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Abstract: In this study, eighteen compressional P-wave seismic refraction profiles survey

was conducted on the western side of the Gulf of Suez, Egypt, to map bedrock topogra-

phy, which is vital information in foundation pole placement and design for large factory

construction. The configuration of the seismic survey consists of 10 metres geophone in-

tervals (12 and 24 channels) with a total survey length of 3150 metres survey length. The

seismic compressional wave velocity distribution reveals three layers ranging from (400

to 1100 m/s), (1200 to 2000 m/s), and (2200 to 3500 m/s). According to the data, the

first low-velocity layer represents unconsolidated Wadi sediments. The second layer, on

the other hand, comprises consolidated Wadi sediments, while the third layer comprises

fractured to intact sandstone bedrock. The thickness of the first layer is believed to be

between 0.5 and 10 m, while the thickness of the second layer is between 8.5 and 25 m.

Pseudo-3D model of velocity distribution was constructed, revealing the presence of sev-

eral low-velocity zones at a depth ranging from 15 to 32 m. Then, the topography of the

non-rippable sandstone rock mass was mapped utilizing 3-D model. Finally, the correla-

tion between seismic refraction tomography (SRT) results and nearby well logging dataset

drilled by the Egyptian Geological Survey and Mining Authority (EGSMA) matched quite

well. It may be inferred that, up to a depth of 15 to 32 metres, there is a high-velocity rock

layer suitable for constructing deep foundations for multiple levels of the mega factory.

Key words: seismic refraction tomography, tomographic inversion, bedrock mapping,
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1. Introduction

Poor subsurface understanding under the proposed building usually throws
off the construction schedules, slows the implementation of design, and even-
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tually impedes the project’s progress. Consequently, it is essential to ex-
amine the subsurface characteristics of a given area using geophysical in-
vestigations before initiating civil construction. Trenching and boreholes
are often used in conventional geotechnical studies to gather scattered and
discrete data points.

As a result, adopting the seismic refraction tomography (SRT) tech-
nique has been shown to save time and money since it is a non-destructive
technique that provides information on the subsurface rock mass charac-
teristics from site investigations to continental studies (Schlindwein et al.,
2003), allowing for the efficient and effective selection of various geotechni-
cal studies. As both of them must be effectively combined, first to support
SRT findings, and secondly, as SRT results recommend where to do such
geotechnical tests, SRT may thus be a way to overcome these limits without
ignoring geotechnical investigations.

Traditional delay time or generalised reciprocal method (GRM) refrac-
tion research efforts simplify velocity structure assumptions where the sub-
surface is depicted as a layered medium with specific seismic velocities in
each layer. Each ground layer’s thickness and dip angle are calculated us-
ing this assumption based on the travel time of the refracted seismic waves
(Sheriff and Geldart, 1995). Unfortunately, that contradicts frequently ob-
served near-surface characteristics like heterogeneity, lateral discontinuities,
and gradients (Sheehan et al., 2005).

Nevertheless, refraction tomography is not subject to these constraints
(Thurber and Ritsema, 2007; Whiteley et al., 2020). Therefore, it is able to
resolve velocity gradients and lateral velocity changes and can be applied
in geological conditions where conventional refraction techniques fail, such
as areas of compaction, karst, and fault zones (Hiltunen and Cramer, 2008;
Metwally et al., 2017; Brixová et al., 2018; Akingboye and Ogunyele, 2019;
Herlambang and Riyanto, 2021). Several studies (White, 1989; Nurhandoko
et al., 1999; Leucci et al., 2007; Azwin et al., 2013; Bery, 2013) prove the
high applicability of the SRT technique in subsurface velocity modelling and
ground exploration. They showed that seismic refraction tomography per-
formed well in many situations where traditional refraction techniques failed
to identify vertical and horizontal velocity gradients. Utilization of seismic
refraction in geotechnical investigations studies related to foundation eval-
uation problems is widely adopted (Oyedele et al., 2011; Ozcep and Ozcep,
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2011; Jamiolkowski, 2012; Butchibabu et al., 2019a,b; Butchibabu et al.,
2023) primarily to assess the substratum conditions at strategic locations.

In our case, a major industrial zone is under construction on the west-
ern side of the Gulf of Suez (GOS) near the new Suez port. The need to
understand the topography of the bedrock is critical for foundation pole
design and placement, as well as to classify the layers of the subsurface with
the aid of the nearby wireline logging dataset of Suez well-3, drilled by the
Egyptian Geological Survey and Mining Authority (EGSMA) which pro-
vides geological data as a reference point for this research seismic refraction
method.

Several geophysical studies investigated the Ain-Sokhna area (El-Behiry
et al., 2006; Attwa and Henaish, 2018; Younis et al., 2019; Youssef, 2020;
Araffa et al., 2022) focusing on groundwater exploration. Othman et al.
(2015) conducted a seismic refraction survey near the study area, utilizing
the generalized reciprocal method (GRM) in the interpretation. Finally,
Mekkawi et al. (2022) studied the potential of geothermal resources in the
area utilizing magnetotelluric and magnetic methods.

The current research discusses seismic refraction investigations, consist-
ing of 18 profiles with a total length of approximately 3150 m, along Cairo-
Suez Road at the Ain-Sokhna area, where bedrock depth and topography
were investigated. 2D seismic tomograms were interpreted, and 3D models
were generated to map the lateral distribution of the layers’ depths.

2. Geographical location and geology of the area

The Suez Governorate’s Ain-Sokhna area is located on Egypt’s western shore
of the Gulf of Suez (Fig. 1). According to geomorphology, the Ain-Sokhna
region is broken down into four primary units:

• Coastal plain unit: This low geographical area is between the Gulf of
Suez to the east and the steep and hilly terrain to the west. It is primarily
covered with Quaternary clastic deposits, as well as thick, widespread
gravelly and sandy layers, forming a plain that gradually dips towards
the sea.

• Highlands: The peaks of the northern Galala and Gabal Ataqa represent
this highland region. High vertical scarps are produced by the imposing
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mountainous rock known as Gabal Ataqa. On their northern and eastern
slopes, the highest point is 900 metres or thereabouts above sea level.
The Northern Galala is a significant area in the northern part of the Gulf
of Suez.

• Low-lying hill unit: Most of their surface is made up of rocks from the
Upper Eocene to Miocene.

• Drainage pattern: There are four important drainage basins in the Ain
Al-Sokhna area. From north to south, the basins mentioned above are
the Wadi Hagoul basin, the South Wadi Hagoul basin, the Wadi Akheider
Bada basin, and the Wadi Ghwieba basin.

Fig. 1. Location map of the study area.

The rock units identified within the study area are shown in Fig. 2.
Abu El-Enain et al. (1997) separated the Eocene rocks into the Middle
Eocene (Mokattam Formation) and Upper Eocene (Maadi Formation). The
Oligocene rocks lie unconformably on top of the Upper Eocene clastics.
Upper Eocene clastic rocks are composed of volcanic (basaltic sheets and
doleritic intrusions) and sedimentary (sandstone, quartzite, and flint gravel),
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Fig. 2. Geological map of the western side of Gulf of Suez after (Conco, 1987).

which are Oligocene rock types. The Hagul Formation (Upper Miocene)
and Sadat Formation (Lower Miocene), in that order, are representative
of Miocene rocks. The majority of the Pliocene deposits are composed
of different gravels and flint pebbles in sand, while in certain areas, these
gravels also include limestone and flint pebbles (Salem, 1988). Two types of
Quaternary sediments (Holocene and Pleistocene) are composed of gravels,
cobbles, boulders, and sands and may be found as Quaternary terraces and
alluvial deposits (Reynolds, 1979).

According to Youssef and Abdel-Rahman (1978), the study area and the
nearby areas are part of a massive graben where multiple gently sloping fault
blocks protrude above the surface. To ascertain the deformation style that
affects the area and the anticipated stress direction, Salem (1988) assessed
the structural components of the study area and its surroundings. He also
discovered a connection between the two provinces (the Gulf of Suez to the
east and the Cairo-Suez region to the north) and their deformation styles.
He observed that most of these faults are normal, and just a small number
of them are diagonal, with substantial dip-slip movement and negligible
strike-slip components.
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Sultan et al. (2017) classified the major fault trends into NNW–SSE,
E–W, and WNW–ESE faults. The bulk of the faults are located in a north-
west–southeast direction. They influence the Eocene limestone plateau and
delimit the main Wadis of the area under investigation, such as Wadi Hagul,
Wadi Badaa, and Wadi Ghweiba. The second-most significant faults are
the east-west faults. It is thought to have begun in the late Eocene and
continued into the Oligocene (Salem, 1988). Finally, the WNW–ESE faults
are distributed throughout the low, hilly terrain in the depression between
Gebel Northern El-Galala and Gebel Ataqa (Moustafa and Khalil, 2020).

3. Data acquisition and methodology

Seismic energy is incorporated in the seismic refraction technique, and it
returns to the surface after travelling through the subsurface through re-
fracted ray routes. A direct or refracted ray is always indicated by the
first seismic waves that arrive at a detector (geophone) far from a seismic
source (Reynolds, 1997). The P-wave velocity increases as a result of the
confining pressure (Han et al., 1986). Due to progressive consolidation and
cementation, the shale and sandstone velocities consistently rise with burial
depth and age (Avseth et al., 2001). The rippability chart (Fig. 3) displays
a material’s potential for excavation by Caterpillar’s D8R/D8T ripper in
accordance with its seismic P-wave velocity.

Eighteen seismic profiles were obtained in the study area. The 240-
metres-long extension of the profiles has a NE–SW trend. On the other
hand, the 120-metres-long profiles were trending NW–SE, as shown in Fig. 4.
A geophone interval of 10 metres and ten shot-gathers for each spread in the
forward, reverse, split, and offset directions were conducted. The shallow
seismic refraction field dataset was obtained using a Geometrix 24-channel
seismograph model 1125E and McSEIS-SX equipped with 24 very sensitive
geophones and a 15-kg sledgehammer as an energy source.

Distance between the Suez well-3 and seismic line positions is approxi-
mately 2 km. The primary result of the field work is the shot record. The
direct and refracted waves that the geophones receive are the most signifi-
cant initial arrivals and were used to go through the workflow as indicated
in Fig. 5.
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Fig. 3. Rippability chart displaying the correlation between seismic compressional-wave
velocities, lithologic types, and rippability classification (Caterpillar, 2010).

Fig. 4. Landsat imagery overlain by the survey layout and well location.
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Fig. 5. Simplified flow chart for tomographic inversion process to obtain P-wave velocity
model.

An initial model for the tomographic inversion was constructed using
the first arrival times for the profiles. The properties of the initial velocity
model have a significant impact on the final model in this type of inversion.
A velocity model was created for each line after several rounds of testing and
based on conventional interpretation methods, i.e., Plus-Minus (Hagedoorn,
1959), and GRM (Palmer, 1981).

4. Results and discussion

The data acquired from the field records and their analysis show that the
P-wave velocities are computed as follows:

i. Unconsolidated Wadi sediments at the top with a P-wave velocity range
of (Vp1 = 400− 1100 m/s), in which the thickness of this layer ranges
between 0.5 m and 10 m.

ii. The second layer’s velocity range, Vp2 = 1200− 2000 m/s, relates to
consolidated Wadi sediments, and the thickness of this layer varies be-
tween 8.5 and 25 m.
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iii. The third layer is characterized by a high seismic velocity range, Vp3
= 2200− 3500 m/s, that coincides with a sandstone layer (hard to frac-
tured sandstone).

In the area under investigation, the eighteen seismic tomograms demon-
strate three main seismic strata (Figs. 6 to 8). The tomograms were used

Fig. 6. Tomographic inversion results for (a) Profile SR-1; (b) Profile SR-2; (c) Profile
SR-3; (d) Profile SR-4. Dashed line indicates iso-velocity of 2300 m/s which represents
top non-rippable sandstone bedrock, and yellow-dotted line represents bottom boundary
of Quaternary unconsolidated sandstone. Solid purple lines represent a fault structure.
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to calculate the P-wave velocities, thicknesses, and depths of different rock
units.

As discussed earlier in Section 2, the study area is characterized by a
complex history of extensional deformation related to the opening of the
Gulf of Suez and the Red Sea. The primary geological structure consists

Fig. 7. Tomographic inversion results for (a) Profile SR-5; (b) Profile SR-6; (c) Profile
SR-7; (d) Profile SR-8. Black-dashed line indicates iso-velocity of 2300 m/s which rep-
resents top of non-rippable sandstone bedrock, and yellow-dotted line represents bottom
boundary of Quaternary unconsolidated sandstone. Solid purple lines represent a fault
structure.
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Fig. 8. Tomographic inversion results for profiles from SR-9 to SR-18 from (a) to (j),
respectively. Black-dashed line indicates iso-velocity of 2300 m/s which represents top
of non-rippable sandstone bedrock, and yellow-dotted line represents bottom boundary
of Quaternary unconsolidated sandstone. Solid purple lines represent fault structure.
Note: the colour scale for this figure is also the one in Figs. 6 and 7.

of normal faults (half grabens and domino-style normal faults), which are
predicted and delineated by many authors, as highlighted in Section 1, by
conducting Vertical Electrical Sounding (VES) surveys around the study
area. For this reason, basement fracturing due to rifting structures, as well
as normal faults, is the main reason for the basement topography varia-
tions. Profiles SR-1 to SR-18 (Figs. 6) exhibit faults with minor graben
developed.

Suez well-3 in Fig. 9 indicates a sandstone section under the weathered
layers of unconsolidated Wadi sediments. This sandstone incorporates cal-
careous cement that is occasionally argillaceous. It is worth mentioning
that the deep resistivity curve reading is high (60 ohms), which is relatively
higher than resistivity values from other wells near Suez well-3, which repre-
sents a perfect freshwater aquifer that starts at a depth of 12 metres. Also,
the high neutron values indicate high porosity in this zone.
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The interpreted well logs show high consistency with the SRT results, as
follows: The first layer is composed of Quaternary Wadi sediments, followed
by consolidated calcareous sandstone, and finally ended by the compacted
argillaceous sandstone representing the bedrock.

Fig. 9. Wireline dataset of the upper section of Suez well-3.

Pseudo 3D model generated in Fig. 10 was utilized to construct a three-
dimensional model of the P-wave velocity distribution (Fig. 11) of the sub-
surface to better visualize bedrock relief. Many low velocity zones were in-
terpreted and were mainly due to normal fault structures (grabens), which
have to be taken into consideration during the design and placement of
foundation poles within the area under investigation.

5. Conclusion

This research aimed to examine the bedrock and outline its topography us-
ing seismic refraction data. A study was conducted at a proposed location
for a crucial industrial facility in Egypt.
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Fig. 10. Pseudo 3-D seismic refraction imaging representation of the eighteen spreads.

It was found that three geo-seismic layers are distinguished from the to-
mographic inversion results from top to bottom as follows: unconsolidated
Wadi sediments with a relatively low-velocity range (400 m/s to 1100 m/s),
and thickness between 0.5 m to 10 m, consolidated Wadi sediments with a
velocity range (1200 m/s to 2000 m/s) with 8.5 m to 25 m in depth; and
finally, sandstone bedrock of high velocity (2200 m/s to 3500 m/s), which
correlates quite well with the electrical wireline logging results from a nearby
borehole.

Imaging results revealed that the bedrock is intact to heavily fractured
sandstone, reflecting the history of complex deformation in the Gulf of Suez
region. Several faults trending NW–SE and NE–SW were detected, and
bedrock topography variation is structurally controlled by normal faulting
events due to the Red Sea rifting system.

At depths varying from 15 to 32 metres, the soil in the study area is
believed to be compact to highly compact and appropriate for construction.
The three-dimensional P-wave velocity model identified more competent
areas for construction loads than others. The results of this research may
be used for inexpensive and non-destructive geotechnical subsurface char-
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Fig. 11. Three-dimensional clipped planes generated from seismic refraction profiles grid
to better visualize the lateral extent of the bedrock topography in the study area (top
and middle), virtual direction slice generated from 3D model to better visualize faults
affecting bedrock.
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acterizations utilizing the seismic refraction technique, as well as for the
preliminary design of the foundation poles and their depth.
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