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Abstract

The study area is located at the south of the eastern desert of Egypt between
latitudes 24°N to 25°N and longitudes 33°E to 33°50'E covering an area of
about 9407 km?. The study area is mainly covered with sediments whose age
extends from the upper Cretaceous to the Quaternary, in addition to the
presence of some basement rocks such as younger granites, metasediments
and metagabbro. The research aims essentially to determine the thickness of
the sedimentary basin by determining the depth to the top of basement and
delineating the subsurface geological structures which affected this sedimen-
tary basin. The Euler depth map exhibited that the north parts of the area
have shallow depth values from 1000 m to 2000 m. The southern parts also
show a shallow to moderate depths ranging from 1000 m to 2400 m. The
deepest parts are located at the middle and at the western parts and are rang-
ing in value from 3000 m to more than 4000 m. The horizontal derivative and
tilt derivative techniques proved that the most effective trends all over the
study area are NW-SE and NE-SW directions as mentioned in geologic li-
neaments map. The basement tectonic map shows clearly all the faults affected
the area. It shows that there are many high blocks trending mainly in NW-SE
and NE-SW directions. All high blocks surround a large sedimentary basin
reaches depth of about more than 4000 m. All the results produced from 2D-
modeling illustrate that the sedimentary basinal area (G2) is the deeper basin
all over the area and it is controlled by some faults and fractures. 3D inver-
sion was used and resulted in that the area of study have many high blocks at
shallow to moderate depths which surrounding a large sedimentary basinal
area with very deep depth values. All the techniques which applied in this re-
search led to that the largest sedimentary basin is located at the center of the
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study area with NW-SE trend and depth value of about 4000 m.
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1. Introduction

The present study area (Figure 1) is located at the southern part of the Eastern

Desert of Egypt (covering an area of 9407 km?). This area is mainly covered by

sedimentary rocks ranging in age from Upper Cretaceous to Quaternary. How-

ever, there are parts covered by basement rocks. Figure 1 also shows the topo-

graphic features of the

present study area. The area ranges in height from 350 m

to 700 m at the NE part and southern part of the study area, whereas the map

shows that the western

part ranges in height from 90 m to 230 m extending from
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Figure 1. Location and topographic map of Atmur Nuqra area, South Eastern Desert, Egypt.
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north to the middle of the area.

To achieve the main goal of this research, which is to determine the depth and
thickness of the sedimentary basin by determining the depth to basement, many
modern techniques have been applied, such as calculating the basement depth
with Euler Deconvolution method. In addition, 2D and 3D-aeromagnetic mod-
els were used also to determine the depth of basement and hence the thickness of
the sedimentary basin. Another objective is to detect the subsurface structural
features that control this sedimentary basin. For achieving this objective, hori-
zontal derivative and tilt derivative were applied. All techniques were used in an

integrative manner to achieve the objectives of the study.

2. Regional Geology

The study area is a part of the Eastern Desert of Egypt. Eastern Desert can be de-
scribed as largely occupied by an association of metasediments, metavolcanics,
metagabbro and serpentinites consisting the ophiolitic mélange [1]. The study
area exhibits also wide range of sedimentary rocks which extend in age from
upper cretaceous to quaternary (Figure 2).

Abu Aggag formation overlain the basement at the south of Wadi El-kharit
area and composed mainly of fluviatile sandstone and ripple laminated sand-
stone. This formation is overlained by Taref formation which composed mainly
of fluviatile and eolian sandstone, fine to medium grained with interbedded
channel and soil deposits. Timsah formation is lying over Taref formation at the
study area and consists of deltaic sequence of shale, silt, and sandstone with two
major oolitic iron-ore beds, typically 10 - 15 m and carrying frequent fossil plants.
This formation is overlained by Umm-Barmil formation which is fluviatile sand-
stone becoming more marine towards the north [2]. Quseir clastics are made of
detrital quartz and dolomite with iron oxide and phosphatic remains in the form
of plates. The Nubia sandstone is followed by Quseir variegated shale of Campa-
nian age. This formation is composed mainly of poorly fossiliferous variegated
shales and clays deposited under none-marine to marginal marine conditions.
The Quseir variegated shale is overlain by Duwi Formation which is made up of
three phosphate horizons separated by beds of black shale, marl, and oyster li-
mestone. Duwi Formation is followed by Dakhla Formation which is represented
by dark grey shallow marine marl and shale with limestone intercalations [2].

Dakhla shale is overlain by a carbonate bed which is recognized with ease due
its sharp contact with the overlying and underlying dark green shales. This car-
bonate bed is equivalent to Tarawan chalk of the western Desert oases which is
made up of marl and marly limestone. Tarawan Formation is overlain by Pli-
ocene deposits which are in the form of fluviatile siltstone, sandstone, and clays-
tone [2]. Detritus, sands, gravels, pebbles, cobbles, and boulders are distributed
all over the area and constitute the surficial cover in the main Wadis. They are gen-

erally formed by the weathering of different types of rocks. This cover represents
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Figure 2. Regional geological map of Atmur Nugqra area, South Eastern Desert, Egypt, (Reproduced after Conco Coral and

EGPC, 1987).

Quaternary age sediments (Figure 2).

The Eastern Desert of Egypt lies within the fold and thrust belt of the Pan-
African continental margin orogeny [3]. It consists of relatively thin and impre-
cated thrust sheets overlying an attenuated Early Proterozoic continental mar-
gin. Two tectonic trends namely NW-SE and NE-SW prevail in the Eastern Desert
of Egypt. [4] [5] [6] believed that the Pan African belt was created by compres-
sion from an easterly direction, while [1] [7] and [8] consider that the direction
of tectonic transport was towards the NNW. The distribution of major rock
units shows that the study area is composed of large fragments separated by ma-
jor zones of tectonic dislocations [9]. According to the constructed structural
map [9], the fracture lineaments including faults have two main trend sets: NW-
SE and NE-SW (Figure 3).
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Figure 3. Structural geological lineaments map (Reproduced after Conco Coral and EGPC, 1987) and its rose diagram of

Atmur Nugra area, South Eastern Desert, Egypt.

3. Aeromagnetic Data

In 1984, Aero-Service Division, Western Geophysical Company of America
conducted high resolution magnetic survey covering an area of 9407 km?* over
the study area (Figure 1). The data were acquired along flight-lines oriented in
NE-SW direction using 1.5 Km line spacing and along tie-lines oriented in
NW-SE direction using 10,000 m line spacing. Nominal flying elevation was 120

m above ground surface [10] (Figure 4).

4. Interpretation

The reduced to north pole magnetic (RTP) map (Figure 5) was produced from
total intensity magnetic map through applying the spectral analysis to overcome

the Bi-Polarity problem. RTP map is filtered and separated into two magnetic
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Earth’s Surface (Terrain Clearance)

Figure 4. Flight path specifications of the study area (After Aero-service, 1984).
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Figure 5. Colour contour map of reduced to the north magnetic pole (RTP) aerial total
intensity magnetic field of Atmur Nugra area, South Eastern Desert, Egypt.
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maps named the regional and residual magnetic components (Figure 6 & Figure
7). The estimated mean depths of both the regional and residual magnetic
sources were found to be 4200 m and 1800 m, respectively.

RTP map (Figure 5) shows a positive anomaly at the southern part of the
study area with values ranging from 1900 nT to 2480 nT. The map exhibits also
other positive anomalies at the eastern and western central parts of the study
area with values of about 2400 nT. There is also a negative anomaly at the
northern part of the map with value of about —350 nT.

The regional magnetic component map (Figure 6) shows that there are some
positive anomalies spreading all over the study area. The positive anomalies are
located mainly at the eastern part and extending to southwest direction forming
a positive trend in NE-SW direction. Another positive anomaly on regional map
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Figure 6. Colour contour map of reduced to the north magnetic pole (RTP) regional
magnetic component of Atmur Nugra area, South Eastern Desert, Egypt.

DOI: 10.4236/gm.2021.112002

29 Geomaterials


https://doi.org/10.4236/gm.2021.112002

A. A. Elhusseiny, A. A. Azzazy

37 33°10 33°20 33°30' 33°40° 33°50'
500000 520000 540000 560000 580000
o L\*]
8o (S
o ~l
[=] D
=18 =]
(7= o
M~ o
o™~ o
3 ¥
$ 3]
do o
= ~
[=] 5y
o o
< (=]
M~ o
(3] (=}
3 3
3 S
(=] N
(=] -~
o N
ol 19
o~ o
N~ (=3
o~ o
o N
o -~
(=] (=}
o (=]
o (=3
~ o
o~ o
8 X
3 S
o nN
(=] D
o (e}
(=18 12
[+s) o
(s} o
e ) Sn
3 3
o N
o D
(=] D
o 19
8 2
N (=}
500000 520000 540000 560000 580000
33° 33°10' 33°20' 33°30" 33°40" 33°50'
5 0 5 10 15 -546 -140 -100 -80 -60 -40 -20 0 20 40 60 80 100 160 451
e
KM
'WGS 84/ UTM zone 36N RESIDUAL
(nT)

Figure 7. Colour contour map of reduced to the north magnetic pole (RTP) residual
magnetic component of Atmur Nugqra area, South Eastern Desert, Egypt.

is located at the western and at the northeastern parts forming another trend
close to ENE-WSW direction. Regional Map also exhibits three main negative
anomalies; one at the northeastern corner, the second in the central and the
third at the western part of the study area. In addition, there are another small
negative anomaly located at the northwestern and southern parts. The three
main negative anomalies together form a trend close to NE-SW direction.

The residual magnetic component map (Figure 7) demonstrates more about
the magnetic-rock types, their contacts and their over-all relationships including

faulting, folding, etc., particularly at the near-surface shallow level.

4.1. Discussion of Euler Depth Map

Euler deconvolution method is an automatic technique used for locating the
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source of potential field based on both their amplitudes and gradients. The me-
thod was developed by [11] to interpret the 2D magnetic anomalies and ex-
tended by [12] to be used on grid-based data. Magnetic field M and its spatial
derivatives satisfy Euler’s equation of homogeneity.

oM oM oM
X=Xg )—+(Y—-VY,)—+(z2-2,)—=—-NM
( 0) ox (y yo) 2y ( o) o
Where %ﬂ, % and %ﬂ represent first-order derivative of the magnetic
X Z

field along the x-, y- and zdirections, respectively, N is known as a structural
index and is related to the geometry of the magnetic source [12].

The depths of anomalies in the study area were calculated through applying
euler method with structure index N = 1 (Figure 8). The euler depth map clearly
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Figure 8. Euler depth solution map of reduced to the north magnetic pole (RTP) with N
=1 of Atmur Nugra area, South Eastern Desert, Egypt.

DOI: 10.4236/gm.2021.112002

31 Geomaterials


https://doi.org/10.4236/gm.2021.112002

A. A. Elhusseiny, A. A. Azzazy

shows that the northern part of the area exhibits shallow depth values. These
values range from 1000 m to 2000 m. The southern parts also show a shallow to
moderate depths ranging from 1000 m to 2400 m. The deepest values are located
at the central and at the western parts of the study area which may indicate the
presence of large basins. The depths at these parts are ranging in values from
3000 m to more than 4000 m. The euler map not only shows the depth variations
through the area but also shows the trends that affect the area. The map shows
two main trends in NE-SW and NW-SE directions (Figure 8).

4.2. Discussion of Basement Structural Trends

To highlights the geological structures that affecting on the study area and the
formation of sedimentary basins, total horizontal derivative and tilt derivative
techniques were applied to the regional and residual magnetic components. Re-
gional and residual structural lineaments were traced over horizontal derivative
and tilt derivative grids to illustrate the structural trends affecting the study area
(Figure 9 & Figure 10). Rose diagram of regional lineaments show that the
WNW-ESE trend is the most effective trend at deeper depths all over the area.

The residual lineaments rose diagram show that there is more than one effec-
tive trend. These trends can be arranged in terms of their effect as follow; NW-
SE, WNW-ESE, and NE-SW trends. All these trends are effective at shallow to
moderate depths all over the study area.

The regional and residual lineament trends (Figure 9 & Figure 10) agree with
the geology lineament trends (Figure 3) that the most effective trends in the area
under consideration include two major sets of trends: NW-SE trend (Gulf of
Suez trend) and NE-SW trend (Gulf of Aqaba trend). With the integration of all
aforementioned magnetic maps, a basement tectonic map (Figure 11) was con-

structed to illustrate the main faults affected the study area.

4.3. Discussion of Basement Tectonic Map

Basement tectonic map (Figure 11) was constructed through the analysis of re-
gional, residual, horizontal derivative, tilt derivative and euler maps. The map
shows that the area is affected by some normal faults directed mainly in NE-SW
and NW-SE direction. The area also suffered from strike-slip movements; main-
ly in NNW-SSE direction and other small strike-slip movements in ENE-WSW
direction. All the strike-slip movements separate the narrower high blocks from
the broader high blocks.

Basement tectonic map (Figure 11) shows that there are some high blocks
(Horst) denoted on the map as (H1) to (H16) separated by basinal areas (Gra-
ben) denoted on the map as (G1) to (G4). At the north western part of the area,
there are three high blocks (H1 to H3) which detected at shallow to moderate
depths and trend in NE-SW direction. To the south of these three blocks, there
are four high blocks (H4 to H7) detected at shallow depths and all are trending
in approximately NW-SE direction. All high blocks at the north from (HI) to
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Figure 9. Basement structural lineaments trend analysis rose diagram of total horizontal derivative for both regional and residual
magnetic components of Atmur Nugqra area, South Eastern Desert, Egypt.

(H7) are surrounding a sedimentary basinal area (G1). This basinal area detected
at deeper depths and trending close to NW-SE direction.

The basement tectonic map (Figure 11) shows also other three high blocks;
(H8 to H10) which detected along the eastern part of the area at shallow depths.
At the west of these three blocks and separated from them by large basinal area
(G2) with deeper depth values and another small basinal area (G4), there are
other high blocks (H11 to H16). These blocks trending mainly in NW-SE direc-
tion with shallow to moderate depth values. and resulted in a trend in NE-SW
direction. Blocks (H1, H11, H12, H13, H14 and H15) are surrounding another
large basinal area (G3) with deeper depth values.

Comparison between the Euler depth solution map (Figure 8) and the base-

ment tectonic map (Figure 11) shows that basinal area (G2) is the deepest basin
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Figure 10. Basement structural lineaments trend analysis rose diagram of tilt derivative for both regional and residual magnetic

components of Atmur Nugqra area, South Eastern Desert, Egypt.

all over the area with depths reach of about more than 4000 m. The second
deepest basin is basinal area (G3) with depths ranging from 3500 m to 4000 m.

The two basinal areas directed approximately in NW-SE direction.

4.4. Discussion of 2D-Magnetic Modeling

Two-dimensional (2D) models assume the earth is two dimensional, ie, it changes
with depth (ie, the Z-direction) and in the direction of the profile (ie, the
X-direction; perpendicular to the strike). 2D-models do not change in the strike
direction (Ze., the Y-direction). 2D-blocks and surfaces are presumed to extend
to infinity in the strike direction [13].

To confirm the interpreted basement structural relief of the study area, 2D

magnetic modeling was carried out along four profiles A-A', B-B', C-C' and D-D'
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Figure 11. Interpreted basement tectonic map of Atmur Nugqra area, South Eastern Desert,
Egypt.

(Figures 12-15) oriented in WNW-ESE, SW-NE, NNW-SSE and NW-SE trends,
respectively. The magnetic susceptibility values were assumed for all rock units
in the four modelled profiles.

The modeled profile (A-A") (Figure 12) exhibited a good fit between observed
and calculated magnetic data with an error of about 3.754%. Basement rock sus-
ceptibilities were assumed and ranged from 0.01 cgs to 0.012 cgs. Profile (A-A')
shows that the depth of basement at the WNW part reaches of about 400 m un-
der the surface level whereas at the ESE part reaches of about 1800 m under the
surface level. The more we go from both sides of the profile (A-A') to the middle,
the depth of basement surface becomes more deep reaching at the deepest point
of about 4700 m. Profile (A-A') intersected with profiles (B-B') and (C-C') at two
points at the middle of the profile denoted as BB' and CC'. These two points (BB'
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Figure 12. Two-dimensional (2D) modelled RTP magnetic profile A-A' of Atmur Nugra area, South Eastern Desert, Egypt.
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Figure 13. Two-dimensional (2D) modelled RTP magnetic profile B-B' of Atmur Nugra area, South Eastern Desert, Egypt.

& CC') reached depth values of about 4600 m and 4570 m, respectively.

Modeled profile (B-B') (Figure 13) displayed a good fit between observed and
calculated magnetic data with error 5.687%. The basement surface at the SW
part of the profile (B-B') has average depth values of about 1400 m whereas the
depth values reach of about 1600 m to 2200 m at the NE part of the model. The
profile (B-B') gets much deeper at the middle of the profile and reaches of about
4800 m at the deepest point. The intersections between profile (B-B') and pro-
files (A-A', C-C' &D-D') were detected at points denoted as AA', CC' and DD’
respectively. These points reached depths of about 4600 m, 4750 m, and 1450 m,

respectively.
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Profiles (C-C') and (D-D') (Figure 14 & Figure 15) were fitted between ob-
server and calculated magnetic data at errors 2.062% and 3.592% respectively.
Basement surface depth reaches of about 2200 m at the NNW part of profile
(C-C') whereas reaches of about 2950 m at SSE and the depth reaches of about
4800 m at the deepest point at profile (C-C'). At profile (D-D') the depth reaches
of about 2200 m at NW part, 800 m at the middle of the profile and the deepest
value 2800 m at SE part. Profile (C-C') intersected with profiles (A-A', B-B' and
D-D') at three points with depth values of about 4570 m, 4750 m, and 1450 m, re-
spectively. On the other hand, profile (D-D') intersected with profiles (B-B' and
C-C') at two points with depth values of about 1450 m and 2250 m, respectively.
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Figure 14. Two-dimensional (2D

) modelled RTP magnetic profile C-C' of Atmur Nugqra area, South Eastern Desert, Egypt.
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Figure 15. Two-dimensional (2D

) modelled RTP magnetic profile D-D' of Atmur Nuqra area, South Eastern Desert, Egypt.
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Comparing the results from 2D-magnetic modeling with the basement tectonic
map (Figure 11) show that the basinal area (G2) is supposed to be the main se-
dimentary basin in the study area.

4.5. Discussion of 3D-Magnetic Modeling with Basement Tectonic
Map

Another solution to the magnetic interpretation problem exists in the inversion
of the magnetic data to get accurate information about the basement surface
depth. Inversion refers to an automated numerical procedure that constructs a
model of subsurface geology from measured magnetic data and prior information.

A model is introduced by a number of packed surface grids with average sus-
ceptibility distributions assigned for the layer underlying each surface. Calcula-
tions were performed in the wave number domain and were based on Bill Pear-
son’s implementation of [14]. In our inversion methodology, a model of single
layer with susceptibility contrasts is parameterized to describe source geometry
(depth to the top). A 3D potential field modeling was carried out over the study
area. Figure 16 shows a 3D perspective of the inverted 3D depths model of the
area.

Comparing the resultant inversion depth to basement with basement tectonic
map (Figure 17) shows clearly that the area characterized by uplifts located at
more than one location in the study area. The uplifted blocks at the eastern part
trend mainly in N-S direction with depth values ranging from 600 m to 1000 m.
Another high block was found at the south western corner of the study area
trending in ENE-WSW direction with depth values ranging from 700 m to 1000
m. At the northern part of the map, there are other high blocks ranging in depth
from 900 m to 1000 m and trending mainly in ENE-WSW direction and slightly

s S
%@QQ Q@
v S

Figure 16. 3D view of result depth to basement using 3D-inversion modeling of Atmur
Nugra area, south eastern desert, Egypt.
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Figure 17. Basment structure superimposed on depth to basement using 3D-inversion
modeling map of Atmur Nugqra area, south eastern desert, Egypt.

in E-W direction.

All the uplifted blocks surround a large basinal area at the middle of the map
which ranging in depth from 2000 m to 4000 m and has a different trend: mainly
NW-SE direction and slightly NNW-SSE direction. Next to west of this basinal
area, there are another large basinal area trending in NE-SW direction with
depth values ranging from 2000 m to 3800 m.

The inversion depth with basement tectonic map (Figure 17) shows clearly
that all the basinal areas are structurally controlled by normal faults trending
mainly in NW-SE and NE-SW and suffered from strike-slip movements, mainly
in NNW-SSE direction and other small strike-slip movements in ENE-WSW di-

rection.
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5. Conclusions

The main purpose of this work is to determine the depth and structure of the se-
dimentary basin of Atmur Nugra area. To determine the depth of the sedimen-
tary basin Euler decnovolution, 2D-modeling and 3D-modeling techniques were
applied. All the results from these techniques show that the area of study has
some high blocks trending in different directions; mainly NW-SE direction and
slightly in NNW-SSE and ENE-WSW directions with shallow to moderate depths
ranging from 800 m to 1600 m. All the uplifted blocks surround a large sedi-
mentary basin at the middle of the study area reaches a depth of more than 4000
m. To the west of this basin, another basin is existed with depth reaches to 3800
m.

The basement tectonic, horizontal derivative and tilt derivative maps show
that the sedimentary basin area at the middle of the study area is structurally
controlled through some faults and lineaments trend mainly in NW-SE and NE-
SW directions, and slightly in NNW-SSE direction. The area is also affected by
strike-slip movements in ENE-WSW direction.

Comparing between the basement tectonic map and 3D-magnetic modeling

show that the main basin (G2) is the largest sedimentary basin in the study area.
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