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ABSTRACT. The aim of the present study is to evaluate the sub-bottom
geological setting of Qusier-Mersa Alam offshore area in relation to possi-
ble hydrocarbon entrapment. Marine gravity, as well as bathymetric data in
addition to one seismic and two well fogs have been used for this evaluation.

One subsurface geological map for shallow structures and two NE-SW
geological models, are constructed to illustrate the tentative picture of the
basement and its overlying sediments.

The results show a clysmic NW-SE major trend of faults dissect the conti-
nental and/or Oceanic Crust and form an alternation of grabens and horsts.
A minor NE-SW trend of faults is also observed, The deep seated structures
are framed out into a great monoclinal feature dipping westward with a
rapid thinning of the continental crusts. This study points out the possibility
of hydrocarbon resources occurrence within the wedges and truncations of
the Post Miocene interfaces.

Introduction

Quseir-Mersa Alam offshore area lies on the northern part of the Red Sea (Fig. 1). It
is confined between latitudes 25°N and 26°N and longitudes 34°FE and 35°30'E. The
bathymetric data show that the sea water depth, in the area, is between 100 m (at the

west) and 1000 m (at the extreme eastern border).

Tectonically, the Red Sea development is a result of the relative motion of the
Arabian-African plates (Darke and Girdler 1964; Lowell and Genik 1972).
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Area under study.

Moreover, Rosser (1975), based on magnetic anomalies, proved that sea floor
spreading contributes its development. Recently, Kabbani (1970), pointed out that
the origin of the Red Sea basin is a result of different phases of arching, thinning,
stretching and intensive faulting (due to continuous rif-ing system). However, it is
important to mention that: (i) the tectonic activities continued intermittently until
the present time. as indicated by the presence of hot brines in the Red Sea (Barker
and Schoell 1972). (i1) regional major faults that trend "INW-SSE are present at the
Red Sea graben shoulders. (iii) major (NNE-SSW) cr: ss-faults are clear on landsat
images of Wadi Araba and its surroundings.

Available Data and Methods of Inf-rpretation

The available data include a Bouguer gravity o-ao - <ig. 2). a NE-SW Seismic sec-
tion (Fig. 3), and two composite logs of Qusier B~ *{ and B-2X exploratory wells
(Fig. 4) all rrovided by the WEPCO company
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Fi6. 4. Tentative picture of the subbottom geology along a profile between Quseir A-1X and B-1X
exploratory wells.

Bouguer Data Analysis

About 1500 gravity data points, at the corners of 2 km side mesh squares, were
picked from the Bouguer gravity map. The obtained data were subjected to different
filter analysis techniques (for grid spacings: 2, 4, 6 and 8 kms). The application of
least square technique for low order polynomial (Davis 1973) was tested and was
found to be the best expression for the regional trend in the study area. The resulting
regional and residual maps are shown in Fig. 5 and 6, respectively.

The second vertical derivative was calculated by using the Rosenbach’s technique
(1953). The resulted derivative anomaly map, for grid spacing 4 kms, 1s shown in Fig.
7. From the analysis of the previously obtained maps, a compiled shallow structural
map (Fig. 8) was constructed.

Model Studies

The modelling technique is facilitated by using the computer program introduced
by Talwani ef al. (1964), developed by Nagy (1974) and modified by Ajakaiye and
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Awad {1982). The basic theory starts by assuming an n-sided polygon to approximate
the outline of the vertical section of a two-dimensional body (Fig. 9). The gravity ef-
fect of this section is equal to the line integral around the perimeter (Hubbert 1948)
and is represented by the equation :

g=2Gpédzd 8
This equation was introduced by Telford et al. (1976) in the form :

n

g=2Gp % D,

!
i1

Mg { Xigy 3 Z0a1)

nm- of

verticel scetion

FiG. 9. Diagram showing the principle of two-dimensional modeling for gravity interpretation (after
Grant and West 19653).

where D, is the line integral due to the i th side of the polygon dipping by an angle ¢,,
extended between the two corners i, i + 1 and of coordinates (X, Z,), (X, ., , Z, . ,)
respectively.

cos8, (tan®, — tand,)
cos8, ., (tan®,  , — tand,)

= D, = a;sin ¢, cos b, ({8, -9, , ) + tan 9, log ( )

where : ‘
@ = X, —Z;,, cos d,
6, = tan"' (Z,/X,).

1 i~
and ¢, = tan (X——)

X,

it 1T N



Gravity Implications of Qusier-Mersa... 43

For the best model postulation, the following are considered :

a. Geological boundaries, interfaces between different formations, average dips
of different beds and fault planes with their relative displacements.,

b. Formation densities have to be available with the value of 1.03 x 10°kgm3is
taken for sea water density. The exploratory well Qusier Blx is taken as a reference
considering that the basement is of gabbroic type (oceanic crust) of density 2.825 x
10° kg m~3. :

¢. Bott and Smith (1958) proposed a formula for calculating the maximum depth
of basement structure which is used as a guide in modelling postulation.

Two profiles, C, D, and C, E,, running across the perpendicular to the predomin-
ant anomalies of the Bouguer and residual anomaly maps (Fig. 2 and 6) were
selected. For each profile, a certain stratigraphic geological model was postulated,
the coordinates of its corners were picked up and fed to the computer. The theoret-
ical anomaly profile is computed several times for each model. Each time, different
density contrasts, positions and shapes of stratigraphic bodies, are used.

Results and Discussion
Concerning the Bouguer Map

Referring to the composite log section (Fig. 4), inspection of the Bouguer map
(Fig. 2) shows that :

a. The study area is affected by given gravity belts, (AA’, BB', DD’ and EE" ) of
NW-SE trend parallel to the clysmic trend of the Red Sea. These belts comprise
many local anomalies of elliptic shape.

b. The area is dissected by a set of NW-SE trending faults, as indicated by the
maximum gradient zones (> 2.5 mgal/km) separating the gravity belts.

¢. The major negative belt AA’, is of about 12 mgal maximum relief and 190 km?.
It could be recognized as a synclinal feature, bounded by two faults (F, F,and F, F,)
from its eastern and western sides, respectively.

d. The positive belts DD’ and BB’ bound AA’ from the east and west respec-
tively. DD’ covers an area of about 200 km? and comprises the highest relief (28
mgal) throughout the extreme NE and SE of the study area. BB’ is about 12 mgal
maximum relief and covers about 750 km?.

e. The negative belt CC’ lies to the west of BB’ at the western border of the area
and has a maximum relief of about 8 mgal and covers an area of about 680 km?. It is
found that the two belts CC’ and BB’ are separated by a fault zone F, F,'. Moreover,
the general tendency, behaviour, and flowage of contour lines, defining the belt CC’
may suggest the existence of another fault F, F,'.

f. The belt EE’ lies at the eastern border of the map area. It is assumed that the
two belts EE' and DD’ are separated by the two faults F; F," and F, F,’ perpendicu-
lar to the Red Sea trend.

g. The dominating fault system F,, F,, F, and F, suggest that the study area is
structurally composed of successive horsts and grabens.

h. The inferred fault zones F; and F, are assumed to be of shallows origin.
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Concerning the Regional, Residual and
Second Vertical Derivative Gravity Maps

As shown in Fig. 5, the regional gravity map describes an increase of gravity field
from SW (10.0 mgal) to NE (54.0 mgal). This behaviour of the contour lines is prob-
ably due to a huge monoclinal feature of an axis dipping E-W. The attitude of the re-
gional gravity may show the general configuration of the basement complex.

The residual anomaly map (Fig. 6) shows a consistency of the same alternation
+ve and - ve anomaly belts (which are inspected before from the Bougeur map) as-
sociated with some changes in areal extent, relief, and gradient sharpiness. Accord-
ingly it is believed that :

a. These belts are of both deep on shallow origins i.e. corresponding causative
elements are affecting both basement and the overlying sedimentary section.

b. The main causative gravity anomalies are of structural origin rather than an ex-
cessive lithologic variation within the sedimentary section.

¢. The contribution of structural and hthologwal causative elements may be a
third source of the gravity anomalies.

The second vertical derivative map (Fig. 7) shows all of the fault zones and the in-
ferred alternation of grabens and horsts inspected from the Bouguer and residual
map.

Concerning the Compiled Structural Map

From the compiled shallow structural map (Fig. 8), it is remarked that :

a. The NW-SE trend is dominating all over the area. This may suggest that the
whole sedimentary section, in addition to the oceanic crustal basement, are affected
by this fault system {Gulf of Suez trend).

b. A minor NE-SW trend of cross faults exist. This trend is believed to be of shal-
‘lower and younger origin and of relatively sméller effect on the shallow sedimentary
section than the NW-SE trend.

c. The older NW-SE trend dissects the oceanic crust into blocks interacting to-
gether to form some like horsts and grabens which affect the shallow sedimentary
section.

Concerning the Two-Dimensional Models

The highest goodnesses of fit obtained are 0.834 and 0.848 for the resulting two
models (Fig. 10 and 11) representing the profiles C, £, and C, D; respectively. The
corresponding correlation coefficients are 0.913 and 0.921, respectively.

The study and investigation of both models show that each mode! is composed of
four sedimentary bodies covered, with sea water and is affected by the above men-
tioned probably structura] changes. The corresponding densities are adjusted to,
from bottom to top, 2.545 x 103, 2.655 x 10-3,2.975 X 103, and 2.645 x 10°kg.m"3,
The results show that the normal fault systems ( F, F,, Fyand F,) are confirmed to af-
fect the whole study area and to strike along the Red Sea clysmic trend. Another
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fault Fm is assumed to exist in the model rather than in the gravity map. The existing
normal faulting, in a closely parallel system of a dissection manner, may clarify the
rifting effect of Red Sea. The existence of oceanic Gabbro within the NE-extreme of
C, E, profile at a relatively shallow depth (5 km}), as evidenced in Qusier Blx-well
and indicated by the horstal belt DD’ (Fig. 2 and 8).

On a regional scale, the whole structural model fits into and satisfies the monocli-
nal feature which could be exhibited from the regional gravity map (Fig. 5). The gen-
eral trend of the basement surface’s attitude is trending to dip towards the western
side of the study area. This tendency may explain the thinning of the continental
crust eastward.

From a comparative quantitative analysis of the seismic section, from Sp. 16-E to
Sp. 233-W, and the nearby gravity model C, E,, concerning the basement average
depth and the fault displacements as determined for some structures, the following
tabulated results are obtained :

Depth (km) Displacement (km)
Beit Seismic Gravity Fault Seismic Gravity
section model section model
A'A 7.7 7.7 F, 1.0 1.2
B'B 7.8 7.5
ccC 5.0 52 ! 1.6 ! . ’
D'D 7.2 7.8 F, 3.0 3.1

The slight discrepancies between seismic and gravity results are probably due to
the end effect of the model (Grant and West 1965). Stratigraphic correlation bet-
ween the seismic section and the model shows that four common layers, rather than
sca water are overlying the basement. These layers are (from bottom to top):
metasediments, sand and shale sequences of Kareem-Rudeis formation, anhydrite,
and salt intercalated with sand and shale streaks. The two bottom layers overlying
the basement are wedged to the East of fault plane F, in both seismic section and
gravity models. Dealing with hydrocarbon potentiality expectation, it would be con-
fined to the sand/shale sequences of Kareem-Rudeis formation, particularly on the
upthrown sides of F; and F, fault planes. This is due to the favorable thick sedimen-
tary section at these locations.
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