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ABSTRACT in most of the deep hydrocarbon kitchens to gen-
erate hydrocarbons.

Using both bulk and specific parameters, the
correlation of liquid hydrocarbons and source
rock extracts from the northern Red Sea suggests
three scenarios. (1) The Egyptian and Saudi Red
Sea oils form one genetic family that is different
from the typical Gulf of Suez oils. The Gulf of
Suez oil is sourced from the upper Senonian car-
bonates, but the northern Red Sea oil (Egyptian
and Saudi) is sourced from the lower Miocene
Rudeis Formation and the middle Miocene
Kareem and Belayim formations (Burqan and
Maqna groups, respectively). (2) The northern
Red Sea oil group is characterized by a relatively
higher wax content, low sulfur content, a pris-
tane/phytane ratio of more than 1.0, a dominance
of C29 steranes, and an abundance of the biomark-
er gammacerane; the interpretation of these
parameters suggests the possibility of two
sources for these oils: a siliciclastic marine source
and a relatively restricted, nonmarine source. (3)
Both the Gulf of Suez oil group and the Red Sea
oil group may mix in one field.

The northern Red Sea area hosts a classic triple
junction of the Red Sea, Gulf of Aqaba, and Gulf of
Suez rifted basins. The sedimentary succession
here can be divided into prerift (pre-Miocene) and
synrift (Miocene and post-Miocene) megase-
quences. The prerift section has been penetrated in
only a few wells drilled on the western (Egyptian)
side of the Red Sea, whereas the synrift section is
known on both the Egyptian and the Saudi sides of
the Red Sea. Although the synrift units on both
sides of the water are similar in facies, thicknesses,
and depositional environments, they have different
stratigraphic nomenclatures.

The northern Red Sea consists of elongated
troughs separated by elongated structural highs,
both of which trend northwest-southeast (Gulf of
Suez trend). These highs are dissected by cross
elements trending northeast-southwest (Gulf of
Aqaba trend) and east-northeast-west-southwest,
and are looked upon as strike-slip faults dislocat-
ing these highs.

Identified rich source rocks are present in the
upper Senonian carbonates, the Sudr and Duwi
formations on the western side of the sea, the
early Miocene Rudeis Formation (Burqan Group),
and the middle Miocene Kareem and Belayim for-
mations (Maqna Group). The pre-Miocene and
the early Miocene source rocks host oil-prone
kerogen, whereas the middle and late Miocene
source rocks contain oil- and gas-prone kerogen.
All of these source rocks are sufficiently mature

INTRODUcnON

The study area lies in the northern sector of
the Red Sea and is a segment of the East Africa rift
system, which acted as a divergent plate bound-
ary between the Arabian and African plates dur-
ing Oligocene-Miocene rifting. This area is char-
acterized by the exposures of rift shoulders
(Precambrian basement massifs) on both sides of
the Red Sea, on the Sinai Peninsula, and on
Shadwan Island in the Gulf of Suez (Figure 1).

The northern Red Sea has an excellent hydro-
carbon potential. A number of commercial oil
and gas accumulations with recoverable reserves
ranging from 5 to 50 Mbbl of oil and up to 1.1 Tcf
of gas have been discovered, such as Hurghada,
Esh Mellaha, Hareed, and Felefel in Egypt, and the
Burqan and Midyan oil and gas fields in Saudi
Arabia (Figure 2). Exploration on the Egyptian
side started in 1913 in the onshore area and led to
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Figure I-Regional
geology of the Gulf of
Suez, Gulf of Aqaba, and
north Red Sea rift basins.
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source rocks, their thicknesses, quality, and possible
hydrocarbon products (oil or gas); (2) timing of
hydrocarbon generation and possible migration path-
ways; and (3) genetic relationship between the vari-
ous hydrocarbon accumulations and the potential
sources in the area (geochemical correlation).

Three types of geochemical correlation are con-
sidered: oil/oil correlation, comparison of the

the discovery of the Hurghada oil field by the
Anglo Egyptian Oil Company (AEO) (EGPC, 1986).
In 1960, the Burqan oil field was discovered by the
Auxerap Oil Company on the Saudi side of the
northern Red Sea (Ahmed, 1972).

This pap~r deals with the source rock potential of
both the Egyptian and the Saudi northern Red Sea in
an attempt to identify the (1) occurrence of possible
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Figure 2-Location map of
the on and gas fields, well
locations, and sample sites
in the Egyptian and Saudi
Red Sea study area.

on both sides of the Red Sea. Analysis of the
Saudi hydrocarbons and source eXtracts was per-
formed by Cole et al. (1995), who analyzed a
total of 895 shale and carbonate samples from
the Midyan basin for their source rock quality.
Salah (1994) evaluated the southern Gulf of Suez
and northwestern Red Sea by analyzing extracts
(core and cuttings) from potential source rocks
from 13 wells located in the western part of the
study area. Those data were supplied by the
Egyptian General Petroleum Corporation and are
incorporated here. These 13 wells are Abu Shaar

characteristics of various source rocks, and
oil/source rock correlation. Comparative analysis of
oil and source rock characteristics depends on bulk
and specific parameters, carbon isotope analysis, gas
chromatography (GC), and gas chromatography-
mass spectrometry (GCMS).

The basic data and materials on which this
study is based include analyses of oil samples
from seven discoveries in the study area (Hareed
2, Hareed North B 1, Felefel, Hurghada, Tawila
West, Esh Mellaha, and Midyan oil and gas fields),
and extracts from the detected rich source units
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Figure 3-Chronostratigraphic chart of the northem Red Sea for the Egyptian and Saudi sides showing the absence
of the prerift megasequence in the Saudi Red Sea (modified after Hughes and Beydoun, 1992).

NE 1, Abu Nigar C, Abu Nigar AI, Abu Shiban 1,
Abu Shiban 2, West Hurghada 1, Felefell, Hareed
1, Hareed 2, Caborya 1, Hareed NB 1, Hareed
NB 2, and Estakoza 1 (Figure 2). The geochemical
data were integrated with data from other
publications on the geochemistry of the Gulf of
Suez and Red Sea basins (e.g., Barakat, 1982;
Shaheen and Shehab, 1984; Shaheen, 1992; Cole
et al., 1995).

Mitchell et al. (1992); Hughes and Beydoun
(1992); Alsharhan and Salah (1994), and Salah and
Alsharhan (1996), and as summarized in the follow-
ing paragraphs.

GEOLOGIC SETnNG

Stratigraphic Framework

The stratigraphic section in the northern Red
Sea ranges in age from Precambrian to Holocene
and can be divided into two megasequences,
pre rift and synrift (Figure 3), as described by
Said (1962, 1990); Bayer et al. (1988); Beydoun
(1989); Hughes et al. (1991); Salah (1992, 1994);

Prerift Megasequence
This section ranges in age from the Cambrian to

the Oligocene. The section has been penetrated
only on the western (Egyptian) side (e.g., West
Hurghada 1 and Abu Shaar NE 1 wells) and is
exposed west of the Esh Mellaha Range (Figure 1).
The prerift megasequence reflects a number of tec-
tonic events that affected the northern sector of
the Red Sea.

Continental to shallow-marine sandstones
interbedded with thin shales and limestones were
deposited from the Cambrian to the Early
Cretaceous (Pre-Cenomanian), and are known as
the Nubia Sandstones. Uplift and erosion preced-
ed a widespread transgression from the north at
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Figure 4-stratigraphic column of the synrift sequence showing the different nomenclatures of the stratigraphic
units in both sides and hydrocarbon potential in the northern Red Sea (modified after Hughes and Beydoun, 1992;
Cole et aI., 1995).

Synrift Megasequence
This section represents the Miocene and post-

Miocene and rests unconformably on the prerift
sequence. Different nomenclatures for the synrift
sequence used by Egyptian and Saudi geologists
are shown in Figure 4. Because the Egyptian
names of the stratigraphic units were proposed
earlier than the Saudi names, we use the Egyptian
names in this paper, with the Saudi equivalents
shown in parentheses.

Upper Oligocene sediments, known as the Alwajh
Formation, are present only on the Saudi side of the
Red Sea. This formation consists mainly of mixed
clastic and volcanic rocks (Cole et al., 1995).
The early Miocene Nukhul Formation (Yanbu
Formation), deposited in a variety of depositional
settings, reflects environmental heterogeneity due
to differences in tectonic setting of the separate fault
blocks. The Nukhul (Yanbu) Formation consists of
conglomeratic and brecciated sandstones with thin

the beginning of the Cenomanian. A southward-
directed onlap resulted in progressive overstep-
ping of the Cenomanian, Turonian, and early
Senonian sequence, known as the Nezzazat
Group, which includes four formations-Raha,
Abu Qada, Wata, and Matulla (Figure 3)-and con-
sists of interbedded sandstones, shales, and car-
bonates. During the Senonian, facies change from
mainly clastic facies in the lower unit (Matulla
Formation) to dominantly carbonate facies in the
upper unit (Duwi and Sudr formations).

The Paleocene Esna Formation was deposited
before a period of severe erosion. This erosion was
simultaneous with the development of the Syrian
arc system and led to the thinning of the Esna
Formation over the whole area, with its complete
erosion in some places. A widespread transgression
occurred during the Eocene, during which the
Esna Formation was covered by the carbonates of
the Thebes Formation.
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Figure 5-Major tectonic
elements and structural
configuration of the
Egyptian and Saudi Red
Sea. Note the location of
the modeled sections
(1 -Abu Shiban-Hareed high;
2 = Hurghada-Umm Agawish
high; 3 = Mellaha field) (after
Salah, 1994; Cole et aL,
1995).

and coarse sands and conglomerates were
deposited near the margins of the subsiding rift
during the middle Miocene. Fine-grained sedi-
ments accumulated in deeper marine settings, in
addition to submarine turbidites and coarser
sandstones that form some prolific reservoirs.
During the middle to late Miocene, the climate in
the Gulf of Suez and the northern Red Sea
changed, and marly evaporite cycles with sand-
stones and conglomeratic beds were deposited in
localized areas, forming the Kareem and Belayim
formations (Maqna Group).

shale interbeds in the lower member (Shoab Ali),
affected by the unconformity between the Miocene
and the pre-Miocene sequences. The upper member
(Ghara) consists of anhydrites, limestones, shales,
and sandstones deposited in restricted shallow-
marine and continental settings (Figure 4) (Saoudy
and Khalil, 1984).

Because the maximum extensional stresses
resulted in rapid subsidence, major half-gmben
troughs were formed, with the resultant deposi-
tion of the Rudeis Formation (Burqan Group)
(Fi~ure 4). The shoulders of the rift began to rise,
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Figure 6-source rock richness plot showing the total organic carbon content (%TOC) and the Rock-Eva! pyrolysis
yield (S2 in kg/ton) of eight wells on the Egyptian Red Sea (after Salah, 1994; Cole et al., 1995).

The culmination of the evaporitic sequence, the
Squth Gharib and Zeit formations (Mansiya and
Ghawwas formations, respectively), occurred dur-
ing the late Miocene. The main constituents are salt
and anhydrite with thin interbeds of shale. Some
sandstone beds are recorded in the marginal areas.
From the post-Miocene to the Holocene, two
lithologies (carbonate and clastic) were deposited,
known as the Shagra and Wardan formations,
respectively (Lisan Group).

fault zones on both sides of the rift system, with
basement rocks exposed on the upthrown side, but
becoming less well defined to the north. The dis-
placement across the fault zone also progressively
decreases to the north. The bounding faults and
basement exposures are clear in the study area and
form a topographic marker to the rift geometry
(Figure 1).

Generally, the northern Red Sea consists of
elongated troughs separated by elongated struc-
tural highs, both of which trend northwest-south-
east, parallel to the trend 'of the Red Sea. These
high~ are dissected by transfer faults trending
northeast-southwest and east-northeast-west-
southwest, interpreted to be strike-slip faults
(Figure 5). The high trends can be classified

Structural Geometry

The limits of the Red Sea, Gulf of Suez, and Gulf
of Aqaba rifts are defined by laterally persistent

~.~~

~
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Miocene Source Units
Four Miocene intervals have been identified

as moderate to rich source units: the Rudeis
Formation (Burqan Group), the Kareem Formation,
and the Hammam Faraun and Sidri members of
Belayim Formation (all corresponding to the Maqna
Group) (Figure 6).

The measured total organic carbon (TOC) con-
tents in the Kareem Formation and Hammam
Faraun and Sidri members of the Belayim Formation
(Maqna Group) are rarely less than 1.0%, and some-
times as high as 4.0% (as in the Caborya 1 well). The
pyrolysis yields (S2) are as high as 9.0 kg/ton and
rarely less than 6.0 kg/ton. The Rudeis Formation
(Burqan Group) is very rich in the deep basins,
where its main constituent is marly shale as in well
Abu Shaar NE 1 (Salah, 1992). The Rudeis yields
TOC values of up to 4.0% (Figure 6), with an aver-
age S2 value of 5.5 kg/ton.

Pre-Miocene Source Units
Pre-Miocene source units are preserved in the

Duwi, Sudr, and Matulla formations. The only avail-
able geochemical data for these intervals are that
from West Hurghada 1 and Umm Agawish 1 wells
(Figure 2). The richness of the Matulla Formation is
readily apparent from the fact that TOC greater
than 3.0% and S2 values greater than 6.0 kg/ton are
common. The upper Senonian carbonates (Duwi
and Sudrformations) are the primary source units
in the Gulf of Suez (Rohrback, 1982). Where these
carbonates are measured in the study area, their
richness is indicated by a TOC content as high as
12% in the West Hurghadawell, and the measured
pyrolysis yield (Sv as high as 18 kg/ton.

A Middle Miocene

.Lower Miocene

.Pre-Miocene

Figure 7-Modified Van Krevelen diagram (H!C vs. O/C)
for the samples analyzed from the middle and the lower
Miocene and the pre-Miocene source rocks in northern
Red Sea (after Salah, 1994; Cole et aI., 1995).

Source Rock lYpesaccording to their longitudinal extension as
major and minor trends (Salah, 1994). The major
highs from east to west are the Burqan high, the
Midyan high, the Shoab Ali high, the Shadwan
high, the Abu Shiban-Hareed high, the Hurghada-
Umm Agawish high, the Dabaa high, the Esh
Mellaha high, and the Red Sea hills. The minor
high trends are, from east to west, the Rsox 94,
Felefel, Mellaha field, and West Hurghada highs
(Figure 5).

The available geochemical measurements of 13
wells in the study area were plotted on a Van
Krevelen diagram to evaluate kerogen type (Figure
7). The results indicate that the pre-Miocene source
rocks are dominantly type II, and the Miocene
source rocks range from type II to type III kerogen.

Kerogen Type

The Miocene source units vary in kerogen type.
The Hammam Faraun and Sidri members of the
Belayim Formation are considered to be oil- and
gas-prone sources (mixed type II/III kerogen) in
the southern part of the study area, where hydro-
gen indices of greater than 300 were recorded in all
the measured samples within these two units.
Farther north, in well Caborya 1, the hydrogen

SOURCE ROCK QUALI1Y

Source Rock Richness

The potential of Miocene and pre-Miocene
source units in the northern sector of the Red Sea
is shown in Figure 6.
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Figure 8-Geothennal
gradient map of the study
area showing the local
hot spots in the northern
Red Sea (after Barnard et
al., 1992; Salah, 1994).
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is rarely less than 300. The hydrogen index of the
Rudeis Formation in some of the troughs in the
study area (e.g., Gemsa trough) reaches up to 700,
and hence is oil prone (type I) (Salah, 1994).

The pre-Miocene sequence encompasses the
muddy carbonates of the Thebes to Duwi formations
and contains oil- and gas-prone kerogen with excel-
lent potential (Shaheen, 1992) (Figure 7). Kerogen
type analysis is only available for wells Umm
Agawish 1 and West Hurghada 1 (Figure 7). In both

index is between 100 and 200, indicating gas-prone
type III kerogen.

The Kareem Formation (Maqna Group) displays
two source types, as indicated by the hydrogen
index values of between 100 and 400, reflecting
gas (type II) and oil- and gas-prone (type II/III)
sources.

The Rudeis Formation (Burqan Group) shows a
gas- and oil-prone source (type II), whereas in wells
Abu Shaar NE 1 and Caborya 1, the hydrogen index

../ 28 °C/km

C.L = 4°C/km
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Figure 9-Burial history curve
of modeled sections of the
northem Red Sea showing the
maturity status of the prerift
and synrift source rocks
(after Shaheen and Shehab,
1984; Salah, 1994). See Figure 5
for the locations of modeled
sections A-C.
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The geothermal gradient in the Red Sea, Gulf of
Suez, and Gulf of Aqaba rift basins (27-
75.5°C/km) is high compared with the global aver-
age (27°C/km). The geothermal gradient in the
wells studied was calculated from the available
electric logs, drill-stem tests, and static bottom-
hole temperature test (temperature survey) after

wells, hydrogen indices for the Matulla Formation
(521 in the Agawish 1 and 322 in the West Hurghada
1) show that the kerogen from this unit is oil- and
gas-prone (types n and mixed ll/Ill).

In West Hurghada 1, the interval (Duwi and
Sudr formations) has a hydrogen index reaching
676 (type I or type II kerogen). The Thebes
Formation also is an oil-prone source (Salah,
1992).
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Figure 10-Depth-vitrinite reflectance relationship for
some wells in the Northem Red Sea showing the depth
to the oil generation threshold in the study area (see
Figure 2 for well locations).

correcting the bottom-hole temperature. Maturity
levels in the Red Sea are affected by the structural
configuration of the basin because (1) the base-
ment exposed on both sides of the study area
increases the value of the horizontal component of
heat flow, and so increases the geothermal gradi-
ent near these exposures and (2) this part of the
Gulf of Suez is characterized by heterogeneity of
crustal thicknesses, so that the area has some local
hot spots, giving rise to localized hydrocarbon
kitchens even within some structural highs (Salah,
1992) (Figure 8). Generally, the basic heat flow in
the Red Sea increases both from north to south and
from the margins to the axial troughs of the basin
(Barnard et al., 1992).

For maturity estimates in undrilled areas (par-
ticularly in structurally deeper areas), burial histo-
ry plots for the formations analyzed were investi-
gated in modeled sections scattered through the
main troughs in the study area (Figures 5, 9).
These sections were based on seismic and mag-
netic measurements and well data. This method
combines geological and geochemical information
to trace the burial and thermal histories of poten-
tially petroliferous rock units (Waples, 1980,
1985; Tissot, 1984). A single heat-flow model was

used to determine the timing and hydrocarbon gen-
eration and expulsion for each of these modeled sec-
tions. This heat-flow model is based on three con-
cepts: (1) because the study area is a part of the Red
Sea rift basin, the model assumed maximum heat
flow at the onset of rifting (Oligocene-Miocene); (2)
the heat flow decreases to present-day levels to
match the geothermal gradients observed in the
wells drilled in the study area; and (3) the surface
temperature was calculated as 27°C. The vitrinite
reflectance data were plotted on the burial history
plots to estimate the depth to oil generation window
in the modeled basins. Spore coloration index (SCI)
and thermal alteration index (TAl) measurements
were used to constrain the model.

From the different modeled points and the rela-
tionship between the Ro (vitrinite reflectance) value
and the depth to the oil generation threshold of the
source rocks (Figure 10), we can identify the hydro-
carbon source kitchens. Three regional structure
maps for the potential sources-upper Senonian
Sudr Chalk, lower Miocene Rudeis Formation, and
the middle Miocene Kareem to Belayim interval on
the western side of the Red Sea-were constructed
to show the source-kitchen distribution and to detect
possible migration pathways. Cole et al. (1995) con-
structed a similar map to show the maturity trends
on the base of the lower Miocene Burqan Group on
the eastern side of the Red Sea. Figure 11 shows the
maturity trends drawn at the lower Miocene Rudeis
Formation on the western side of the study area, and
at the Maqna Group on the eastern side.

Interpretation of the burial history diagrams of
the modeled points and the available maturity
parameters leads to the following conclusions.

(1) Maturation levels follow the structural config-
uration of the basin.

(2) The Hammam Faraun Member is mature only
in the Midyan, Southwest Midyan, and Gemsa
troughs.

(3) The Kareem Formation is mature in the
Midyan, Southwest Midyan, North Burqan, and
Gemsa troughs, and perhaps is marginally mature
in the East Dabaa and East Ras Abu Soma troughs.

(4) The Rudeis Formation is overmature in the
Midyan and Southwest Midyan troughs; mature in
North Burqan and Gemsa troughs and in the West
Hurghada and West Shadwan half grabens; and
marginally mature in the East Dabaa and East Ras Abu
Soma troughs and along the Abu Shiban-Hareed high.

(5) The Upper Cretaceous carbonates have
always been encountered at a depth where they are
mature. These carbohates are situated in the gas
generation zone (Ro = 1.3) in the deepest parts of
the Gemsa Trough.

(6) The depth to the oil generation window in the
northern part of the Gemsa Trough is approximately
2680 m, as indicated from the burial history diagram
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(A) Figure 11-{A) Maturity
trends at the Egyptian
side of the Red Sea on the
top of the lower Miocene
Rudeis Fonnation.
(B) Maturity trends at the
Saudi side of the Red Sea
on the base of the lower
Miocene Burqan Group.

(B)

(9) The depth to the oil generation window in
the East Dabaa Trough is approximately 1585 m,
as indicated in the burial history diagram of point
D and supported by the Ro value (0.6) at 1564 m
in well Umm Agawish 1 (Figure 10).

OILSruDY

of Figure 9A and supported by the Ro value (0.65) at
2825 m in well Abu Shaar NE 1 and the SCI value
(4.0) at 2773 m in Abu Shiban 2.

(7) The depth to the oil generation window in
the southern part of the Gemsa Trough is approxi-
mately 2150 m, as indicated in the burial history
diagram of Figure 9B and supported by the
Ro value (0.63) at depth of 2244 m in well Hareed
NB 1 (Figure 10).

(8) The depth to the oil generation window in the
West Hurghada half graben is approximately 1770 m,
as indicated in the burial history diagram of Figure 9C
and supported by the Ro value (0.62) at 1800 m and
SCI value (3.5) at 1455 m in well West Hurghada 1.

Hydrocarbons and sediment samples collected
from the different discoveries and wells have been
analyzed by various laboratories in Egypt and else-
where, and we interpreted the results of these anal-
yses. We also used data from published papers
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Table 1. Available Bulk Parameters and Carbon Isotope Data for Some on Samples From the Northern Red Sea'

Tawila
Hareed Nnl Hareed 2 Mellaha 2 West 1, -

Gulf of Suez.. Hurghada 45 FelefeI Midyan 3

33.0

>9.0

30.7
0.87
5.0
9.0
3.26
1.5

2020
0.75

52.0
32.0
16.0

-27.7
-28.3
-27.8
-27.5
-27.5

1.0
1.0

19.8
0.935
8.0

27.0
10.5
2.5

2900
0.52

35.5
48.3
16.2

-28.5
-28.0
-28.8
-28.4
-27.8

0.93
0.73

12.0

6.6
23.0
27.1
0.81

0.2
32.9
23.5
43.6

-27.9
-27.5
-26.8

0.93
0.95

36.0

10.3

0.84

48.3
32.4
19.3

-23.3
-21.8
-22.0

1.15
1.01

32.0

0.65

53.9
23.7
22.4

-26.8
-24.6
-24.8

1.09
1.07

43.1
0.81
6.5
9.0
1.9
0.8

800
2.0

60.5
30.6
8.9

-24.0
-23.2
-24.7
-23.3
-23.1

1.06
1.37

32.0
0.866

10.5

0.75
1.0

13.5
0.68

61.4
27.7
10.9

-25.0
-25.3
-25.5
-24.5
-24.8

1.05
1.1

-
<1.0

-
-25.5
-24.2
-24.0

>1.0

Sample
Parameters

API Gravity
Density
Wax (%)
Pour Point (OC)
Asphaltenes (%)
Sulfur (%)
Nitrogen (pppl)
NickeVV anadium
Saturates (wt. %)
Aromatics (wt. %)
Residue (wt. %)
Total Oil (CIt)Asphaltenes 

(CI)
Saturates (CI)Aromatics 

(CI)
Residue (CI)
n-Alkanes
Pristane/Phytane--

'After Salah (1994) and Cole et al. (1995). See Figure 2 for locations of oil samples.
"Gulf of Suez representative oil sample from the Zeit Bay oil field.
tCI = correlation index.

(Barakat, 1982; Rohrback, 1982; Shaheen and
Shehab, 1984; Cole et aI.., 1995)..

oil/on Correlation

Carbon isotopes, GC, GCMS, oil gravity, wax
content, pour point, asphaltene, sulfur, nitrogen
contents, and nickel/vanadium ratio were used to
correlate the different oil discoveries in the study
area with each other and with the Gulf of Suez oils.

Seven oil samples from the northern sector of the
Red Sea (Hareed 2, Hareed North B 1, Felefel,
Hurghada, Tawila West, Esh Mellaha, and Midyan oil
and gas fields) were used as typical northern Red Sea
oil samples (Figure 2). In addition, one oil sample
(Zeit Bay oil field) was chosen as representative of
the Gulf of Suez oils because these oils are treated as
a single genetic group sourced from one, or highly
similar, carbonate source rock of marine origin
(Rohrback, 1982). Available bulk and specific param-
eters and isotope data for these samples are shown
in Table 1. The analyses of the seven oil samples
from the northern Red Sea showed that five of them
(Hareed 2, Hareed North B 1, Tawila West 1, Esh
Mellaha, Midyan) are genetically different from the
Gulf of Suez oil (named group 1 by Salah, 1992), sug-
gesting a second group of oils (group 2).

Four diagrams were constructed (see Figure 12)
to show variations in the characteristics of the group
1 and group 2 oils. These four diagrams show the
stable carbon isotope Galimov curve (Figure 12A),
aromatics and saturates carbon isotopes (Figure

12B), API gravity relationships to sulfur and wax
(Figure 12C), and the relative distribution of steranes
(CTh C2s, and C29) (Figure 120).

The group 1, or Gulf of Suez oils, are character-
ized by relatively high sulfur content, low wax
content, isotopically light, pristane/phytane ratio
around or less than 1.0, absence of any diagnostic
biomarkers (Figure 13), nickel/vanadium ratio
less than 1.0, carbon preference index of less
than 1.0, and relatively low C29 content.

The oils of this group have the same character-
istics regardless of the reservoir age or the loca-
tion of the field. These characteristics indicate
that Gulf of Suez oils were sourced from marine
carbonate sediments with no significant organic
facies variations (Rohrback, 1982). The difference
in the geochemical characteristics of these oils is
due mainly to different levels of maturity.

The group 2, or northern Red Sea oils, are char-
acterized by rather low sulfur content, relatively
high wax content, isotopically heavier, pris-
tane/phytane ratio greater than or equal to 1.0,
abundance of some specific biomarkers (especial-
ly gammacerane), nickel/vanadium ratio equal to
2.0, carbon preference index of more than 1.0,
and relatively high C29 content. The characteris-
tics of this group indicate that it received a contri-
bution from both a siliciclastic marine source and
a terrestrial source. The correlation of the Hareed
oils (group 2) is shown in Figure 14.

From these data, most of the northern Red Sea
oils (group 2) clearly are distinctly different from
group 1 Gulf of Suez oil.
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Figure 12-{A) Stable carbon isotopes (Galimov curve) for some oils from the Red Sea (compiled from Salah, 1994;
Cole et al., 1995). (B) Aromatic carbon isotopes vs. saturate carbon isotopes for some oils from the Red Sea showing
the differences between the two oil groups (compiled from Salah, 1994; Cole et al., 1995). (C) Plot of API gravity, sul-
fur, and wax for some oils from the Red Sea showing the different depositional environments of the oil source
rocks (compiled from Salah, 1994; Cole et aI., 1995). (D) Relative distribution of steranes (CZ7, CZ8, and CZ9) for some
oils from the Red Sea. Note the relative increase in CZ9 ratio in group 2, indicating that it was sourced from a differ-
ent source (compiled from Salah, 1994; Cole et aI., 1995).

Comparison of Source Rocks located in the Egyptian Red Sea are incorporated in
the source/source correlation. These thirteen wells
are the Abu ShaarNE 1, Abu Nigar C, Abu NigarA 1,
Abu Shiban 1, Abu Shiban 2, West Hurghada 1,
Felefell, Hareed 1 and Hareed 2, Caborya 1, Hareed
NB 1 and Hareed NB 2, and Estakoza 1 (Figure 2).

A total of 895 shale and carbonate samples from
the Saudi Red Sea (Midyan Basin) were analyzed by
Cole et al. (1995). The results of the analysis of
extracts from potential source rocks from 13 wells
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The characteristics of the northern Red Sea oils
can be interpreted as follows.

(1) The low sulfur content reflects either a lacus-
trine or a deltaic-terrestrial source, whereas the
moderate sulfur content reflects an open, siliciclas-
tic marine source..

(2) The abundance of gammacerane indicates
gymnobacterial evaporitic sediments, but it also
occurs rarely in nonevaporitic sedimentary rocks.

(3) The carbon preference index is greater than
1.0, most likely reflecting a contribution of a terres-
trial source.

(4) The pristane/phytane ratio is greater than
1.0, indicating contribution by a nonmarine source.

(5) The nickel/vanadium ratio is equal to or
more than 2.0, indicating the influence of a lacus-
trine source.

(6) The relative increase in C29 distribution indi-
cates the influence of terrestrial sources.

Based on these data, we conclude that the
Hareed 2, Tawila West, Esh Mellaha, Midyan, and
Hareed NB 1 oils have the standard group 2 charac-
teristics and ar~ sourced from the middle Miocene
Kareem and Belayim formations (extract B) (Figure
16) or the lower Miocene Rudeis Formation
(extract C). We also conclude that the variations in
oil characteristics within this oil group (e.g.,
Hareed NB 1 and Hareed 2) are attributed to facies
Ghanges in the source.

We also conclude that the Felefel oil reflects a
mixture of two sources: the lower Miocene Rudeis
Formation (extract C), as indicated from the tow
sulfur content and low pristane/phytane ratio, and
the middle Miocene Kareem Formation (extract B),
as indicated from the abundance of gammacerane
and the more negative isotopic components..

Finally, we conclude that the Hurghada oil
belongs to group 1 and is sourced from the pre-
Miocene source rocks.

Our interpreta'tion of the oil characteristics
indicated two source rocks for the Red Se~ oils
(group 2). One source rock was deposited in non-
marine and restricted settings, and the other
source rock 1S a marine siliciclastic rock. Hence,
the candidates for the nonmarine, restricted
source rocks are the middle Miocene Kareem
Formation and the Sidri and Hammam Faraun
members of the Belayim Formation (Maqna
Group); the marine, noncarbonate candidate
source rock is the lower Miocene Rudeis
Formation. The carbon isotopes, GC," and GCMS
of the bitumen extracts of these source units
were compared with those of the extracts of the
upper Senonian Brown Limestone, which has
been recognized by most scientists as the major
source rock for the Gulf of Suez oils (group 1).

Based on the available analysis of bitumen extracts
of the potential sources, there are three different
types of extracts (Figure 15), labeled A, B, and C.

Extract A (Upper Senonian carbonates) is charac-
terized by a low wax content, a relatively high sul-
fur content, a pristane/phytane ratio of less than
1.0, an abundance of the C29 sterane component,
and an absence of any diagnostic biomarkers.
These parameters, more or less, are the same bulk
and specific parameters as the Gulf of Suez oils
(Salah, 1992), and these rocks most probably are
the main source for these oils.

Extract B (middle Miocene Kareem and Belayim
formations) is characterized by relative increase in
C29 ratio, isotopically heavier (extended to C35
hopanes or more), relatively low sulfur content, a
high wax content, an abundance of gammacerane,
and a carbon preference index more than 1.0.

Extract C (early Miocene Rudeis Formation) is
characterized by a low wax content, a moderate
sulfur content, and a pristane/phytane ratio of less
than.t.O.

The comparison among these three extracts is
shown in Figure 15, which shows that the pre-
Miocene source (Brown Limestone), the middle
Miocene source (Kareem and Belayim formations, i
Maqna Group), and the lower Miocene Rudeis
Formation (Burqan Group) differ from each other.
The extracts of middle Miocene sources on both
sides of the Red Sea showed no major differences
(Figure 15).

CONCLUSIONS

Major prerift and synrift rich source units have
proven to be capable of yielding oil and gas and are
mature enough in the deep hydrocarbon kitchens
to generate hydrocarbons on both sides of th~
northern Red Sea.

Geoch~mical parameters, sterane distribu-
tions, and biomarker correlations prove that the
northern Red Sea oils are genetically different
from the Gulf of Su~z oils. The northern Red Sea
oils, known as group 2 oils, are characterized by
a low sulfur content, have a relatively high wax
content, are isotopically heavier, have a pris-
tane/phytane ratio greater than or equal to 1.0,
have an abundance of biomarkers such as gam-
macerane, have a nickel/vanadium ratio of 2.0,

Oil/Source Correlation

Based on the evidence from recent studies car-
ried out by Rohrback (1982), Shaheen and Shehab
(1984), and Salah (1992), on the geochemistry of
the Gulf of Suez hydrocarbons, group 1 oil is a typi-
cal Gulf of Suez oil and is sourced from extract A,
the ore-Miocene source.
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