault
trends show surface topographic expression as lineation of highly resistant
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ridges. These ridges are formed of iron-rich material that permeates the
fault zones. This material is of lower permeability than the surrounding
sandstone, so that the fault segments may form vertical dykes and prevent
horizontal water spreading towards west. The November 1981 earthquake
and the subsequent seismicity have occurred mainly on the Kalabsha fault
trends, beneath the largest embayment (Wadi Kalabsha), which extends
westward 30 km from the main body of the reservoir.

The Aswan High Dam is located in

"W1" Drilled Well a region of very infrequent earthquakes
occurrence as revealed by the long his-
Sandstone torical record extending to Pharaonic

- times (Kebeasy, 1990; WCC, 1985). On
Clayey sandstone

the other hand, instrumental catalogues
report no events within 20 km around
the Aswan area (Kebeasy and Gharib,
1991). However, it appears that some

Sandstone

e low magnitude seismic activity may have
Clayey sandstone . .

@ occurred near the reservoir, after filling
- began and prior to November 1981 (Ke-
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8 1981, an earthquake of magnitude Ms =
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S lowed by numerous aftershocks. Mainly,
3 the seismicity of the area is concentrated
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2 along Kalabsha fault, including some

Clayey sandstone S€ismic swarms occurred in 1982, 1983,
1984 and 1987.

Seismic active zone of Aswan is the
Fig. 3. Subsurface lithologic log of W1 closest active S eismi(? zone to the High
drilled well (location is shown in Figs. 1 Dam, the main project of Egypt that
and 2). controls the electricity and irrigation.

Because of the presence of the first lo-
cal seismic network around the area, some detailed studies were carried out
concerning the seismic activity in the area, for the safety purpose of the
High Dam, e.g. Mohamed (1997; 2001).

Mohamed et al. (2008) have modified the seismicity map of Aswan area

Weatherd Granite
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Fig. 4. Sketch of the structural aspects of Egypt (compiled after Meshrif, 1990).

during the period 1981-2006, which shows the following eight seismic clus-
ters (Fig. 5); these zones were grouped according to spatial distribution and
the level of the seismicity as what follows:

1 — West High Dam zone, 2 — Northern old stream channel zone, 3 — South-
ern old stream channel zone, 4 — Gable Marawa zone (GMR), 5 — East Gable
Marawa, 6 — East — East Gable Marawa, 7 — Khor El-Ramla zone, 8 — Abu
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Fig. 5. Seismicity and the seismic zones in Aswan area from 1981 to 2009 (after Mohamed
et al., 2008). The E-W and the N-S fault systems are shown in the figure.

Dirwa zone.
Some scattered micro-earthquakes are located in the Nile channel, zones

(1, 2 and 3), they may associate a major north-south fault trend (Youssef,
1968). However, Gable Marawa zone (GMZ, Zone 4) is the most active
zone in Aswan region, which is located around the site of the Nov. 14,
1981 earthquake. Seismicity at this zone is characterized by a focal depth
between 15-25 km.
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Zone 5 lies to the east of GMR seismic zone and is characterized by a
focal depth ranging from 2-7 km. To the east of zone 5, zone 6 is located; it
is characterized by shallow seismic events, with the focal depth in the range
of 1-3 km. The zone 7 is the second active zone in the area; it represents
the activity along Khor El-Ramla fault beneath Khore El-Ramla depres-
sion, the edge of water container closet to the original channel (Fig. 5). It is
characterized by a seismic activity of focal depth extending down to 8 km.
Also, others are scattered around Abu Dirwa fault, representing zone 8.

3. Gravity data analysis

In 2000 National Research Institute of Astronomy and Geophysics car-
ried out detailed gravity survey of the area surrounding the northern part
of Nasser Lake using Lacoste-Romberg G-type gravitymeter with an accu-
racy of 0.01 mGal (107° m/s?). The elevation of gravity stations are mea-
sured using geodetic leveling and in some cases electronic altimeter with an
overall accuracy of better than +0.2 mGal in computed Bouguer anomaly.
The gravity data is processed using IGSN, 1971, for a standard density
of 2670 kg/m? for the Bouguer slab15. The overall accuracy of Bouguer
anomaly map prepared from this data is about +0.01 mGal and is good
enough for the present study.

New Bouguer anomaly map was compiled for Aswan active region based
on Bouguer data which have been surveyed in 1989 and 2000 by the Na-
tional Research Institute of Astronomy and Geophysics (NRIAG, Fig. 6).

The compiled Bouguer gravity map (Fig. 6) is now available for eval-
uating subsurface structures using different techniques. This map can be
divided into a number of distinct areas based on the anomaly size, trend
and gradient, which can be related to the geological subsurface structures.

This map shows pronounced gravity highs and lows, representing the
structural trends of this region. It remarkably shows the gravity gradients
expressed by the faults of subsurface structures. The predominant trends of
anomalies are generally striking in E-W, NW-SE and NE-SW directions.

The anomaly map depicts a northern gravity high (H1) with a relief of
around —20 to —30 mGal coinciding with the northern part of High Dam
with a width of nearly 15 km. Two other high anomalies (H2 and H3) with
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Fig. 6. Bouguer anomaly map of northern part of Nasser Lake. The E-W and the N-S
fault systems are shown in the figure.

gravity values exceeding —15 mGal occupy the north western parts of the
study region. Their trends are E-W and NNW-SSE, respectively.

A zone of negative gravity value extends in the western region containing
three low anomalies, two of them (L1 and L2) form an elongated NE-SW
negative gravity anomaly (34 mGal).

Moreover, the third low anomaly (L3) is located at the northern end of
Kurkur fault systems. Whereas the fourth low anomaly (L4) with a gravity
value less than —35 mGals is trending in NW-SE direction as shown in Fig. 6.
Further south an alternative gravity high and low anomalies were observed,
covering Kalabsha and Seiyal active region in the southern western corner
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for the region of study.

Eastern area of Nasser Lake is occupied by negative low anomaly (L5)
striking in NE-SW direction. This low gravity zone has a Bouguer anomaly
value of about —30 mGal. The circular gravity highs (H1) and (H2) with
a relief of around mGal is pointing out the existence of intrusive bodies in
this area, similar to volcanic plugs of Aswan active region and coincidentally
these highs are located near the epicenters of the most earthquakes in this
region.

3.1. Spectral analysis and filtering of gravity data

The power spectral analysis yields the depths of significant density con-
trasts in the crust, where there is little information on the crustal structure.
Spector and Bhattacharyya (1966) studied the energy spectrum calculated
from different 3-D model configurations; Spector and Grant (1970) studied
the statistical ensemble of 3-D maps. They concluded that the general form
of the spectrum displays contributions from different factors and can be
expressed as:

E(r,9) = (H(h,r)) (S(a,b,r,9)) (C(t, P, 1)), (1)

where
E — total energy;
r=2m(f2+ ny)l/ 2 — radial wave number (r = 27 f, where frequency f can
be measured in any direction in the z-y plane);
0 = tan~(f./f,) — azimuth of the radial wave number;
() — expresses ensemble average;
h — depth;
H — depth factor;
S — horizontal size (width) factor;
C' — vertical size (thickness or depth extent) factor;
a,b — parameters related to the horizontal dimensions of the source;
t, ® — parameters related to the vertical depth extent of the source.
It is clear that only three factors (H, .S, and C') are functions of the radial
frequency r; thus in the case of profile form, Eq. (1) can be written as:

InE(q) =l H(h,q) +InS(@,q)+InC(f,®,q) + constant, (2)
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where h,a,t are the average depth, half width and thickness of a source
ensemble, and ¢ = 27 f.

This equation demonstrates that contributions from the depth, width
and thickness of a source ensemble can affect the shape of the energy spec-
tral decay curve. The effect of each factor has been discussed in the liter-
ature. The result of the spectral analyses of Bouguer anomaly of Aswan
active region is shown in Fig. 7a. The distinguishing feature of the loga-
rithmic decay energy curve shows the rapid decrease of the curve at low
wavenumbers, which is indicative of response to deeper sources. The gen-
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Fig. 7. A) An example of a radially averaged power spectrum of the Bouguer anomalies of
Aswan region. The spectrum shows straight line segments, which correspond to ‘ensem-
bles’ of density bodies with the same average depths of layers using the gradient of the
straight segments unless the average width of the anomalies in the ensembles is known.
B) Gravity depth estimation based on averages of the slope of the energy spectrum.
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tler decline of the remainder of the curve relates to the near-surface sources.
The spectrum consists essentially of three components: a very steep part at
low wavenumbers (0 km~! < wavenumber < 0.0750 km_l) and a less steep
part at moderate wavenumbers (0.075 km ! < wavenumber < 0.325 km™!).
Moreover, a gentle part at high wavenumbers (0.325 km~! < wavenumber
< 1.55 km~!) was observed. This negative asymptotic character shows that
the gravity data has three components:

— A regional component of long wavelength from deep-seated sources.

— An intermediate component of middle wavelength from intermediate-
seated sources.

— A local component caused by sources at shallow depth, e.g., basement
and /or volcanic rocks.

Between 0 km™! and 0.0750 km™!, the contribution of the regional com-
ponent decreases as the wavenumber value increases at the near-surface
component. At wavenumber equal to 1.050 km !, the curve describes the
noise, produced by the digitization errors and finite sample interval, as fluc-
tuations about a constant level of energy. The depth of the gravity sources
can be estimated and the field components can be separated by bandpass
filtering of the field.

3.2. Effect of the source depth

The depth to the source ensemble is the main factor which controls the
shape of the energy spectral decay curve. It is expressed as

H(h,q) = e*h, (3)

Depths to deeper and shallower sources are described by the decay slopes of
the curve at lower and higher frequencies, respectively. The slope of the line
fitted to any linear segment of the curve can be used to compute either the
depth to the causative source or the mean depth to a corresponding group
of sources having comparable depths.

It is clear from Eq. (2) that if S = C = 1(a > h and t < h), then the
equation will be reduced to

In E(q) = In H(h,q) + constant, (4)
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but from Eq. (3)
InH(h,q) = —2hq. (5)

Hence the depth to the top of the source (h) can be computed from the
slope as follows: h = —s/2 if E is plotted against q or h = —s/4x if E is
plotted against f.
h is the depth, s is the slope of the log (energy) spectrum and ¢ is the
wavenumber at frequency f (spatial frequency), where slope = In F(q) and
q=2mf.

Two different approaches can be used to interpret the investigated depth:
1) the point average calculation from the slope of the energy curve; 2) the
linear segments of the energy decay curve, with distinguishable slopes, that
are attributed to contributions in the gravity data from sources at various
depths, which is used in this paper. Figure 7b shows the gravity depth
estimated from the power spectral analyses of Bouguer anomaly of Aswan
region. Three different layers can be separated: the first layer is charac-
terized by the near surface contribution, the depth may vary from 0.3 to
0.8 km; the second layer is characterized by the intermediate-seated con-
tributions, the depth is from 0.8-3.1 km and the deep-seated contribution,
the depth may change from 3.1. to about 7.2 km depth. The estimated
depth value of deep seated structures (the high velocity layer) using this
technique is well correlated with 3D velocity structural results of Haggag et
al. (2009).

3.3. Horizontal gradient (HG) gravity map

The horizontal gradient method has been used intensively to locate bound-
aries of density contrast from gravity data or pseudogravity data stated
that the horizontal gradient of the gravity anomaly caused by a tabular
body tends to overlie the edges of the body if the edges are vertical and well
separated from each other (Cordell, 1979; 1985).

The gravity data were employed for making interpretations about sub-
surface geology in terms of density contrast, which is typically not directly
recognized on the surface. Analysis of the gravity data contributes to imag-
ing the subsurface structure of the study area. As such, two filters were
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used in order to enhance the gravity, including the horizontal gradient fil-
ter and the Euler deconvolution. The horizontal-gradient method has been
used since 1982 to locate density/magnetic boundaries from gravity data
or pseudogravity data (Cordell and Grauch, 1985). The method is based
on the principle that a near-vertical fault-like boundary produces a gravity
anomaly with a horizontal gradient that is largest directly over the top edge
of the boundary.

The greatest advantage of the horizontal gradient method is that it is
least susceptible to noise in the data, because it only requires the calcu-
lations of the two first-order horizontal derivatives of the field (Phillips,
1998). The method is also appropriate in delineating both shallow and deep
sources, in comparison with the vertical gradient method, which is useful
only in identifying shallower structures. The amplitude of the horizontal
gradient (Cordell and Grauch, 1985) is expressed as:

o, = (2) + (22)' ©

where dg/0x and 0g/0y and are the horizontal derivatives of the gravity
field in the = and y directions. The amplitude of the horizontal gradient for
the regional data of the Aswan area was calculated in the frequency domain
and is illustrated in Fig. 8.

Generally, magnetic data can be transformed to pseudo-gravity data us-
ing Fourier techniques (Blakely and Simpson, 1986) such that they behave
like gravity data. Thus, the horizontal gradient of pseudo-gravity also has
a maximum magnitude directly over the boundary. The horizontal gradient
contour lines mark the top edges of magnetic or density boundaries.

In this study, the horizontal gradient filter provides high values over the
faults or contacts. Blakley and Simpson (1986) proposed a method to select
the highest values of the gridded data at which the faults or contacts are
located.

Figure 8 shows the horizontal gradient map for the gravity data in the
study area using Fourier techniques (Blakely and Simpson, 1986). The blue
lines represent the boundaries/contacts that were interpreted from the map.
The interpreted structural map using HG reveals that the area is affected
by a set of faults trending mainly in the NW, E-W, N-S and NE-SW di-

rections.
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High gradient values were observed around the low gravity at north of
Kalabsha active region extending to the northeastern side of the area of
study. It is observed that the pattern of the high gradient anomalies is
broad, not like the sharp anomalies of ideal vertical boundaries of contrast-
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Fig. 8. The horizontal gradient map of the gravity data of Aswan active region. Black
lines indicate the main active faults from previous studies, and the blue lines show the
faults from the horizontal gradient filter based on the work of Blakely and Simpson (1986).
The inferred N-S trending fault (F1) intersects with three main significant E-W striking
faults (F2, F3 and F4) which have generated seismic clustering (zones) around their
intersections. Seismicity and the seismic zones Z1, Z2 and Z3, which are related to the
same active fault trending in the N—S direction (F1) in the study region, are also shown.
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ing density. One explanation of this pattern is that the boundaries in the
north western part of Nasser Lake Aswan area are not vertical and are rel-
atively deep, and/or the anomalies are produced by several boundaries.
Grauch and Cordell (1987) discussed the limitations of the horizontal
gradient method for gravity data. They concluded that the horizontal gra-
dient magnitude maxima can be offset from a position directly over the
boundaries if the boundaries are not near-vertical and close to each other.

3.4. Euler deconvolution

The Euler deconvolution method is applied to the residual gravity data of
Aswan active region from the range 0 to more than 3 km of depth. Euler
deconvolution is used to estimate depth and location of the gravity source
anomalies. The 3D equation of Euler deconvolution given by Reid et al.
(1990) is

dg dg dg
Eq. (7) can be rewritten as
dg dg dg Oy dg dg
x00x+yoay+zoaz+nﬁ—azax+y8y—|—zaz+ng, (8)

where (2, Yo, 20) is the position of a source whose total gravity is detected
at (z,y,z), B is the regional value of the gravity, and n is the structural
index (SI) which can be defined as the rate of attenuation of the anomaly
with distance. The SI must be chosen according to prior knowledge of the
source geometry. For example, SI = 2 for a sphere, SI = 1 for a horizontal
cylinder, SI = 0 for a fault, and SI = -1 for a contact (FitzGerald et al.,
2004). The horizontal (0g/0x, dg/0y) and vertical (0g/0z) derivatives are
used to compute anomalous source locations. By considering four or more
neighboring observations at a time (an operating window), source location
(0, Y0, 20) and B can be computed by solving a linear system of equations
generated from Eq. (8). Then by moving the operating window from one lo-
cation to the next over the anomaly, multiple solutions for the same source
are obtained. In our study, Euler deconvolution has been applied to the
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gravity data using a moving window of 0.5 km x 0.5 km (grid space is
50 m).

We have assigned several structural indices values, and found that SI =
0 gives good clustering solutions. Reid et al. (1990; 2003), and Reid (2003)
presented a structural index equal to zero for the gravity field for detecting
faults. Results of the Euler deconvolution for gravity data are shown in
Fig. 9.

The High Dam region is the most folded area in Aswan region. This
may be due to the existence of some shallow intruded bodies. Most of the
contact solutions (Fig. 9) are trending in the NNW and NW directions,
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Fig. 9. Euler solutions from the residual gravity data of Aswan region. Structural Index
= 0; tolerance = 15%; window size = 500 mx 500 m.
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associated approximately with the main trend of the Red Sea. In a few
locations, solutions are found to be trending in the NE-SW direction. This
trend is related to the transformed faults, which is associated with the Red
Sea rifting (Said, 1992). Generally the solutions delineate boundaries of
intrusive narrow density bodies scattered in the study area with different
width and length. The wider one (6 km) with a length of 10 km is located
around the High Dam. The depths associated with the Euler solutions for
these bodies range between 1.2 km and about 3 km. These bodies are most
probably representing intrusions that are associated with the Red Sea rift.
Such scattered intrusions in the basement would be expected to produce
structures higher up in the sedimentary section. We are currently investi-
gating 3D modeling techniques to obtain more accurate information about
the shape and density of the intruded bodies. Meanwhile, the depths esti-
mated for the near-surface structures range from 250 to 1200 m, decreasing
to the southeast of High Dam.

3.5. Upward continued gravity map

The resultant Bouguer anomaly map (upward continued at 7 km depth) is
shown in Fig. 10. This map reflects many anomalies with different polari-
ties and trends. In the western part of the study area (northwest of Seiyal
and Baraka faults), it is represented by large amplitude of negative Bouguer
anomalies (-31 to — 27.5 mGal), generally lineated in WNW-ESE direction.
This may attribute to relatively thick sedimentary cover in this region. The
central part of the study area is associated with relatively flat broad ex-
tended anomalies with extended values (27 to —26 mGal) that strike in the
E-W, direction. It is characterized by oval shape, low sharpness, and low
gradient. This illustrates a continuous tectonic activity in this region (basin
or the basement rocks seem to be of relatively acidic rock types intruded by
basic ones probably of mantle composition at different depth). Moreover,
three broad elongated positive anomalies of different closures that strike
in the N-S, NNE-SSW and NE directions are observed in different sites of
the Regional Bouguer map that occupying northern part of Kurkur fault,
around Aswan High Dam to the north and in the south eastern corner of
the studied region, respectively.
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Fig. 10. Regional anomaly map of the study area deduced from upward continuation to
a level of 7 km.

3.6. Bandpass filtered gravity map

An important step in the interpretation of Bouguer data is the study of the
anomaly of a special shape. Linear anomalies correspond to dikes and (or)
faults, and circular anomalies correspond to intrusive bodies. The structural
elements can be detected simply by inspecting the alignment of anomalies
and by distinguishing the noticeable abrupt change between positive and
negative anomalies, particularly at the location of sharp gradients. The en-
hancement of Bouguer anomalies associated with faults and other structural
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discontinuities (volcanic or intruded bodies) was achieved by the application
of bandpass filter of the Bouguer data.

Most of the volcanic rocks are exposed on both flanks of the Nile Valley
rift whereas the rift trough has less and scattered volcanic bodies. The Nile
Valley rift and the other continental rifts, such as Taupo rift of North Is-
land, New Zealand; Rungwe volcanic field and parts of the western arm of
the East African rift system are characterized by the flank volcanism.

Ellis and King (1991) attribute the occurrence of the flank volcanisms
to the dilation strain at the base of the upper crust during normal faulting
and to uplift of the rift flanks at depth.

Continental rifts do not usually form single, straight structural entities,
but they occur commonly as systems of isolated rift segments, which are
separated by several transfer zones (Corti et al., 2003 and Corti, 2004). In
the Nile Valley rift, the interactions between the pre-existing faults have
controlled the volcanic activity at and around the transfer zones (Fig. 11).

Bandpass filter parameters have been selected (0-5 km) after extensive
testing of several bandpass ranges which was well fitted with the estimated
source depth values using other techniques in this work. Figure 12 shows
the bandpass filtered map, of Bouguer map overlain with interpreted struc-
tural aspects and intrusions. The map shows some intruded bodies which
were observed scattered on the intersections between the E-W and NW ori-
ented faults. These bodies tend to be aligned along NE trending direction
as shown in Fig. 12 [related to the transformed faults, which is associated
with the Red Sea rifting (Said, 1992)].

4. Interpreted structure map

The results (locations and depths) obtained from the data analysis were
compared and integrated to construct the basement tectonic map (Fig. 13).
The deep-seated structures, interpreted from the regional map, are displayed
in bold black lines. Most of these structures are traced in confirmation by
all Bouguer analysis methods. However, some structures were interpreted
following the disruption and discontinuity of the method’s solutions.

The near-surface lineaments and anticline folds are shown in blue lines,
were traced by the application of the analysis methods to the residual com-
ponent map. These lineaments show good agreement with the geologically
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intrusions.

mapped linear features and main valleys cut across the area (Fig. 2). Ac-
cordingly, these lineaments might reveal top basement and intra-sediment

65



Saleh S.: Subsurface structural mapping of Northern. .. (45-72)

40000 60000 80000 100000 120000

120000
L
0000Zh

100000

00000F

80000
L
00008

60000
,
00009

I | I I I
40000 60000 80000 100000 120000

A\ Volcanic body (Tertiary basalt)'* Sz S22 _=_ strike Slip Fault
metres
‘F\ Anticline ——=— Normal Fault
mGal/meter

-0.176  -0.060 -0.034 -0.020 -0.007 0.004 0.015 0.029 0.050 0.128

Fig. 12. 1-7 km band-pass filter of Bouguer anomaly map overlain with interpreted
intrusions. The white triangles and circles mark location of volcanoes identified from
filtered map. Strike slip and normal dextral oblique faults were estimated using all gravity
techniques in this study.

structures.

Close inspection of the interpreted structure map (Fig. 13) reveals that
the area is affected by four sets of deep-seated and near-surface structural
lineaments oriented in NW-SE, E-W, N-S and NE-SW directions. The
NW-SE (Red Sea) trend is more strongly developed than the other iden-
tified trends. It represents the prevailing tectonic trend in the area, and
played an important role in the formation of its tectonic framework. It was
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estimated map shows E-W oriented faults and their relationship with the N-S and NW
trending faults. White triangles (1, 2 and 3) mark location of volcanoes identified from
filtered map. Earthquake distributions with black colored circles are also observed.

noticed that this trend is greatly responsible for the formation of the ma-
jor basin that trends in the same direction and occupies the western and
southwestern parts of the area. Kamel and Elsirafe (1993) stated that the
NW and N-S trends represent the prevalent directional orientations of the
surface structural lineaments in north Nasser lake area.

The E-W (Tethyan) and N-S (East African rift System) trends come
in the second precedence as deep-seated and near-surface structures in the
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study area. These two trends have been proved from interpretation of grav-
ity survey data to be the deepest and oldest Precambrian tectonic trends in
south Egypt. The E-W trend is represented by boundaries of uplifted and
subsided blocks. The N-S trend is represented by strike slip faults affecting
the central and eastern parts of the area and dislocating the E—-W trending
structures. This fault system is well identified in the area and extended
for long distance northward controlling the primary extent of Nasser Lake
and Nile valley in Upper Egypt. These tectonic trends have been shown
to have a significant control on the distribution of seismic activity in the
Aswan region. Most of the recorded earthquake activities in the western
side of Nasser Lake are associated with the intersections of these two trends
(El Shazly and Abdel Hady, 1984; Kebeasy et al., 1987; Kamel and Elsirafe,
1993).

The NE trend is common in the interpreted near-surface structure in
good agreement with the geologic map (Fig. 2). However, this trend is rel-
atively scarce in the interpreted deep-seated structure. The E-W oriented
faults are associated with several Oligocene and Miocene volcanic cones and
dikes (Schandelmeier et al., 1987; Meneisy, 1990).

The obtained results imply the estimation of some volcanic bodies (tri-
angles 1, 2 and 3, Fig. 12) which have almost found at the intersections
between the E-W and NW oriented faults.

The intersections between the N-S and E-W striking faults in the area
around Nasser Lake have generated seismic pulses (Kebeasy, 1990). Actu-
ally, the acquired results are almost identical with the previous statement,
where the inferred N-S trending fault (F1) intersects with three main sig-
nificant E-W striking faults (F2, F3 and F4) generating seismic clustering
around their intersections as shown in Figs. 8 and 12.

5. Discussion and conclusions

In this paper, quantitative and qualitative analysis techniques were applied
to Bouguer and seismicity data to estimate the location and depth of the
buried source and subsurface structural interpretation. These techniques
are power spectrum, horizontal gradient, Euler Deconvolution, upward con-
tinuations and bandpass filtering.
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These methods were then applied to obtain the regional and residual
components of the gravity field for the area of study. The HG method
could map the deep-seated and near-surface density structure of the study
area. The Euler solutions provide tracing of linear segments and the depth
to these features. Results of Euler Deconvolution method suggested that on
the eastern part of the area, the basement could be observed on the ground
(50 m over the ground) and has become more deeper in the central part
to attain more than 3 km depth to the west. This illustrates a continuous
tectonic activity in this region (basin with thick sedimentary cover or the
basement rocks seem to be of relatively acidic rock types intruded by basic
ones probably of mantle composition at different depth).

Shallow depth estimation to the top of basement complex and/or intru-
sions is ranging between 0.3 km and 0.8 km. However, two average levels
(interfaces) at depth 3.1 km and 7.2 km below the measuring level were
revealed for the intermediate and deep seated structures, respectively.

Mostly, epicenters are located on the borders between the high and low
Bouguer anomaly values. Seismic activity is concentrated along eight de-
fined seismic active zones (Z1-Z8, see Fig. 5), where Zone4 is the most active
one in Aswan region, where it is located around the site of the Nov. 14, 1981
earthquake. Seismicity distributions depicted that some low magnitude seis-
mic activity may have occurred near the reservoir, after filling began and
prior to November 1981 (Kebeasy et al., 1982) which led to occurrence of
seismic pulses around seismic zonel (Fig. 8). An additional two scattered
micro-earthquakes (were distributed in zone 2 and zone 3, extending to the
south) are located in the Nile channel.

In the present work, the three seismic zones (Z1, Z2 and Z3 as shown
in Figs. 5 and 8) are well correlated with the fault trends of the subsurface
structures as derived from the Horizontal Gradient map (Fig. 8) and also
from Fig. 13 (tectonic of the basement rocks). These active zones are related
to the same active fault trending in the N-S direction (F1). The inferred
major fault trend-F1 depicted in Fig. 8, is well correlated with the major
north-south structural trend discussed by Youssef (1968).

Saleh (2004) estimated the resultant stress values for the same area of
study using seismological and Bouguer data analyses. The estimated high
stress anomalies values were occupying the northern, northwestern and east-
ern regions, which may not be related to any co-seismic and/or post seismic
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movements. However, the seismic active zones have been located in the
brittle zone over the low stress ductile one (along Kalabsha active region).
Application of two geophysical methods in this paper such as seismicity and
Bouguer analysis are strongly suggesting that seismically-active fault exists
east of High Dam passes across Aswan reservoir from north to south. This
fault is occupying a region of high stress value (Saleh, 2004) which may
generate large earthquakes in future as it has long extension over several
kilometers.

Integration of the results attained from these methods facilitates map-
ping the interpreted basement tectonic map of the area. This map shows
that the area is affected by sets of faults trending in NW-SE, E-W, N-S
and NE-SW directions. Moreover, the area is dissected by a set of basement
uplifts and troughs controlled mainly by the NW-SE faults.
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