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ABSTRACT: The economic importance of the oil shale comes from the verity that it contains organic matter and
substantial amounts of kerogen from which liquid hydrocarbons can be constructed. If it is immature it can be used
after burning, as a source of energy in the production of electricity.

The study area is characterized by the presence of considerable extensions of oil shale within Dakhla shale as deduced
from geological studies. This formation contains significant amounts of kerogen from which liquid hydrocarbons can be
manufactured. Magnetic and resistivity techniques are used to delineate the subsurface occurrences of the oil shale.
Interpretation of the field measurements show that its thickness increases towards N and NE of the study area and
restricted by an asymmetrical synclinal fold with a maximum of (62) m.

INTRODUCTION

The area of study is a part of the Central Eastern . h .
Desert of Egypt, about 15 Km to the southwest of other rare chemical element production. During 1946-

Quseir Town on the Red Sea Coast. It lies between 1952, a marine variety of IZ_)ictyq_nema Shale was used

latitudes 250 57" 49.29" N & 250 58’ 27.91” N and for uranium production in Slllam_ae, Estonia, and during

longitudes 340 17" 25.92" E & 340 18’ 11.31” E,Fig.(1). 1950-1989 al_um shale was used in Sweden for the same
purpose (Dyni, 2006).

Some oil shales can also be used for uranium and

The previous geological, geophysical and geochemical

studies proved that Quseir area is rich with considerable 2 e rrany e i LE
extensions of the black shales (oil shales) either on the j N e

surface or in the subsurface(Mustafa and Ghaly (1964), o
El-Kammar (1993), Temraz (2005), EI-Kammar and EI- = {
Barkooky (2006), Muhammad, et al. (2011)). The black
shale, which belongs to the Dakhla Formation that
overlies a uranium-bearing phosphate layer belonging to ®
the Duwi Formation. The economic importance of the 5
oil shale comes from its content of organic matter as -
significant amounts of kerogen from which liquid
hydrocarbons can be manufactured. -

Moustafa et al. (2014) concluded that Quseir-
Safaga area is a commercial field for oil shale
production which has a reserve of five billion barrel of
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oil in place, while the estimates by Troger (1984) for the F|g (]_) Location map of the Study area,
oil shale in that area were 4.5 billion barrel. It is also southwest of Quseir, E. D., Egypt.
noticed that the economic importance of the oil shale

increases when the calorific value of the black shale is Geological and Structural settings:

more than 800 KCalory/Kg during burning, (Dyni,

The geology of the area under study and its

2003). vicinity is described by many authors such as Baron and
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Hume (1902), Ball (1916), Beadnell (1924), Youssef
(1957), Faris and Hassan (1959), Akkad and Dardir
(1966), Abdel Razik (1972and1967), lIssawi et al.,
(1971and 1969), Tarabili (1969and 1966) and Gindy et
al., (1976and 1973).The geology of the study area
consists of metagabbro, younger granite, Duwi
Formation, Dakhla Shales (oil shale bearing formation),
Tarawan Chalk and Quaternary sediments (Fig. 2). The
Precambrian rocks in the area are represented mainly by
the metagabbro and younger granites. The phosphates of
the Duwi Formation conformably overlie the Quseir
variegated Shale and underlie the Dakhla Shale. A
carbonate bed equivalent to the Tarawan Chalk overlies
the Dakhla Formation in this area. The Quaternary
sediments bound the different rock units in the study
area and fill the main wadies.
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Fig. (2): Surface geologic map of the study
area, southwest of Quseir, E. D., Egypt
(after Sabet, et al., 1976).

The subsurface lithostratigraphic setting of the
study area was described by Centrium Company (2008)
using a drilled Well No. 5. The lithostratigraphic
column (Fig. 3) of the drilled well No. 5 inside the study
area gives detailed description of the subsurface units
recorded from the ground surface until 400m depth. It
starts from bottom with the Duwi Formation, then
Dakhla Formation and followed upwardly with Tarawn
Formation.

According to Khalil and McClay (2002), the study
area and its vicinityare affected by the Red Sea rift
system which exhibitsexcellent outcrop examples of
kilometric scale and extensional fault-related folds. The
faults of the Red Sea rift border fault system consist of a
series of WNW and NW-trending segments. The
hanging-wall structure of the border fault system is
characterized by a series of offset large, doubly-
plunging, asymmetric hanging-wall synclines with non-
linear axial traces sub-parallel to the faults. These folds
result from along-strike displacement variations on the
individual fault segments together with extension-
related fault-propagation folding as the faults
propagated upwards through a highly anisotropic pre-
rift sedimentary section. The hanging-wall synclines
and their relationships to fault displacement indicate

that they are formed by extensional fault propagation
folding rather than by frictional drag along the fault
surface. These structural elements are in accordance
with the field evidences and observations at the study
area that show the presence of NW trending
asymmetrical syncline as a trough between two ridges
of Precambrian rocks to the east and west of the study
area, Fig. (2).
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Fig. (3): Litho-stratigraphic column of Well No. (5)
inside the study area, southwest of Quseir, E. D.,
Egypt. (after Centrium Company (2008)).

Field survey and Data processing:

Magnetic field measurements carried out along
(26) profiles trending N-S.Each profile was (1250 m)
with a separation of (50m) while the station separation
was (25m) Fig. (4).
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Fig. (4): Electrical and magnetic surveys
Layout map of the study area, southwest
of Quseir, E. D., Egypt.
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The observed data was corrected for the diurnal
variations and levelled using tie lines to produce the
total magnetic intensity map (Fig. 5). This map was
reduced to the north magnetic pole using 1° (inclination
angle) = (38°)& D° (declination angle) = (3.7°) at the
survey date to obtain the reduced to the north magnetic
pole map (RTP) (Fig. 6). This RTP map was treated by
power spectrum technique using FFT (Fast Fourier
Transform)and the resulted spectrum is shown in Fig.
(7). It is used to separate the shallow magnetic sources
(residual magnetic map), Fig. (8), from the deep seated
ones (regional magnetic map), Fig.(9). The 3D Euler
deconvolution with structure index of (0, magnetic
contacts) technique was applied to the regional and
residual magnetic maps in order to locate the magnetic
sources and their depths as shown in (Figs.10 and 11),
respectively.

The electrical resistivity survey was carried out
using ELREC-T tool and consists of (7) wertical
electrical soundings (VES) using Shlumberger array
with AB/2 values ranging from 500 to 600 m (Fig. 4).
The field data was processed using Ato program of
Zohdy (1989) to obtain the multi-layer model, and
IPI2Win (Moscow State University, 2001) to obtain the
layering model where the automatic curve-matching
computer program results in a geoelectric model (Fig.
12). Moreover, four 2-D earth resistivity images using a
Wenner array with profile length ranging between 550
and 800 m (Fig. 4). The observed data was processed
using RES2DINV program (Loke and Barker, 1996 and
Loke, 2002) (Fig. 13-16).

34°17'30" 34°18'00" >
30000 o
\ =
100.2
76.9
61.0
50.9
411
327
26.0
19.3
14.2
9.8
52
-2.0
-11.7
RTP
(nT)
34°17'30" 629500 63000034“18’00"
250 0 250
wGs 54(/'“5;%;51)ans 36N
Fig. (6): The RTP map of the study area,
southwest of Quseir, E.D., Egypt.
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Fig. (7) Radially averaged power spectrum
and depth estimate of the RTP magnetic map

of the study area, southwest of
Quseir, E. D., Egypt.

Fig. (5): The total intensity magnetic map of the
study area, southwest of Quseir, E. D., Egypt.
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Fig. (8): The residual RTP magnetic map of the
study area, southwest of Quseir, E. D., Egypt.
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Fig. (9): The regional RTP magnetic map of the
study area, southwest of Quseir, E. D., Egypt.

Fig. (10): Euler solutions (SI= 0) superimposed
on the regional map of the study area, southwest
of Quseir, E. D., Egypt.
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Fig. (11): Euler solutions (SI= 0) superimposed on the residual map
of the study area, southwest of Quseir, E. D., Egypt.
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Fig. (12): Analysis of VES No. 1 (a) smoothed field curve, (b) multilayer
model of Zohdy, and (c) layering model of IPI12Win.
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Fig. (13): Interpreted resistivity inverse model of profile No. 1 (as assigned in Fig. 11).
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Data interpretation and discussion

The reduced to the north magnetic pole map
(RTP) (Fig. 6) shows three high positive magnetic
anomalous zones in the northeast, southeast and western
portions of the mapped area. They range in magnetic
intensity values from (25 to 220 nT) which emphasizes
the presence of the basement rocks at these locations.
The other zones of the study area show a low magnetic
anomaly ranging in magnetic intensity values -33 to 10
nT which represents a sedimentary basin of down
faulted blocks.

The RTP map was subjected to the FFT to
produce a power spectrum represents the RTP map in
form of frequency domain to separate the shallow
magnetic sources (residual component) from the deeper
ones (regional component) (Bird, 1997; Sadek et al.,
1984; Treital et al., 1971; Spector and Grant, 1970). The
spectrum shows near-surface (residual) magnetic
component mapat a depth of about 92 m and the deep-
seated (regional) magnetic component map at a depth of
about 148 m depth,(Fig. 7).

3-D Euler Deconvolution technique is applied on
filtered magnetic maps (Figs. 10&11)using a structural
index of (0) to locate the magnetic contacts and their
proper depths (Thompson, 1982 and Reid et al.,
1990).Euler solutions of good clustering along linear
segments trending in NW, NE and NS directions.
Moreover, the Euler solutions provide depth estimation
to these structures. These depths estimated for the near-
surface structures range from 30 to 90m. Meanwhile,
depths range from 90m to more than 150m for the deep-
seated structures with the general increase to wards the
northwest, Figures (10 and 11).

Structural interpretation according to Dobrin and
Savit (1988) and Afflek (1963) was done by careful
examination of the RTP, regional and residual magnetic
maps (Figs. 6, 7, 8&9) and provide a structure tectonic
map represents the structural lineaments of the study
area, Fig.(17). Such lineaments are presented
statistically through rose diagram to delineate the major
and minor structural lineaments affecting the area under
study, Fig. (18). It shows structural elements that are
oriented mostly in NNW, NW, N-S, NE and NNE
directions as predominant trends and WNW and ENE as
secondary trends. It is evident from these results that,
the outlined interpreted magnetic structural lineaments
at the near-surface level are still highly recognized at
the deep-seated one at the study area.

The four imaging profiles (Figs. 13- 16) proved
that the Tarawan, Dakhla and Duwi formations increase
in thicknesses towards north and northeast and vanished
towards the western parts where the calcareous shale
and Quseir variegated shale appear. All 2D- resistivity
sections indicate that the area is affected by faults in
different directions. These faults are in accordance with
that deduced from the ground magnetic maps of the
study area proving the existing of several faults in
different directions including NW, NNW, N-S, NNE
and NE.
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Fig. (17): Interpreted tectonic map of the study area,

southwest of Quseir, E.D., Egypt.
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Fig. (18): Rose diagram of structural elements
measured in the study area, southwest
of Quseir, E.D., Egypt.

The geoelectric layers obtained from the IPI2win
program are represented as resistivity and depth bar
sections beneath their sounding locations (Figs.19 -
22).The interpreted geoelectric models (Figs.19 -
22)pointed that the area has five to six geoelectric
layers. Generally, the area attains low to moderate
resistivity values with some exceptions for the bedrock
layer. The uppermost layer is interpreted as Quaternary
sediments which is characterized by moderate to high
resistivity values with an average value of 137.5 Q-m.
Its thickness ranges between 0.5 and 15m.

The second layer mostly represents the Tarwan
Formation with an average resistivity of 13.2 Q-m and
an average thickness of 22.5m with a general increase
towards the North and Northeast. The third layer
recorded remarkable decreasing of average resistivity to
2.5 Q-m, representing the black shale forming Dakhla
Formation with an average thickness of about 61.9m.
There is a general increase in the thickness of this layer
toward the north and northeast. The phosphatic
limestone of the Duwi Formation represents the fourth
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layer which indicates relative increasing of the o —
resistivity values compared with those of the third layer d VB an S o we e 7w L 0 e 5 O
to reach 10.9 Q-m as an average value. It was observed i T / 3

that this layer disappears at the locations of soundings 3,
5 and 7 to the west and southwest of the area. The fifth
and six layers represent the calcareous shale and the
Quseir variegated shale. The fifth layer has 3.7 Q-m
with relatively moderate average thickness of about ]
17m, while the variegated shale layer attains an average 1007
thickness of about 73m and average resistivity of 1.6 Q- ]
m. The bedrock is observed at the locations of ]
soundings 3, 5, 6 and 7 with a high to very high
resistivity values. It is shallow at sounding No. 7 while ]
it became deeper at soundings 3, 5 and 6, respectively.
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SUMMARY AND CONCLUSION

The ground magnetic data shows the structural
elements in the study area that are oriented mostly in
NNW, NW, N-S, NE and NNE directions as
predominant trends and WNW and ENE as secondary
trends. Also the 3D Euler deconvolution emphasis that
the thickness of the basin increases toward the north and
northwest of the study area as the estimated depths
reach greater than 150 m.It is restricted by the
asymmetrical synclinal fold coincides with the

= Depths in meters

u 50 100m

[ calcareous Shale
N variegated Shale

B Bedrock increasing in the thickness of the Tarawan, Dakhla and

Fig. (19): Geoelectric bar-section (a-a’) the _DUWI formatloqs. The Dakhla shale (oil shale
of VES's 3. 2 and 1 bearing formation) is found beneath the central and

’ : northern parts of the study area as deduced from the

s Diswnconmewrs _—_— geo-electrical observations reaches to 88m in thickness

and extends horizontally to 700m, while the Quseir
variegated shale is mainly occurred along the western
part of the study area.
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