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ABSTRACT

A new exploration method was developed by Saunders et al. (1993) which uses surface
and aerial gamma-ray spectral measurements in prospecting for hydrocarbon
accumulations in stratigraphic and structural traps. This method was applied on the
recorded aerial gamma-ray spectrometric survey data of the Bahariya Oasis area,
Northern Western Desert, Egypt. The study area displays a special importance in recent
years, due to the discovery of economic iron ore deposits in Algedida and Nasser areas
as well as petroleum in economic quantities in a near-by area.
The application of this method on the survey data led to the identi®cation of nine zones
along nine pro®les over the study area, which show valid anomalies. These zones may
de®ne possible subsurface hydrocarbon deposits within the area under consideration.

Keywords: airborne geophysics; Gamma-ray spectrometric survey; hydrocarbon

exploration; stratigraphic and structural petroleum traps.
INTRODUCTION

The Bahariya Oasis, which represents the study area, is a large, oval-shaped NEoriented depression located in the north-central part of the Western Desert of
Egypt. It has a surface area of about 1,800 sq. km. The study area, between latitudes
28 00 N & 28 30 N and longitudes 28 30 E & 29 15 E (Fig. 1), is located almost
160 km to the west of the Nile Valley and 320 km to the southwest of Cairo, the
capital of Egypt. An airborne geophysical survey for the Bahariya Oasis, carried out
in 1984 by Aeroservice Division, Western Geophysical Company of America,
U.S.A., involved an aeroradiospectrometric as well as an aeromagnetic survey. The
two surveys were conducted simultaneously along parallel ¯ight lines that were
oriented in a N-S direction at 1.5 km spacing, while the tie lines were ¯own
perpendicularly in an E-W direction at 10 km intervals. The multi-channel
radiospectrometric and total magnetic intensity measurements were made at
relatively 304 f (92.65 m) intervals at a nominal sensor altitude of 120 m terrain
clearance (Aero-Service 1984).
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Figure 1 : Location map of the Bahariya Oasis area, Northern Western Desert, Egypt.

PREVIOUS WORK
Geological studies

Several authors have studied the geology of the investigated area. The following
is a brief review of the literature published on this area. Hume (1911) studied the
stratigraphy of the Eocene plateau at the northern scarp of Bahariya Oasis,
Egypt and drew a geologic map to a scale of 1:200,000. Faris et al. (1956) brie¯y
studied the stratigraphy and volcanicity of Bahariya Oasis of Egypt. Al-Akkad
and Issawi (1963) studied the geology and iron ore deposits of Bahariya Oasis,
Egypt, and named the calcareous beds overlying the Bahariya Formation as the
Al-Heiz Formation. Soliman and El-Badry (1970) studied the lithostratigraphy
of the Bahariya Oasis, Egypt, described the petrography of six sections of
Bahariya and gave the name Dolostone Formation for the chalk formation of
Al-Akkad and Issawi (1963). El-Shazly et al. (1976) studied the geology of the
Northern Western Desert of Egypt including Bahariya Oasis of Egypt. In 1976,
an airborne geophysical team of the Geology and Nuclear Raw Materials Dept.,
Atomic Energy Establishment, Cairo, Egypt, radiospectrometrically surveyed
the Bahariya Oasis area, Egypt, and discovered the Gabal Al-Hufuf radioactive
anomaly. Morsy (1987) studied the geology and radioactivity of the Late
Cretaceous-Tertiary Bahariya-Farafra Oases areas, Egypt, and recorded 68
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radioactive anomalies in the study area, 59 of which were lithologically
controlled and distributed in all studied formations. The rest (9 anomalies) were
structurally controlled. The anomalies controlled by lithology were mostly
recorded in sandstone, black sand-bearing sandstone and phosphate beds.
Moustafa et al. (2003) studied the structural setting, evaluated the tectonics of
Bahariya Oasis of Egypt and drew a detailed ®eld structural map of the
depression and its surrounding plateau to scale of 1:20,000.
Geophysical studies

Bahariya Oasis, Northern Western Desert, Egypt was the target of various
geophysical researches. Gravity surveys were carried out for this region by Sahara
Petroleum Company. In addition, an aeroradiospectrometric survey was carried
out by the Geology and Nuclear Raw Materials Department, Atomic Energy
Establishment in 1976 for the Oasis and its surroundings (Meshref et al. 1976).
Moreover, in 1982, an aeromagnetic survey was carried out by the Egyptian
Geological Survey and Mining Authority (EGSMA). A compiled geophysicalgeological work (1966-1967) was conducted by EGMSA for evaluating the
prospects of new iron ore deposits in the area. Awad et al. (1983) carried out
statistical gravity-trend analysis for the Bougeur gravity map of the northern
plateau of Bahariya Oasis to determine the prevailing structural elements. They
observed ®ve main trends, predominantly in the N35 W, N45 E, N75 W, N05 W
and N15 E directions. Sharaf et al. (1990) analyzed the Bouguer anomalies in the
Bahariya area to evaluate the subsurface lithology and structural features, and
showed from the residual anomaly map that the fault system that characterizes the
basement showed ®ve preferred trends in the following directions: N65 E, N35 E,
N35 W, E-W and N-S. Two sets of shear zones were also interpreted, which may
aect the basement and the overlying sedimentary section. They estimated the
depth to the basement surface and found it to be ranging between 0.4 km in some
parts to more than 5.5 km in others. This change in depth was not regular and the
area was characterized by the presence of several basins and uplifts. Abdelkhalek
(1993) used aeromagnetic and gamma-ray spectrometric maps to a scale of
1:250,000 to study the basement tectonics and surface lithologies, and concluded
that the depth to the basement in the study area ranged between 1500 and 4000 m
below sea level. In addition, the major tectonic trends in the area were shown to
possess the following directions: E-W, N65 W, N45 E, N03 W, N65 E, N15 W
and N25 E. EGSMA (1996) conducted a geophysical study including seismic
refraction, gravity, dipole-dipole electric resistivity as part of a contract to search
for additional iron ore reserves in Bahariya Oasis. They discovered new extensions
of iron ores to the east of El-Gedida mine for about one kilometre distance to the
south of the previously- considered barren area, used later as a farm. Besides, a
new extension of the ore was delineated at El-Harra area.
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OBJECTIVES OF THE STUDY

The present study deals essentially with the analysis and interpretation of the aerial
gamma-ray spectrometric survey data acquired over the Bahariya Oasis area. These
analyses and interpretations are mainly devoted towards prospecting for
hydrocarbon accumulations in stratigraphic and structural traps.
GEOLOGIC SETTING

Sultan & Haleim (1988) divided the Mesozoic and Cenozoic sections of the
North western desert of Egypt into four major cycles, each terminated by a
marine transgression. The exposed rocks of the Bahariya Depression and its
surrounding plateaus range in age from Cenomanian to Middle Miocene and
belong to the third and fourth sedimentary cycles. They are of sedimentary
origin, except for basalt ¯ows and dolerite sills and dykes of Middle Miocene
age. A part of the Cretaceous succession was not deposited in the Bahariya area.
A brief description of the exposed rocks in the study area is given in the
following sections, starting from the oldest (Fig.2):

Figure 2: Geologic map of Bahariya Oasis area, Northern Western Desert,

Egypt (after Conoco Coral, 1986)
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Bahariya Formation

The Cenomanian Bahariya Formation (Said 1962), the oldest exposed rock unit in
the Bahariya Depression, is one of the main reservoirs in the oil and gas ®elds of the
Northern Western Desert of Egypt (Al-Ayouty 1990). Razzak, Abu-Gharadig,
Qarun and Khalda ®elds are examples of these reservoirs. The formation has a
maximum exposed thickness of 173.5 m and consists of a lower predominantly
sandstone member and an upper sandstone and variegated shale member.
Al-Heiz Formation

The upper Cenomanian El-Heiz Formation (Al-Akkad & Issawi 1963) consists
of clastics with occasional carbonate interbeds. A characteristic dolostone bed
with calcite geodes marks the top of the Formation that was deposited in a
shallow marine-marine environment. The Al-Heiz Formation is about 40 m
thick at Naqb El-Sellem in the southernmost part of the Depression, but
decreases in thickness to about 12 m at the northern scarp.
Al-Hefhuf Formation

The Al-Hefhuf Formation (Al-Akkad & Issawi 1963) of Campanian age (Ball &
Beadnell 1903, Issawi et al. 1996) has been divided into three mappable units as
follows:
1 - A basal 30 m-thick hard, light-brown siliceous dolomite that contains
rounded chert concretinos;
2 - A middle unit (about 70 m thick) consists of interbedded yellow and brown
limestone, marl, shale, and sandstone with a characteristic dark-brown
phosphatic sandstone marker bed at the top; and
3 - An upper unit (about 70 m thick) which is a massive, greyish-brown to bu
sandy, dolomitic limestone.
Khoman Formation

Al-Akkad & Issawi (1963) assigned the Khoman Formation. The Khoman
Formation consists of massive white chalk and is 30 to 45 m thick in the western
escarpment of the Bahariya Depression (Ball & Beadnell 1903, Zaghloul et al. 1993).
Naqb Formation

The Lower-Middle Eocene Naqb Formation is 68 m thick and consists of pinkishgrey, hard, and siliceous dolomitic limestone. This formation is unconformable on
various units in the Bahariya Oasis area (Said & Issawi 1964).
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Qazzun Formation

The 32 m thick Middle Eocene Qazzun Formation conformably overlies the
Naqb Formation (Said & Issawi 1964). It consists of white to grey chalky
nummulitic limestone that contains spherical siliceous concretinos at the top.
Al-Hamra Formation

The Middle to Upper Eocene Al-Hamra Formation (Said & Issaawi 1964) is 63
m thick and conformably overlies the Qazzun Formation. Yellow to yellowishbrown, highly fossiliferous limestone beds with few clastic intercalations have
been eroded into isolated hills on the eastern plateau of the Bahariya Oasis
Depression.
Volcanic rocks

Several small outcrops of baslt occur in the northern and central parts of the
Bahariya Oasis Depression. Petrographically, the volcanic rocks are olivine
basalts (Al-Akkad & Issawi 1963). They were assigned an Oligocene age by Ball
and Beadnel (1903) and Al-Akkad and Issawi (1963) based on their
stratigraphic position and their similarity to the basalts of Abu-Rawash, Gabal
Qatrani, and El-Bahnasa areas.
Quaternary sediments

Quaternary sediments in the Bahariya Oasis area are gravel terraces, talus,
sabkha and playa sediments, wind-blown sand, and alluvium. They occur within
the depression and are scattered over the surrounding plateaus.
METHODOLOGY

A new exploration method was developed by Saunders et al. (1993) which uses
surface and aerial gamma-ray spectral measurements in prospecting for
petroleum in stratigraphic and structural traps. Since the early 1950's, petroleum
exploration has experimented with gamma-radiation measurements as a
petroleum prospecting method (Armstrong & Heemstra 1973). Much of the
work has involved total count (T.C.) gamma-ray measurements that did not
identify the gamma-emitting radioelements. Data interpretation involved little
or no compensation for such variables such as surface lithology, soil moisture
content, vegetation shielding or counting geometry.
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The history of radioactivity measurements associated with produced oil dates
back to Bogoyavlenskiy (1929), who pointed out the inverse relationship
between ash activity and ash content in oil. An inverse relationship was shown
to exist between the uranium and ash contents of petroleum (Alekperov &
Efendiev 1959). The presence of uranium was also shown to be genetically
related to the content of organic matter in uranium-rich shales, and uranium
enrichment is enhanced by a low rate of sedimentation, which allows more
organic material to accumulate (Alekseev & Gottikh 1966, Serikov 1964).
Hydrocarbon deposits, especially those that are highly oxidizing in nature,
tend to accumulate heavy metals (Ball et al. 1960, Dunning 1957, Erickson et al.
1954, Lisitsin 1960). Fossil bones that contained large amounts of organic
matter accumulated unusually high concentrations of uranium from percolating
groundwater (Jaworowski & Pensko 1967). The high uranium concentrations in
peat are not derived from plants growing in uranium-bearing soils; but, instead,
the humus tends to absorb uranium by direct contact with water (Lopatkina et
al. 1970).
As hydrocarbons rise towards the surface, they may react chemically with
sulphates in groundwater to produce hydrogen sul®de (H2S), carbon dioxide
(CO2 and secondary carbonate mineralization (CaCO3 (Kartsev et al. 1959).
For example,
CnHm+3 CaSO4 = 3 CaCO3 + H2O + 3 H2S + CO2
Where, and are random ®gures that denote various possibilities of the
composition of a vast group of hydrocarbons. Sulfate-reducing bacteria in
groundwater can also accomplish this (Krauskopf 1967, Sassen 1980). They
obtain oxygen from sulfate ions and hydrogen sul®de byproducts:
2 H + SO24 + CH4 ÿ! CO2 + H2S + 2 H2O.
High carbon dioxide concentrations in groundwater can form carbonic acid
that can react with minerals (calcium silicates, for example) to create secondary
pore-®lling calcium carbonate mineralization and silici®cation (SiO2 (Kartsev
et al. 1959, Donovan et al. 1974). For example,
CaAl2Si6O16 + CO2 ÿ! CaCO3 + 6 SiO2 + Al2O3 .
This can result in rendering the near-surface materials more dense and
resistant to erosion The eects may be:
1 - Increased seismic velocity over the petroleum accumulation,
2 - Erosional topographic highs and consequent geomorphic anomalies, or
n
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3 - Dilution of the normal radioactive element concentrations with resultant
low-thorium gamma-ray activities over production.
The destruction of clay minerals by carbonic and organic acids can release
potassium and uranium for removal by groundwater leaching (Price 1986).
Potassium in sediments is contained primarily in the clay mineral illite and
occupies spaces between layers in the clay structure (Rankama 2& Sahama
1950).
When exposed to concentrations of other cations, possibly Ca , Mg2 or H ,
the potassium ions in illite may be replaced by them (Grim 1953). (Goldschmidt
1954) states: ``In soils and hydrolysate sediments (clays), a most important
process in equilibrium of adsorption and cation exchange is the competition
between potassium ions and what are commonly called hydrogen ions.'' In
water solution, the hydrogen ion H combines with a water molecule to form
H3O , hydronium ion, which has an ionic radius, 1.54A , close to that of the
potassium ion, 1.33A . Mutual exchange in an acidic solution seems quite
feasible. The microbial oxidation of microseeping hydrocarbons produces
hydronium ions,
CH4 + 2O2 ÿ! H2CO3 + H2O, and
H2CO3 + H2O ÿ! H3 O + HCO3
Which are believed to replace potassium ions in illite and releasing the
K ions to be removed in groundwater solution. In general, observations to-date
are in agreement with this model as it pertains to potassium. Thorium should
remain relatively ®xed in its original distribution in the heavy insoluble minerals
and observations generally con®rm this (Saunders et al. 1993).
There is some evidence that low-potassium anomalies may ``fade'' after ®elds
are depleted. The loss of pressure is thought to cause microseepage to cease
along with its alteration (Horvitz 1969). This might allow potassium to build up
again through groundwater in¯ux. Thus, the potassium concentration at any
given time could be the result of a dynamic equilibrium between rates of in¯ux
and removal. However, the situation with respect to uranium is more complex
than that for potassium (Saunders et al. 1993).
Microbially produced, hydrogen-sul®de-related, chemically reducing
environments can result in a build-up of uranium concentrations with time
(Adler 1974). Uranium has two valence stats. The oxidized form, the uranyl ion
(UO2 , is soluble in groundwater. Reduction converts UO2 to UO2. Thus,
uranium will tend to migrate from an oxidizing environment to a reducing one,
where its concentration will increase over time. If conditions are right, a
sedimentary uranium deposit may be formed. Thus, lesser build-up of uranium
in surface sediments may be useful clues to petroleum at depth (Saunders et al.
1993).
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SIMPLIEFIED NORMALIZATION METHOD

According to Saunders et al. (1993), the hydrocarbon microseepage involves
vertical ascent of ultra-small (colloidal size) gas bubbles of light hydrocarbon
(methane through butanes) through a network of interconnected, groundwater®lled joints and bedding planes as suggested by MacElvain (1969) and Saunders
et al. (1991). When the bubbles reach the surface of the water table, ®rst they
enter the interstitial soil gases, where they may be sampled and detected by
sensitive gas chromatography, and then they escape into the atmosphere where
they may be detected by airborne microwave spectrometry.
Normalizing to thorium will suppress these eects. This similarity in behavior
allows use of the thorium value to roughly predict uranium and potassium by
determining their general relationships. Signi®cant dierences between predicted
(or ``ideal'') uranium and potassium amounts, and actual (measured) values
must be due to factors other than lithology, soil moisture, vegetation, shielding
or counting geometry. By measuring these secondary eects, one can de®ne
possible petroleum prospects (Saunders et al. 1993).
Using the procedure of Saunders et al. (1993), equivalent uranium and
potassium data of aerial gamma-ray spectral pro®les were normalized to
equivalent thorium data. Plots were made for the ®eld-measured K versus eTh
as well as eU versus eTh values for all stations (readings). Various linear,
logarithmic and second-order curve ®tting procedures were tried, and the
simplest eective equations (1) and (1) relating these variables were determined
to be linear and pass through the origin. The slopes of the lines were determined
by the ratios of either the mean K to mean eTh , or mean eU to mean eTh .
These equations are (Saunders et al. 1993):
mean K
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where K is the ideal (calculated) equivalent thorium-de®ned potassium value
for the station with a real thorium value of eTh and eU is the ideal (calculated)
equivalent thorium-de®ned equivalent uranium value of eTh for that station.
Using this approach, the equations were calculated directly from the data, and
quick ®eld evaluations may be made without preparing the plots and resorting to
curve ®tting. Deviations of the real values from the calculated ideal values for
each station were obtained using equations of the form (Saunders et al. 1993).
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%  eUseUÿ eUi

eUD

s

4

where K and eU are the measured (real) values at the station, and KD% and eUD%
are the relative K and eU deviations expressed as fractions of the station values.
Experience has shown that KD% yields small negative values and eUD% yields
smaller negative or sometimes positive values over petroleum accumulations
(Saunders et al. 1993). KD% and eUD% variations can be combined as a single
positive number, DRAD, which is dierence between them (Saunders et al. 1993):
DRAD  eUD% ÿ KD%
5
where positive DRAD values are favourable indications of petroleum
accumulation.
s

s

DISCUSION AND INTERPRETATION OF THE RESULTS
General

The three variables (K, eU and eTh) for the study area are in the form of
contour maps, scale 1:50,000. These variables were digitized onto a grid of 1500
x 1000 m, laid down on the three contour maps. The pro®les of this grid were set
in the direction of ¯ight paths (N-S) and attained 50 pro®les. The ®rst pro®le
was located at 369000 m E and the last pro®le at 442500 m E.
Statistical evaluation of the pro®le data

The characteristics and ¯uctuations of DRAD values in areas not situated over
identi®ed oil- or gas-producing ®elds may be estimated by examination of the
pro®les in those areas. Table 1 lists pro®le background stations located over the
study area which are not currently known to produce oil or gas, as well as
arithmetic means (X and standard deviations (S).
Deviations (S) for each pro®le data set are treated as representing one population. A
conservative estimate of background statistical parameters is based on the population.
ThemeanDRADarithmeticmeanplusthreestandarddeviations(X+3S)reaches1.571
for this data set (Table 1). Any single pro®le (X value greater than this quantity has a
probability of 99.87% that it represents a valid anomaly that is not caused by random
variations in the background values (Elkins 1940, Saunders 1989).
El-Sadek (2002) applied these criteria on three variables (eU, eTh and K)
measured in Wadi Araba area, Northern Eastern Desert, Egypt by aerial -ray
pectrometric survey. This study led to identify one location along one ¯ight line
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over the study area, which has valid anomalies, and might indicate a prospective
petroleum accumulation. This area lies near the Gulf of Suez, which is known to
encompass many producing oil ®elds.
Because of radon ¯uctuations, it is improbable for adjacent points on a
pro®le to be simultaneously anomalous. The presence of a statistically valid
DRAD anomaly can enhance the probability of wildcat success, but it does not
eliminate the possibility of a dry hole. Experience has demonstrated that DRAD
anomalies may be found only over portions of ®elds and cannot be used to
determine production boundaries accurately (Saunders et al. 1993).
Discussion of the signi®cant pro®le data

Comparative data of K , eU , eTh , KD%, eUD% and DRAD were plotted for
50 pro®les to illustrate typical crossovers. The application of the statistical
evaluation has led to the identi®cation of nine stations along nine pro®les (Figs.
3 to 11) within the study area that are statistically valid (Table 1).
The following discussion is devoted to these nine pro®les:
s

s

s

Pro®le No. 28

Plots of -ray aeroradiospectrometric survey data over pro®le No. 28 are presented
in Figure 3A. The unprocessed (measured or real) data of potassium (K ,
equivalent uranium (eU  and equivalent thorium (eTh  are correlated with
lithologic changes in the study area. The ®eld measured eUs pro®le shows relatively
lower values than the ®eld measured eTh pro®le. After applying thorium
normalization to suppress the eect of lithologic changes, KD% shows two negative
zones displayed in Figure 3B, the ®rst one is prominent at a distance changing from
600 to 607.5 km and the other at a distance ranging from 610 to 616.4 km. The
corresponding eUD% high or positive zones are displayed with consequent positive
DRAD zones, where crossovers occur and are indicated by hatched patterns.
s

s

s

s

Pro®le No. 34

Figure 4 shows the data from pro®le No. 34. The unprocessed (measured or real) data
of potassium (K , equivalent uranium (eU  and equivalent thorium (eTh  survey
data show a well-de®ned relation for a distance ranging from 590 to 615 km (Fig. 4A)
and at a distance oscillating from 620 to 632 km (Fig. 26A). In comparison, the
unprocessed K , eU , and eTh data do not show any well- de®ned relation, especially
inthedistancesvaryingfrom615to620kmandfrom632to635km.TheplotofKD%
(Fig. 4B) shows one negative large zone, which is accompanied by higher eUD% and
positive DRAD values. This zone occupies a distance ranging from 590 to 615 km.
s

s

s

s

s

s
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Table 1: Statistical parameters (X& S) computed for DRAD values for the Bahariya

Oasis area, Northern Western Desert, Egypt.

Pro®le No.

X(m)

Min. value Max. value Arithmetic Standard
(DRAD) (DRAD) mean (X) Deviation (S)

X  3S

1
369000
-1.346
0.695
-0.205
0.474
1.215
2
370500
-1.239
0.589
-0.140
0.466
1.258
3
372000
-3.434
0.897
-0.228
0.724
1.945
4
373500
-2.113
0.944
-0.250
0.652
1.705
5
375000
-0.940
0.535
-0.128
0.333
0.872
6
376500
-2.744
0.682
-0.337
0.741
1.886
7
378000
-2.042
0.591
-0.225
0.492
1.250
8
379500
-1.447
0.799
-0.196
0.439
1.120
9
381000
-1.440
0.608
-0.100
0.358
0.974
10
382500
-4.256
1.229
-0.228
0.804
2.183
11
384000
-0.930
0.681
-0.034
0.354
1.029
12
385500
-1.054
0.634
-0.070
0.348
0.975
13
387000
-1.010
0.890
-0.048
0.409
1.179
14
388500
-1.173
0.577
-0.038
0.391
1.136
15
390000
-2.239
0.619
-0.062
0.488
1.401
16
391500
-0.934
0.834
0.018
0.379
1.156
17
393000
-1.172
0.693
0.017
0.373
1.136
18
394500
-1.072
1.132
-0.029
0.415
1.217
19
396000
-1.861
0.741
-0.048
0.408
1.175
20
397500
-1.097
0.736
0.016
0.427
1.297
21
399000
-0.827
0.575
0.004
0.334
1.006
22
400500
-0.597
0.720
0.016
0.320
0.976
23
402000
-0.645
1.021
0.002
0.389
1.170
24
403500
-1.392
0.575
-0.038
0.426
1.240
25
405000
-1.301
0.687
-0.017
0.399
1.179
26
406500
-0.767
0.589
-0.037
0.351
1.016
27
408000
-0.928
0.914
0.022
0.390
1.191
28
409500
-1.241
1.963
0.014
0.541
1.639
29
411000
-1.347
1.322
0.103
0.531
1.696
30
412500
-1.233
1.300
0.113
0.584
1.864
31
414000
-2.524
1.366
0.024
0.573
1.741
32
415500
-1.942
1.372
0.046
0.562
1.733
33
417000
-1.482
1.173
0.089
0.558
1.764
34
418500
-3.045
1.627
0.241
0.907
2.961
35
420000
-1.578
1.563
0.348
0.759
2.624
36
421500
-1.423
2.552
0.393
0.773
2.712
37
423000
-0.943
1.987
0.262
0.652
2.219
38
424500
-4.448
2.376
0.406
1.014
3.448
39
426000
-0.836
0.707
-0.011
0.366
1.087
40
427500
-1.071
0.752
-0.036
0.318
0.919
41
429000
-1.348
0.972
-0.001
0.434
1.301
42
430500
-1.329
0.793
0.010
0.446
1.347
43
432000
-1.904
1.254
0.006
0.586
1.764
44
433500
-1.827
1.555
0.189
0.744
2.419
45
435000
-2.618
2.539
0.129
0.854
2.691
46
436500
-0.964
2.461
0.159
0.702
2.264
47
438000
-1.206
1.599
0.090
0.552
1.747
48
439500
-1.346
1.076
0.096
0.603
1.905
49
441000
-0.756
1.310
0.081
0.454
1.443
50
442500
-1.149
1.659
0.058
0.447
1.400
Grand mean
~
~
~
0.009
0.521
1.571
N.B.: Hatched blocks identify nine locations along the nine pro®les Nos. 28, 34, 36, 37, 38, 45, 46,
47 and 50 that may de®ne probable subsurface petroleum accumulations.

Exploration for hydrocarbon prospects using aerial spectral radiometric survey data in Egypt

145

Fig. (3): Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data

(B) for pro®le Number 28, Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 4: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 34 , Bahariya Oasis area, Northern Western Desert, Egypt
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Pro®le No. 36

Plots of aeroradiospectrometric survey data over pro®le No. 36 are presented in
Fig. 5A. The unprocessed data of potassium (K , equivalent uranium (eU  and
equivalent thorium (eTh  show a well-de®ned relation at a distance ranging
from 590 to 618 km. At a distance from 618 to 643 km, both eUs and eTh show
a well-de®ned relation, while K do not show any relation with eU and
eTh (Fig. 5A). The processed data show one negative large zone of KD%. This
zone lies at a distance ranging from 590 to 618 km (Fig. 5B ).
s

s

s

s

s

S

s

Pro®le No. 37

Figure 6 shows the data from pro®le No. 37. The unprocessed data of
equivalent uranium (eU  and equivalent thorium (eTh  show a well-de®ned
relation along most of the distance of the pro®le (Fig. 6A). Meanwhile, the real
data of potassium (K  shows a de®ned relation with eUs and eTh at a distance
ranging from 590 to 620 km and from 630 to 643 km (Fig. 6A). After applying
thorium normalization, KD% shows one negative large zone, that zone lies at a
distance ranging from 590 to 618 km (Fig. 6B).
s

s

s

s

Pro®le No. 38

The unprocessed data of pro®le No. 38 show a good relation between equivalent
thorium (eTh  and equivalent uranium (eU  along the pro®le as shown on Fig.
7A. Potassium shows a good relation at two zones, the ®rst at a distance ranging
between 590 to 615 km and the second at a distance ranging between 625 to 635
km. The processed data (Fig. 7B) shows three positive DRAD zones. The ®rst,
second and third zones occupy distances ranging between 590 and 598.5 km,
599.5 and 617.5 km and 622.5 and 636 km, respectively.
s

s

Pro®le No. 45

Plots of aeroradiospectrometric survey data over pro®le No. 45 are presented in
Fig. 8. The unprocessed data of equivalent thorium (eTh  and equivalent
uranium (eU  show a well-de®ned relation at two distances ranging from 601 to
612 km and 613 to 643 km. Meanwhile, the unprocessed data of equivalent
thorium (eTh  and potassium K% show good relation at a distance oscillating
between 601 and 624 km (Fig. 8A). Two positive zones of DRAD values are
shown in Fig. 8B, the ®rst zone is encountered at a distance ranging between 592
and 610 km while the second zone is located at a distance varying between 611.5
and 615 km.
s

s

s
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Pro®le No. 46

Figure 9 shows the unprocessed and processed data over pro®le No. 46. The
unprocessed data of equivalent thorium (eTh  and potassium K% show good
relation along the whole pro®le (Fig. 9A). After applying thorium
normalization, KD% shows two negative zones displayed in Fig. 9B. The ®rst
zone is located at a distance ranging between 590 and 609.9 km, while the
second zone is found between 612 and 617 km.
s

Pro®le No. 47

Plots of aeroradiospectrometric survey data over pro®le No. 47 are presented in
Fig. 10. The unprocessed (measured or real) data of potassium (K  and
equivalent thorium (eTh  show a good relation along the whole pro®le. In
contrast, equivalent uranium (eU  does not show any relation as shown in
Figure 10A. The processed data shows three distinct zones of positive DRAD
values corresponding to negative KD% values. The ®rst zone is encountered at
a distance ranging between 590 and 604 km, the second between 610 and 612.5
km and the third between 614 and 617.7 km (Fig. 10B).
s

s

s

Pro®le No. 50

The unprocessed (measured or real) data of pro®le No. 50 show a good relation
between equivalent thorium (eTh  and potassium (K  along the pro®le as
shown on Figure 11A. In comparison, this relation is not clear with equivalent
uranium (eU . The processed data shows one distinctive zone of negative
KD%, which occupies a distance ranging between 590 and 615 km (Fig. 11B).
s

s

s
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Fig. 5: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 36 , Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 6: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 37 , Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 7: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 38 , Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 8: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 45 , Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 9: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data (B)

for pro®le Number 46, Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 10: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data

(B) for pro®le Number 47, Bahariya Oasis area, Northern Western Desert, Egypt
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Fig. 11: Unprocessed Ks , eUs and eThs data (A), and processed KD%, eUD% and DRAD data

(B) for pro®le Number 50 , Bahariya Oasis area, Northern Western Desert, Egypt
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All the nine pro®les show a crossover of eUD% and KD% creating positive
DRAD zones, as indicated by hatched patterns. These zones may de®ne possible
subsurface petroleum accumulations. These nine zones are located in the
southeastern part of the area under investigation (Fig. 12) around the Sandstone
Hills structural belt (Moustafa et al. 2003), which represents an ENE-oriented
monocline. The Sandstone Hills monocline most probably is underlain by a
deep-seated ENE oriented-fault that was formed by the drape of the Cretaceous
rocks over this fault (Stearns 1971). The regional magnetic map of the study
area shows the same direction of the ENE-structural trend, which means that
the false- colored (®lled-color) aeromagnetic map of the study area, at its
southeastern part, is well-compatible with surface lithologies. Most of the
statistically-valid anomaly points lie to the north of the north monocline at the
Bahariya Formation.

Fig. 12: Locations of DRAD statistically-valid anomaly points superimposed on the geologic map

and the regional magnetic map, of Bahariya Oasis area, Northern Eastern Desert, Egypt
CONCLUSIONS

A new exploration method was developed using aerial gamma-ray spectral
measurements to prospect for petroleum in stratigraphic and structural traps.
This method was applied on the recorded aerial gamma-ray spectrometric
survey data of the study area.
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The application of this method led to identi®cation of nine zones along nine
pro®les over the study area, that possess valid anomalies. All the nine pro®les
show a crossover of eUD% and KD% creating positive DRAD zones. The nine
zones were projected on geological and the regional magnetic-component maps.
On the geological map, these zones are located around the Sandstone Hills
structural belt, which represents an ENE-oriented monocline, most probably
underlain by a deep-seated ENE-oriented fault. On the regional magneticcomponent map, the nine zones of DRAD anomalies are located around the
areas of low magnetic anomalies, where the depth to the basement is relatively
high. These zones might indicate prospective petroleum accumulations in the
Bahariya Oasis area, Northern Western Desert, Egypt.
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