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following: (1) the troughs form the main source
kitchens where the Precambrian basement rocks
are present at depths exceeding 4877 m (e.g.,
Gemsa Trough); (2) the magnitude of throw on the
clysmic fault is critical in the entrapment mecha-
nisms; (3) the cross elements playa major role in
the hydrocarboffmigration atld accumulation
because they truncate,the extension of most of the
oil fields and form their bounding faults; and (4) all
the discovered oil fields in the study area are struc-
tural and/or combination traps and show good
matches to the magnetic anomalies.

ABSTRACT

INTRODUcnON

The northwestern part of the Egyptian Red Sea
has attracted the attention of many geologists
because it lies at the triple junction of the main rifts
between the Red Sea, the Gulf of Aqaba, and Gulf
of Suez. The geometry of the fault system in this
area of the basin clearly indicates an extensional
setting. The area has a southwestward regional dip,
and it has experienced more extension than the
rest of the Gulf of Suez.

Six tectonic stages, different in their stress histo-
ry, sedimentary fill, and depositional setting, are
recognized for the northwestern Red Sea: (1) Cam-
brian to early Cretaceous stage; (2) late Cretaceous
to Oligocene stage; (3) early Miocene stage; (4)
early to middle Miocene stage; (5) middle to late
Miocene stage; and (6) post-Miocene stage.

Magnetic, gravity, seismiC, surface, and subsur-
face data from the northwestern Red Sea delineate
several elongate structural highs separated by elon-
gate troughs. Both highs and troughs have the same
northwest-southeast direction as the clysmic trend.
Some of the highs are dissected by cross elements
that trend northeast-southwest and east-north-
east-west-southwest and laterally offset these
highs.

The tectonic framework of the northwestern
sector of the Red Sea had a significant influence on
hydrocarbon generation, migration, and accumula.
tion. The evidence for this influence includes the

The area that forms the scope of this study lies in
the northwestern Red Sea, Egypt, at the triple junc-
tion of the main rifts between the Red Sea, Gulf of
Aqaba, and Gulf of Suez (Figure 1). The area is
delineated by 26°49' and 27°32'N latitude and
33°29' and 34°05'E longitude and embraces an area
of almost 2508 km2, being 57 km long and 44 km
wide. The most characteristic topographic features
of the study area are the exposures of the Pre-
cambrian basement massifs at three major locali-
ties: the Esh Mellaha range to the northwest,
Shadwan Island to the northeast, and the Red Sea
Hills to the southwest (Figure 1). The Esh Mellaha
range has a more or less complete pre-Miocene
(prerift) sequence on its western side and is
onlapped to the south by a Miocene reef complex
at Gebel Abu Shaar plateau (Figure 2).

The study area h~s an excellent potential for
hydrocarbon accumulation because the rifting of the
Red Sea produces favorable conditions for (1) synrift
(Miocene) organic-rich, oil- and/or gas-prone source
rock deposition; (2) a suitable maturity regime for
generating hydrocarbons; (3) the development of
fractures in the Precambrian basement, and the
accumulation of sandstone and carbonate reservoirs,
ranging in age from Precambrian to Miocene; (4) the
presence of potential fine-grained clastic and evapo-
rite seals; and (5) several types of traps for accumula-
tion of hydrocarbons (Salah, 1994). Some commer-
cial oil and/or gas fields such as Hurghada, Esh
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102 Hydrocarbon Entrapment, Red Sea, Egypt

Figure I-Regional
structural elements and
geometry of the Gulf of
Suez region showing the
surface geology, major
hinge zones, and regional
dips in the subbasin.
(Modified from Moustafa,
1976.)
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The regional structural setting and the geologic his-
tory of the Gulf of Suez and the Egyptian Red Sea
were the matter of intert:st of many researchers and
continue to be the focus of many current research
programs. Among past and recent papers covering
different aspects of the evolution, development,
sedimentation, and hydrocarbon habitat of the area
of interest are those by El- Tarabili (1970), EI-Ayouti
(1980), Abdine (1981), Chenet et al. (1984), Sultan

Mellaha, Hareed, and Felefel have been discovered
already. The oldest discovery, Hurghada oil field, was
made in 1914 by the Anglo Egyptian Oil Company,
and the recent Hareed group of oil and/or gas fields
were discovered in 1988 by Conoco, Esso, and Gulf
Canada oil companies (Figure 2).

For almost 90 yr, the geology and the hydrocar-
bon potential of the Gulf of Suez and the Red Sea
have been the subject of numerous investigations.
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Figure 2-Location map of
the study area showing the
oil and/or gas fields and
exploratory wells.
(Modified from Salah, 1994.)

and Suchultz (1984), Angelier (1985), Richert et al.
(1986), Grafunkel (1988), Lyberis (1988), Meshref
et al. (1988), Montenat et al. (1988), Beydoun
(1989), Beydoun and Sikander (1992), Crossley et
al. (1992), Fichera et al. (1992), Hughes and Bey-
doun (1992), Mitchell et al. (1992), and Salah (1994).

The purposes of this study were to (1) clarify the
structural configuration of the northwestern Red

Sea, and (2) highlight the distribution and trends of
basinwide structural highs and lows that could act
as focus for migration and accumulation of hydro-
carbons.

The present analyses of the structural geology in
the northwestern Red Sea are based on the interpre-
tation of both geophysical (magnetic, gravity, and
processed seismic) and geological data, including
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Exploration Drilling

The first well drilled in the study area was the
Hurghada-l; it was completed in 1913 by the Anglo
Egyptian Oil Company. The well, located on the
western side of the Gulf of Suez, tested a horst
block, defined by surface mapping (Figure 2). The
well led to the discovery of the first oil field in the
northwestern Egyptian Red Sea. This discovery
encouraged several other companies to explore for
hydrocarbons in the area, among them the Mrican
Prospecting Company, the Eastern Petroleum
Company (EPC), and the Sinai Petroleum Company
in the middle 1920s. EPC drilled several wells on
Giftun Island in the northwestern part of the Red
Sea (Figure 2). Unfortunately, all these wells were
dry. Drilling was adversely affected by World Wars I
and II, but some wells were drilled between 1938
and 1950 on the western coast of the Red Sea in
the Dishet El Dabaa and Abu Shaar areas (Figure 2).
No discoveries were made at that time. During the
last 20 yr, more intensive drilling has resulted in the
discovery of the Esh El Mellaha oil field in 1982 by
the Canadian Superior Oil Company, the Hareed oil
and gas discoveries in 1987, and the FelefeI con-
densate discovery in 1989 by Conoco.

subsurface information from more than 45 wells
drilled in, and close to, the study area; surface
outcrops; and aerial photograph examination
of the structural configuration of the region.
Construction of several cross sections of the
region have also improved understanding of the
basin geometry.

The definitions of the lithostratigraphic units in
the Gulf of Suez and the Red Sea have been studied
by many authors, such as Hume (1911), Abdallah et
al. (1963), EGPC (1964, 1974), Barakat et al.
(1986), Darwish (1992), and Darwish and EI-Araby
(1993). The stratigraphic section of the northwest-
ern Red Sea ranges in age from Precambrian to
Holocene and can be classified into two megase-
quences: pr~rift (pre-Miocene) and synrift (Mio-
cene to Holocene) (Figure 3).

mSTORY 

OF EXPLORADON

Exploration for hydrocarbons in the northwest-
ern Red Sea has included the use of geophysical
prospecting and exploration drilling (EGPC,
1986).

Geophysical Prospecting
STRUCTURAL ANALYSIS

The study area was the subject of intensive sur-
face and subsurface geological and geophysical
investigations for hydrocarbon prospecting and
exploration. Among these studies are those by Said
(1962, 1990), Robson (1971), Moustafa (1976),
Bayer et al. (1988), Evans (1988), Richardson and
Arthur (1988), Salah (1989, 1994), Meshref and
Khalil (1990), Hughes et at. (1991), and Hammouda
(1992).

The Gulf of Suez rift represents a n.orthern
extension of the Red Sea. The rift constitutes a
large depression that lies below sea level in its axial
portion. The Suez rift trends in a north-north-
west-south-southeast direction, separating the
African plate from the Sinai microplate (Figure 1).
The direction of the plate motion during the rift
was studied by Abd EI-Gawad (1970), who demon-
strated that two pairs of shear zones in Arabia and
Africa show a lateral displacement that is consis-
tent with that observed along the Gulf of Aqaba
fault zone. McKenzie et al. (1970) matched the
coastline of the Arabian Peninsula with that of the
African Red Sea to detect the precise direction of
plate motion. Both reached the same conclusion,
namely that the general movement of the Arabian
plate relative to the African plate was toward the
northeast. The contrasting widths of the northern
portion of the Red Sea rift zone and the southern

The first magnetic and gravity surveys were
flown over the study area at the end of World War I
by a variety of oil companies, including Anglo
Egyptian Oil, Standard Oil Company, and Eastern
Oil Company. In 1964, the Egyptian General
Petroleum Corporation, together with some other
oil companies (including Gulf of Suez Petroleum
Company and General Petroleum Company) orga-
nized magnetic and gravity surveys over the Gulf of
Suez region. Ten years later, a magnetic survey was
made by the Gulf of Suez Petroleum Company
(EGPC, 1986). This survey led to the discovery of
several oil and gas fields (e.g., Hareed and Felefel)
in the province, especially in its southernmost part
where the seismic surveys are of poor quality
because of the Miocene evaporite noise.

Many seismic surveys have been conducted in
the study area. The first reconnaissance survey was
made in the middle 1950s by the Compagnie
Oriental Des Petroles d'Egypt. The most recent
marine survey was conducted by Conoco in 1987,
and the most recent onshore survey was performed
by the Asamera Egypt Limited Company in the
northern part of the study area during 1990, and by
Esso Egypt in the southern part of the study area
during 1991. The interpretation of these seismic
surveys has led to the identification of several
potential wildcat locations, especially in the
onshore part of the investigated area.
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Figure 3-Generalized
stratigraphic column of the
study area. (Modified from
Salah, 1994.)
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Suez by Meshref and Khalil (1990). They construct-
ed three representative structural cross sections
and calculated 5.1, 14, and 23 km of extension and
an increase of 11%, 17%, and 33% of the initial
width in the northern, central, and southern parts
of the Gulf of Suez, respectively (Figure 4).
Evidence from previous results shows that the

Gulf of Suez suggest that left-lateral movement
along the Gulf of Aqaba strike-slip zone has allowed
significantly more crustal extension within the Red
Sea than has been achieved within the Gulf of Suez
(Robertson Research Group, 1985).

The amount of extension was calculated at the
northern, central, and southern parts of the Gulf of
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sub-provinces are separated qy two major transfer
faults or hinge zones by most of the geologists
working in the Gulf of Suez. The northern is the
Zafarana hinge zone and separates the northern
sector of the Gulf of Suez with its general dip to
the southwest from the central sector, which dips
to the northeast. The second hinge zone is the
Morgan hinge zone and separates the central sec-
tor of the Gulf from the southern sector, which
dips to the southwest (Figure 1).

TECTONIC INFLUENCE ON SEDIMENTAnON
PROCESSES

In this section of the paper, we attempt to estab-
lish a link between the stratigraphic units, lithofa-
cies, and the tectonic evolution of the northwestern
sector of the Red Sea. The timing of rifting is dated
as late Oligocene to early Miocene. Dating the
basaltic igneous activity in the Suez area has placed
the rift between 19 to 24 Ma (Fichera et al., 1992).
Litho-and biofacies analyses of the stratigraphic

northwestern sector of the Red Sea has experi-
enced more extension than the other parts of the
Gulf of Suez (Figure 4) (Meshref and Khalil, 1990).

The limits of the Gulf of Suez rift are defined by
laterally persistent fault zon~s on both sides of the
rift system. These fault zones generally trend
northwest-southeast, with basement rocks ex,.
posed on the up thrown side; they become less
well defined to the north (Robertson Research
Group, 1985). The bounding faults branch into
numerous curving, interconnected extensional
faults toward the north; moreover, the displace-
ment across the fault zone progressively decreases
to the north (Robertson Research Group, 1985).
These bounding faults and basement exposures
are clear in the study area and stand out as topo-
graphic markers outlining the rift geometry
(Figure 1).

The fault system geometry of the basin indicates
an extensional setting. Generally, the Gulf of Suez
is subdivided into three sub-provinces, which are
in accordance with the dominant structural dip of
the sedimentary cover (Moustafa, 1976). These
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Stage 3 (Early Miocene)sequence have suggested an age of late Oligocene
to early Miocene (Salah, 1989, 1994). Cochran
and Martinez (1988) established the initiation of
rifting from the titne of evolving the oceanic
crust of the Red Sea and indicated that this rifting
started about 23 Ma.Moretti et al. (1986) conclud-
ed that the main rifting phase was in the early
Miocene.

In general, the tectonic evolution occurred in six
stages.

Stage 1 (Cambrian to Early Cretaceous)

During stage 1, continental to shallow marine
sandstone with thin shale, dolomite, and limestone
interbeds predominated and formed the Pre-
Cenomanian sediments. These sandstones, previ-
ously known as the Nubia Sandstone, form one of
the reservoirs in the northern Red Sea, e.g., Hur.,
ghada oil field (Figure 3).

Stage 2 (Late Cretaceous to Oligocene)

Stage 3 represents the time at which the Arabian
plate started to move away from the African
plate and is known as the "earlyclysmic event"
(Robertson Research Group, 1985). Tensional
stress led to faulting, which caused some parts of
the basin to subside below sea leve~. The early
Miocene Nukhul Formation, deposited as a variety
of facies, reflects the heterogeneity of the environ-
mental setting and is the product of the different
tectonic settings of the separate fault blocks
(Meshref and Khalil, 1990). The Nukhul Formation
consists of conglomeratic and brecciated sandstone
(a reservoir facies) with some thin shale interbeds
in the lower member (Shoab All Member); making
the unconformity between the Miocene and the
pre-Miocene sequences (Figure 3). The upper
member (Ghara Member) consists of arthydrite
(irtdicating deposition in a supratid~/sabkha set-
ting), shallow-marine limestones artd shales (sug-
gesting shallow shelf deposition), and continental
sandstone (representing subaerial deposition)
(Figure 3).

Khalil and Meshref (1988) suggested two
phases of propagation for the initiation of the
rift. Depo~ition during the initial phase of the
rift is represented by the sedimentation patterns
of the Shoab Ali Member, which is restricted
only in the most southern part of the Gulf of
Suez (Figure 5). The initial propagation phase
was followed by the widespread Nukhul basin
caused by the second propagation phase, which
opened the entire Gulf of Suez (Figure 5). The
termination of the propagation was produced by
two major factors: (1) the counterclockwise
rotation of the Arabian and Sinai plates away
from the African plate that resulted in increasing
the lithospheric strength to the north, and (2)
the preexisting east-northeast compressional
tectonic feature of the Syrian arc system (Khalil
and Meshref, 1988).

Stage 4 (Early to Middle Miocene)

Stage 4 was the most active stage, with maxi-
mum tensional stre~s resulting in rapid subsi-
dence and the formation of major half-grabens
and troughs. The Rudeis Formation was deposit-
ed during stage 4, while farther south in the Red
Sea, sea-floor spreading began (Fichera et al.,
1992). Renewed faulting and uplift occurred dur-
ing the so-called "mid-clysmic event." The shoul-
ders of the rift began.to rise, and coarse sands
and conglomerates (reservoir facies) were
deposited near the margins of the subsiding rift
during the middle Miocene (Robertson Research

Uplift and erosion preceded a widespread trans-
gression from the north at the beginning of the late
Cretaceous. This uplift and erosion are believed to
have been produced by Tethyan rifting (Said,
1962). A southward-directed onlap resulted in over-
stepping of the Cenomanian and Turonian se-
quence, which consists of interbedded sandstones
and shales (Raha and Abu Qada formations) in the
lower part and carbonates (Wata Formation) in the
upper part. These sandstones and limestones act as
potential reservoirs in some oil fields in the Gulf of
Suez (Figure 3).

During the Senonian there was a transition from
a mainly clastic facies in the lower unit (Matulla
Formation) to a dominantly carbonate facies in the
upper unit (Duwi and Sudr formations). The upper
unit forms the main source rock for the Gulf of
Suez oil (Salah, 1989) (Figure 3).

The Esna Formation was deposited in the
Paleocene. Part of this deposition eroded simulta-
neously with the uplift of the Syrian arc system
(Said, 1962), which caused the thinning of the Esna
Formation throughout the area, with complete ero-
sion in some places.

The Esna Formation was overlain by the Eocene
carbonates of the Thebes Formation, which formed
as a result of widespread transgression during the
Eocene. Both units are potential source rocks in the
Gulf of Suez basin (Salah, 1989) (Figure 3).

Locally, this carbonate shelf is overlain by con-
glomeratic red beds of Oligocene age, known as
Tayiba Red Beds. This unit is considered to be an
indicator of initial rifting during the Oligocene.
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EVAPORITE
PHASE

Figure S-Evolution
stages of the rift. Stages
have different sedimentary
fills, depositional settings,
and stress histories.
(Modified from Khalil and
Meshref, 1988.)
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Group, 1985). Fine-grained sediments accumulat-
ed in deeper marine settings (source facies),
forming a prolific reservoir of submarine tur-
bidites and coarser sandstones. Stage 4 is known
as the main subsidence phase by Khalil and
Meshref (1988) (Figure 5).

Stage 5 (Middle to Late Miocene)

The climate in the Gulf of Suez and the north-
ern sector of the Red Sea changed during stage 5,
and marly evaporite cycles (seal facies), highly
calcareous shale (source facies) with localized

NW

~
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Figure 6-Regional seismic lines through the area. The presence of Miocene evaporites makes determining any

deep horizons on seismic proffies difficult.

subsidence in some parts of the area. The post-
Miocene sediments were deposited in different
environmental settings (Abd EI-Shafy, 1990), which
include deep-marine, shallow-marine, restricted,
and continental settings. The paleontological evi-
dence suggests that a connection to the Indian
Ocean existed through the Red Sea during the
Pliocene (Abd EI-Shafy, 1990).

areas of sandstone, and conglomeratic beds
(reservoir facies) were deposited, forming the
Kareem and Belayim formations. The culmina-
tion of the evaporitic sequence, South Gharib
and Zeit formations, occurred during the late
Miocene (Figure 5). The main constituents were
salt and anhydrite, with thin interbeds of shale
(seal facies) (Figure 3) (Fawzy and Abdel-Aal,
1984).

BASIN GEOMETRY
Stage 6 (Post-Miocene to Holocene) The present analysis of the structural geology of

the northwestern Red Sea is based on the interpre-
tation of magnetic and seismic data and the con-
struction of several cross sections of the area.
Knowledge of the surface geology has aided the
understanding of the basin geometry.

Stage 6 began with what are called the "late
clysmic events;' which were a result of further con-
tinentalmovement and reactivation of the Aqaba
wrench fault (Robertson Research Group, 1985).
This reactivation of faults produced large-scale



110 Hydrocarbon Entrapment, Red Sea, Egypt

Figure 7-Magnetic map (reduced
to pole) of the study area. The
magnetic anomalies can be linked
longitudinally as high trends.
Cross elements were traced where
shifts in the high trends occurred.
(Modified from Fichera et aI.,
1992; Khalil and Meshref, 1988.)
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were traced and linked longitudinally as high
trends.. Moreover, the cross elements were traced
using shifts in th~ extension of these high trends
(Figure 7).

In general, the northwestern sector of the Red Sea
consists of elongated troughs separated by elongated
structural highs. Both troughs and highs follow the
Red Sea-Gulf of Suez trend (northwest-southeast).
The highs are dissected by cross elements trending
northeast-southwest and east-northeast -west -south-
west; these cross elements are regarded as transfer
faults, which dislocated the highs.

Geological Data
All the available geological data, including subsur-face 

information from more than 45 wells drilled in
the area together with the surface outcrops data,were 

used to clarify the structural configuration of
the northwestern sector of the Red Sea. A series of
schematic stru<;:tural dip and strike sections were
constructed. The schematic cross sections are
shown in Figures 8 and 9. The purpose of these sec-
tions is to highlight the structural high trends in the
basin that might act as a focus for both the migra-
tion and accumulation of hydrocarbons.

Data and Interpretation

Geophysical Data
The most recent seismic surveys of the area

were used to delineate the basin geometry; how-
ever, the presence of a very thick Miocene evap-
orite sequence made it difficult to distinguish any
deeper horizon structural levels on seismic
reflection proftles (Figure 6). Because of this diffi-
culty, we used additional geophysical tools. The
available magnetic maps (reduced to pole) were
very useful in detecting the regional geometry
of the northwestern sector of the Red Sea. The
magnetic anomalies, representing basement highs,

Data Interpretation
Both geophysical and geological data have

shown that the northwestern sector of the Red Sea
consists of clysmic high trends dissected by cross

\~ 
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Figure 8-Schematic dip
cross sections through the
study area.
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Figure 9-Schematic strike cross sections through the study area.

elements (transfer faults). These high trends are sep-
arated by major troughs and can be classified
according to their longitudinal extension into major
and minor trends. The major highs are, from east to
west: the Shadwan High, the Abu Shiban-Hareed
High, the Hurghada-Umm Agawish High, the south-
ern coast highs (Dabaa, Sharm EI Arab, and Abu
Soma highs), the Esh Mellaha range, and the Red Sea
hills. The minor high trends are, from east to west,
RSOX 94 High, Felefel High, Mellaha field high, and
West Hurghada high (Figure 10).

Trough. This high extends for a considerable dis-
tance from its southernmost known point, the
Hareed South-3 well, through the Hareed 1 and 2,
Hareed North, Estakoza-l, and Abu Shiban-2 wells,
and still farther to the north of the study area. The
depth to basement in these wells increases north-
ward, where it measures 1684 m in the southern
well, Hareed South-3, and 2836 m at the Abu
Shiban-2 well in the north (Figure 9). Neither the
pre-Miocene nor the early Miocene Nukhul
Formation sediments were recorded in the wells
drilled on this trend. The oldest unit, lying directly
over the basement rocks, is the lower Miocene
Rudeis Formation, suggesting that this trend was a
pre-Rudeis high.

Major High Trends

Shadwan High Trend
The Shadwan High trend is the easternmost high

trend in the study area, and is so called because it
includes Shadwan Island, where the Precambrian
basement rocks are exposed (Figure 8). This trend
extends farther north to form Gubal Island, where
the depth to the basement is j:300 m. The oldest
stratigraphic unit recorded in this trend is the
Rudeis Formation, indicating that this trend was a
pre-Rudeis high (Figure 8).

Southern Coast High Trend
The southern coast high trend is represented

by the highs along the southwestern coast of the
study area. The trend consists of three separate
highs offset from each other by cross elements.
This trend includes, from north to south, the
Dabaa, Sharm EI Arab, and Ras Abu Soma highs.
The trend tilts southward, where the depth to
the Precambrian basement rocks at the Dabaa
high is 556 m, whereas the depth in the Ras Abu
Soma well is 1237 m (Figure 9). The earliest
Miocene unit recorded on this high is the Nukhul
Formation.

Abu Shiban-Hareed High Trend
The Abu Shiban-Hareed High trend is separated

from the Shadwan High by the West Shadwan
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Figure 10-Major tectonic
elements delineate
northwest -southeast-trending
elongated structural highs
dissected by cross elements
(transfer faults) that trend
northeast-southwest and
east-northeast-west-
southwest.
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Umm Agawish High. Most of the pre-Miocene units
are well preserved on this high, especially in the
southern sector.

Hurghada-Umm Agawish High Trend
The Hurghada-Omm Agawish High trend con-

sists of three separate highs offset by some faults.
The three highs are, from north to south, the
Hurghada field, Abu Minqar, and Omm Agawish
highs (Figure 10). The depth to Precambrian base-
ment increases southward in this trend, where it
attains 795 m at Hurghada field and 1513 m at the

Esh Mellaha Range Trend
In the Esh Mellaha range trend, the basement is

exposed at the surface and plunges to the south
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Figure II-Burial history profile
in the Gemsa Trough. The early
and middle Miocene source units
lie in the oil generation window
['n1 (time-temperature index)
value 11-16], whereas the
pre-Miocene source lies in the gas
generation window ('n116-19).
[Modified from Salah, 1994; source
intervals are selected by Barakat
(1982), Salah (1992, 1994), and
many others.]
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present in the northern part, but is absent in the
wells drilled in the southern part of the trend.

under a Miocene reef complex known as Gebel
Abu Shaar. The basement elevation averages 427 m
and decreases southward, where it is only 341 mat
the southern tip (Abu EI-Karamat, 1988). This trend
is the only high trend in the study area on which a
full sequence of the prerift (Cambrian to Eocene)
units has been preserved (Figure 2).

Mellaha Field High
Hydrocarbons are produced from the Mellaha

field high. The depth to the basement in this field is
about 1219 m. The Miocene rests unconformably
on basement and no pre-Miocene sediments were
recorded in this field (Figure 9).Red Sea Hills

The Red Sea hills occupy about one fifth of the
study area and are located in the southwestern comer
of the study area (Figure 1). In the study area, the ele-
vation of these hills ranges between 46 and 335 ffi. A
full pre-Miocene sequence is recorded on their west-
ern side, outside the study area (Said, 1962, 1990).

INFLUENCE ON HYDROCARBONS

The structural configuration of the study area, as
a part of the overall basin geometry of the rifted
Red Sea, plays a very important role in hydrocar-
bon generation, migration, and accumulation.

Minor High Trends

Hydrocarbon GenerationRSOX 94 High
The RSOX 94 High is the southernmost offshore

high in the area. The basement on this high was
reached at a depth of 1313 m. Both magnetic and
seismic data indicated that well RSOX 94-1 was
drilled on a high. No pre-Miocene units were
recorded in this well (Figure 9).

,Interpretation of the available data shows that
tectonic development and the structural configu-
ration of the area of concern play an important
role in several ways. First, the rifting produced
favorable conditions for the deposition of organi-
cally rich source rocks and potential reservoirs
and seals (Figure 3). Second, the northwestern
Red Sea consists of parallel longitudinal troughs
separated by highs following the clysmic (north-
west-southeast) trend. Some troughs are suf-
ficiently deep to place both the pre rift (pre-
Miocene) and the synrift (late to middle Miocene)

Felefel High
The Felefel High is dissected by cross elements

into two parts, Abu Nigar C in the south and Felefel
to the north. The average depth to the basement on
this high is 914 m. A very thin pre-Miocene unit is
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Figure 12-(a) Geothennal gradient map of the area of concern. The local high heat-flow spots help maturation of
local source kitchens even within relatively shallow depressions (modified from Salah, 1992). (b) Source kitchens
distribution in the study area. A = Gemsa Trough, B = West Shadwan half-graben, C = West Hurghada half-graben, D
= East Dabaa Trough, and E = East Abu Soma Trough. Source intervals are selected by Barakat (1982), Salah (1992,
1994), and many others. C. I. = contour interval.

pathway is from the Gemsa Trough southwest-
ward because no basins exist to the southwest of
the field (Figure 10).

source rock levels within the hydrocarbon genera-
tion window (Salah, 1992) (Figure 11). The depth
to the Precambrian basement exceeds 5180 m in
the deepest trough (Gemsa), which places the
pre-Miocene source rocks in the gas generation
window (Figure 11). Third, this part of the Red
Sea is characterized by the heterogeneity of the
crustal composition (Fichera et al., 1992), with
local high heat-flow spots helping maturation of
local source kitchens even within relatively shal-
low depressions (Figure 12a). The average geo-
thermal gradient in the northwestern Red Sea
reaches 1.9°F/m, compared with 1.7°F/m average
for the Gulf of Suez (Figure 12a). Finally, because
the regional dip in the northwestern Red Sea is
toward the southwest, the migration pathways are
toward the northeast (Figure 12b). In the case of
the Esh Mellaha oil field, however, the migration

Hydrocarbon Sealing and Trapping

Several sealing mechanisms for hydrocarbon
entrapment are recorded in the northwestern Red
Sea. These include structural, stratigraphic, and
combination traps, as described in detail by Meshref
et al. (1988), Saoudy (1990), Hammouda (1992),
Alsharhan and Salah (1994), and Salah (1994).

The pre rift Upper Cretaceous carbonates
(Duwi-Sudrcarbonates), the Esna shale, and the
Thebes limestone formations act as seals for the
Cretaceous sandstone reservoirs. Within the syn-
rift sequence, however, the Miocene evaporites
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Figure 13-Mechanism of oil entrapment. (Data from the southem Gulf of Suez and northwestem Red Sea.)

CONCLUSIONS

The purpose of this research was to study the
effect of structural configuration and tectonic
development on the generation, migration, and
accumulation of hydrocarbons in the northwestern
sector of the Red Sea, Egypt. The stratigraphic
sequence in the area of concern is subdivided, rela-
tive to the rifting event, into two megasequences:
pre rift (pre-Miocene) and synrift (Miocene to
Holocene). The tectonic development of the
region occurred in six stages, showing changes in
structural stress, nature of sediments, and deposi-
tional environment. The six stages are: (1) Cam-
brian to Early Cretaceous; (2) Late Cretaceous to
Oligocene; (3) early Miocene; (4) early to middle
Miocene; (5) middle to late Miocene; and (6) post-
Miocene. The northwestern Red Sea consists of
elongated, northwest-south east-trending deposi-
tional troughs separated by structural ridges. The
structural ridges are dissected by northeast- and
east-northeast-trending transfer faults.

The structural configuration and the tecton-
ic development of the northwestern Red Sea

afe always considered to be the ultimate seals in
the Gulf of Suez (Rashed, 1990).. This is particu-
larly true in the northwestern Red Sea where
they are generally thick, either on the down-
thrown side of major clysmic faults or on the
down dip direction of uplifted tilted fault blocks.
However, the magnitude of throw on the clysmic
fault is critical in effective sealing (Meshref et al.,
1988). A small throw will juxtapose the evapo-
rites on the downthrown side of the fault against
the Miocene porous section on the uplifted
block (e.g., Esh Mellaha and Hareed oil fields). A
large throw will bring the Miocene evaporites to
juxtapose the pre-Miocene reservoirs on the
uplifted block as in the Geisum and Ashrafi oil
fields (just north of the study area) (Salah, 1989)
(Figure 13).

Shales within the Miocene clastic section can
act as sealing agents. In such cases, porous inter-
vals within the formation will act as reservoirs,
whereas the shaly intervals will become vertical
and/or horizontal seals, depending on the magni-
tude of the throw of the fault (e.g., Hurghada oil
field).
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controlled to a great extent the deposition of organ-
ically rich source rocks and potential reservoirs and
seals, the suitable heat flow needed for hydrocar-
bon generation, and the trapping mechanism for
the generated hydrocarbon.

We conclude that the northwestern Red Sea is a
potential hydrocarbon exploration area and should
receive more exploration activity.
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