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Abstract

Seismic refraction tomography is an effective tool for determination of 2D velocity
models and interface structures of the subsurface geologic section. The seismic refraction
tomography was employed at Wadi Beda El Atshan area, near Quseir city in the Eastern
Desert, Egypt. The study was conducted to: 1) construct the 2D structural model, 2) infer
the downward extension of the observed surface faults, 3) obtain more information about
the subsurface fault morphology and 4) detect the depth to the basement complex and
delineation of its relief. The refraction data were collected in P-wave mode twice (direct
and reverse) using the 24 channel seismograph (geode) along five profiles covering the
study area. The obtained data were processed using two available software
(GODOGRAF and SeisImager 2D). Seismic velocity field models, structural sections
and, consequently geoseismic velocity sections were constructed. The interpreted 2D
seismic models reveal up to three seismic zones with velocity ranging from less than
1000 to more than 4000 m/s. These zones display significant structural complexities
where large fault blocks were interpreted. The models are clearly imaged several
subsurface fault planes where some of them consider an extension of observed surface
faults. The depth to the basement ranges from 0 to 190 m increasing toward the
northwest direction. So, the applied 2D inversion of refraction traveltime curves has
proved very effective in confirming the significance of suspected faults, facilitating the
accurate setting and providing valuable deeper information about fault morphology.

1. Introduction

Seismic methods provide data that can provide important information about the
subsurface condition including structure and distribution of rock types [1]. The medium
where the seismic waves are propagating can be represented by many forms that are
generally called models. A model is a calculated representation of a medium that gives a
simplified image of the real conditions [2]. Modeling can be used to test the validity of
assumptions regarding the effect of changes in the geologic section.

Modeling or calculation of theoretical models that match the observed data is called
inversion and include two procedures; forward and reverse modeling. The forward or
iterative modeling is based on comparing the observed data in the field with calculated
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data of a theoretical model computed based on geological
concepts. Trial-and-error adjustments of the medium
parameters are made until the theoretical data agrees with the
measured data. Inverse modeling provides a mathematical
framework to construct models of some physical quantity
based on measured data i.e. a model is derived directly from
the observed data by mathematical means.

The aim of the present study is to construct 2D structural
models of seismic refraction data in Wadi Beda El Atshan,
Eastern Desert, Egypt to obtain more information about the
subsurface fault morphology, to infer the downward
extension of the observed surface faults, to detect the depth
to the basement complex and delineation of its relief. The
previous interpretations [3-8] concluded that the study area
affected by transverse fractures oriented perpendicular to the
Red Sea and affected by a set of faults which oriented in
NW- SE, NE-SW, NNE-SSW, ENE-SWS, WNW-ENE, N-S
and E-W directions. Here a detailed seismic refraction survey
to study the existing structures at the study area. The
collected data were interpreted using two different 2D
refraction tomographic algorithms.

2. Geologic Setting

Wadi Beda El Atshan area is located to the south of
Quseir— Qift road, about 10km west of Quseir city between

latitudes 26° 00 ' and 26° 06’ N and longitudes 34° 08 ' and
34° 15" E (Figure 1). The study area was chosen for its
excellent exposure of tilted basement blocks and their
Cretaceous to Tertiary sedimentary covers and including
complex different structures represents proper example for
the study objectives.

The geological studies in the studied area began in the
early 20™ century, when the science of geology was at its
infancy in Egypt. The inception of this phase of geological
research [9] which was followed by many enthusiastic works.
Most of special attention was also paid to the phosphate
deposits in the area. These studies represent the majority of
the previous works carried out on the studied area. Several
authors studied this area as followed [10-29]. Generally, the
deposits of Wadi Beda El Atshan (Figure 2) and the
surrounding areas consist of, from base:- Precambrian
crystalline basement (metavolcanics, metasediments and
granitoid intrusives; [30, 31]), following a long period of
quiescence, Upper Cretaceous to Eocene called pre-rift
sediments (Nubia, Quseir, Duwi, Dakhla, Tarawan, Esna and
Thebes formations; [24, 25) were deposited unconformably
over the Precambrian basement. The pre-rift sediments
appear as isolated sedimentary bodies forming two belts
trending in a sub longitudinal direction parallel to the red sea
coast.

/ .

Figure 1. Location map of the study area showing the seismic profiles.
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Figure 2. Geological map at the study area (After Khalil and McClay, 2002
[6]).
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Figure 3. Stratigraphic sequence at the study area (After Said, 1990 [31]).

3. Methodology

Two available software (GODOGRAF and SeisImager 2D)
were used for interpretation of the seismic refraction data and
construct the structural models. These programs depend
mainly on curved ray paths of the seismic waves.

The first algorithm (GODOGRAF) is based on a local
approximation of the real velocity distribution by

homogeneous functions of two coordinates [32, 33]. In this
inversion the preliminary distinguishing and identification of
waves on travel time curves from different interfaces are
automatically performed. Whereas, for two reverse travel
time curves the non-linear transformations continuously
convert the direct travel time curve to the reverse one and
vice versa [32, 33]. The output of this algorithm was
presented as a velocity field section, and a structural section.

The other algorithm (SeisImager 2D) is based on the
tomographic inversion technique which involves the creation
of an initial velocity model, then iteratively tracing rays
through the model, comparing the calculated traveltimes to
the measured traveltimes, modifying the model, and
repeating the process until the difference between calculated
and measured times is minimized.

4. Field Work

Shallow seismic refraction measurements have been
acquired along five profiles in the study area Fig (1). The
measured profiles were oblique and/or perpendicular to the
axes of selected observed surface faults oriented in different
directions at the study area, were distributed to cover the
study area to give a complete image for existing structures in
the region. The length of these profiles was varied based on
the geologic conditions of the area.

a) The first profile (AA') is oriented NW-SE parallel to
the main direction of the Wadi Beda El Atshan at the
end of the valley, consisted of two spreads (830m,
590m length), and the total length was 1070 m with
108 geophones, While the others (B-B', C-C', D-D' and
E-E’) were oriented WSW-ENE perpendicular to the
main stream of the valley with varied lengths.

b) The second profile (B-B') consisted of a one spread 800
m long with 91geophones were arranged in-line along
this spread.

¢) The third profile (C-C") measured parallel to the third
one at 255 m to the north of it. It consisted of one
spread with total length of about (950m) and 96
geophones.

d) The fourth Profile (D-D') measured at the same
direction at 510m to the north of the (C-C") profile. It
has total length of about 710 m and 71 geophones.

e) The last profile (E-E") measured at the same direction
at 530 m to the north of the (D-D'") profile. Its total
length is 470m and 48 geophones.

Refraction data were collected in P-wave mode twice
(direct and reverse shot points), which the shot point-
geophone arrangement is in the form of end-one offset
spreads with adequate energy sources at one end of the line,
and then at the other end. This is useful in determining the
subsurface layer conditions and true velocities. The arrival
times were conducted by 24 channel seismic geode
manufactured by Geometrics with length of a geophone cable
(240m). Heavy weight dropper with changing weights was
used as energy source [34, 35]. Seismic events were picked
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from 14 Hz vertical geophones oriented vertically to the
seismic line at 10 m interval.

For each profile all obtained seismograms can be fixed
together, taking into account the delay time, in order to
obtain a complete continuous seismogram of n-channel as

illustrated in the examples of direct and reverse seismic
records shown in Figure (4). Acquisition parameters on the
seismograph included filter setting, 0.5 seconds as record
length and a 0.125 second sample rate. The obtained signal-
to-noise ratio of the first arrivals was fairly good.

Geophones

Time (S)
£ F P

Figure 4. A composite seismic record along the profile (B-B"); a) Forward shooting b) Reverse shooting.

5. Results and Discussions

The registered digitized first arrival times of the seismic
signals (P-waves) were plotted versus the distances along the
seismic profiles figures (5, 8, 11, 14, 17). From these
relations, it is clearly that; the reversed travel time curves are
asymmetric and, the point of their intersection is shifted at
the middle distance between the shots towards the side of
lower velocity. It is evident that the first arrivals of the P-
waves are related to the type of refracted waves with the
curved ray paths in 2-D inhomogeneous medium [36-38].

The plotted time-distance graphs of the collected data were
interpreted using 2-D refraction tomographic inversion
algorithm (GODOGRAF) and 2-D inversion tomographic
technique (SeisImager 2D).

The resultant 2-D velocity field models of the five
measured profiles form GOODGRAF program are presented
in figures (6a, 9a, 12a, 15a, 18a) and from SeisImager 2D
program are presented in figures (7a, 10a, 13a, 16a, 19a).
These models are displayed as fields of velocity contour lines
with a constant interval (500 m/s). Furthermore, structural
sections, where the same velocity field is represented as a
surface with the shaded relief overlapped by velocity contour
isolines, are also presented in figures (6b, 9b, 12b, 15b, 18b).
From these lines, a visual estimation of the velocity gradient
values is possible because the gradient is inversely
proportional to distance between contours. These structural
sections allow a sight of boundaries and blocks limited by
faults. So, at these images, the seismic boundaries and faults
can be allocated. The greatest illumination (brighter lines)

corresponds to transition zones where the velocity increases
with depth and the lowest illumination (dark lines)
corresponds to inversion discontinuities (tops of thin
waveguides). The seismic zones, which may represent the
layers or strata, can be identified by extended boundaries and
maintaining the values of the velocity gradient and velocity
interval from top to bottom of layer [32, 33]. Otherwise,
constructed geoseismic velocity sections from GOODGRAF
and Seislmager 2D are also prepared in (Figs. 6c¢, 9c, 12c,
15¢c, 18c) (Figs. 7b, 10b, 13b, 16b, 19b) respectively. The
non-uniform depths of the sections are due to non-uniform
penetration of seismic rays which are calculated during the
solution of the inverse problem.

Using the above mentioned criteria, three seismic zones
were allocated in the enclosing rocks covered by irregular
thickness of the surface layer (Figs. 6c¢, 9¢c, 12¢, 15¢c, 18c)
(Figs. 7b, 10b, 13b, 16b, 19b). This surface layer is
characterized by constant high gradient and velocity less than
1000m/s. Otherwise, each of the seismic zones has its own
constant value of velocity gradient and constant velocity
range.

The uppermost seismic zone is characterized by constant
low gradient and velocity ranging from 1000 to 2000 m/sec.
The second seismic zone has a relatively more gradient and
velocity range 2000- 4000 m/s. The third seismic zone is
characterized by high gradient and velocity more than 4000
m/s. These zones which may represent sedimentary layers
and the bed rock are designated with different color shading
in the structural geoseismic sections.

Moreover, a high degree of faulting is suggested from
seismic data where significant lateral velocity variations exist
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along these profiles [39-43]. Likewise, the discontinuous
nature of first-breaks in the seismographs (Figure 4) and the
gap in the time distance curves at the same distance (Figs. 5,
8, 11, 14, 17), indicate variability in the subsurface layers.
This discontinuity is reflected in the interpreted seismic
models, velocity field models and structural sections, as
abrupt lateral change in the velocity value [34, 38].

The detailed description of the geoseismic models around
the study area is as follows:

Geoseismic velocity model along the profile A-A'

Inspection of the profile illustrates:

a) Only three seismic zones were distinguished along this
profile, covered by (0-20 m thick) horizontal surface
layer (Figure 6¢, 7b). The surface coincides with the
velocity isoline 1000 m/s.

b) The uppermost seismic zone has a maximum thickness
about 50 m near the north western end decreasing to
the south eastern direction until reaching about 5 m.
The first interface, (bottom of this zone) is coinciding
with the velocity isoline 2000 m/s. It is found at depth
10m to the south eastern direction increasing toward
north western direction reaching 90 m due to eight
normal faults.

¢) The second seismic zone has average thickness from
15 to 75 m.

d) The depth to the third seismic zone i.e. second interface
(with a mark 4000 m/sec.) is found at about 25 m near
the south eastern end and increasing north western
ward to150 m.

e) There are eight normal faults influence on this profile,
probably parallel, with their down throw from SE to
NW as follow; 25m, 40m, 25m, 15m, 15m, 30, 30 and
25m.

f) The second fault from SE coincides with the traced of
ENE-WSW surface fault. As well, the fourth fault from
SE coincides with another traced ENE-WSW surface
fault at a distance up to 450m from the SE end.

Geoseismic cross section along BB profile:

From the wvelocity models, structural model, and
geoseismic cross sections (Figure 9c, 10b) it is clear that
three seismic zones are revealed along this profile covered by
0-10 m thick of the surface layer. Most of these zones are
affected by four fault planes which may represent the
downward extension of two observed surface fault and
subsurface faults. Whereas, at point 235 m from the ENE
end, which might be at the intersection with the NE surface
fault (Gebel Atshan Fault Zone), steeply northwest dipping
normal fault plane was detected. It has a wvertical
displacement about 35 m. Around the point 70m from the
WSW end, there is a gentle north east dipping fault plane
(listric fault) which intersect with the second NW surface
fault, its vertical displacement about 35m.

Also there are two subsurface steeply northwest dipping
normal fault plane was detected with vertical displacement
15 and 20m. Due to the presence of these faults, the section
along BB" profile seems to be subdivided into four blocks
where, the depth to basement is found at different levels as

follows:

g) The basement surface is detected at depth 15m in the
first ENE block, at 30m in the second block, at 90m in
the third block and at 30 m in the fourth block in WSW
end.

Geoseismic section along profile CC":

Along this profile, the seismic zones are -clearly
distinguished covered by 0-10 m thick of the surface layer
(Figurel2c, 13b). Otherwise, five fault planes are noted
along it. The first fault is detected directly beneath NE
surface fault (Gebel Atshan Fault Zone) at point 15m from
the ENE end at the surface contact between the basement
complex and the overlaying sedimentary cover. It is steeply
north-west dipping normal fault plane was detected. It has a
vertical displacement about 35 m. Around the point 230m
from the WSW end, there is a gentle north east dipping fault
plane (listric fault) which intersect with the second NW
surface fault, its vertical displacement about 35m. There is
another subsurface steeply north-west dipping normal fault
plane was detected with vertical displacement 25m. Also
there are two subsurface a gentle north east dipping normal
faults (listric faults) was detected with vertical displacement
20 and 30m. Due to the presence of these faults, the section
along CC" profile seems to be subdivided into six blocks
where, the depth to basement is found at different levels as
follows:

h) The basement surface is detected at depth 80m in the
first ENE block, at about 95m in the second block, at
145m in the third block, at 120 m in the fourth block, at
95 m in the fifth and at 30 m in the sixth block in WSW
end.

Geoseismic cross section DD™:

Three seismic zones are delineated along this profile
covered by 0-10 m thick of the surface layer (Figurel5Sc,
16b). These zones are affected by gentle northeast dipping
fault plane (listric fault) which intersects with the NW
surface fault at the point 215m from the WSW end. Its
vertical displacement is about 30m. Due to the presence of
this fault, the section along DD" profile seems to be
subdivided into two blocks where, the depth to basement is
found at different levels as follows:

i) The basement surface is detected at depth 190 m in the
first ENE block and at about 95m in the second block
in WSW end.

Geoseismic cross section EE":

Along this profile, the seismic zones are detected covered
by about 18 m surface layer (Figurel8c, 19b). These zones
are affected by gentle northeast dipping fault plane (listric
fault) which intersects with the NW surface fault at the point
135m from the WSW end. Its vertical displacement is about
15m. Due to the presence of this fault, the section along EE’
profile seems to be subdivided into two blocks where, the
depth to basement is found at different levels as follows:

j) The basement surface is detected at depth 160 m in the
first ENE block and at about 85m in the second block
in WSW end.

Profile (4-4°):
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Figure 15. Results from GODOGRAF program: a) 2D velocity section, b) 2D structural section, ¢) 2D geoseismic velocity section.
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Figure 16. Results from Seislmager 2D program: a) 2D velocity section, b) 2D geoseismic velocity section.
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Figure 18. Results from GODOGRAF program: a) 2D velocity section, b) 2D structural section, ¢) 2D geoseismic velocity section.
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Figure 19. Results from Seislmager 2D program: a) 2D velocity section, b) 2D geoseismic velocity section.

6. Conclusions

Generally, the careful inspection of the resultant 2-D
velocity models around the study area shows the following
notable remarks;

a) The obtained results from both GODOGRAF and

SeisImager 2D program are relatively similar.

b) The interpreted geoseismic models contain valuable
deduced information on the: geological succession
velocities, depth to basement complex and the
prevailing structures.

1. The seismic models reveal multi-layer section of three
geoseismic layers according to their velocity
characteristics.

2. The velocity values ranging from less than 1000 to
more than 4000 m/s within the time interval of about
300 msec. This range of velocity characterizes basement
rocks and the overlying sedimentary sequence. The

distribution of these velocities indicates that the studied
subsurface sections seem to have strong anisotropic
medium in both vertical and lateral directions.

. The maximum penetration of the P-wave reached more

than 250m in some profiles.

. The depth to the basement (consequently the thickness

of the sedimentary succession) varies from 5 to 190 m
in northwest direction.

. The study area displays significant structural

complexities, where large fault blocks are interpreted
delineating tilted fault blocks (half graben structure). A
high degree of faulting is suggested from seismic data
where significant lateral velocity variations exist along
these profiles.

. The area was affected by a set of faults oriented in NW-

SE, NE-SW, ENE-WSW directions. The NW- SE fault
direction is a listric fault (the dip angle decreases with
depth) while NE-SW fault direction is steeply dipping
normal fault so that this basin is considered a
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symmetrical basin. On the other hand, the ENE-WSW
fault direction coincides with ancient transverse
fractures oriented perpendicular to the Red Sea.

. The suspected surface fault planes are successfully

detected and corroborated by the intersections locations
of the detected fault planes with the surface. The
different parameters of these faults are accurately
determined. Moreover, there are some subsurface fault
planes are also detected along AA’, BB' and CC
profiles.

. The applied 2D inversion of refraction traveltime curves

has proved very effective in confirming the significance
of suspected faults and facilitating their accurate setting
and morphology.
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