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Abstract: The bulk composition of sedimentary organic matters present in some rock units from

Cretaceous to Middle Eocene source rocks at Badr El-Dein concession at central-Abu El-Gharadig

basin is processed via the relationship between hydrogen index (HI) versus Tmax. Whilst the quantity

of oil-prone, gas-prone and inert organic matter in source rocks are determined through the use of

regression lines from the plot of S2 versus TOC to detect the inert organic component and the other

components, such as oil-prone and gas-prone kerogen through transparent overlays. This relationship

is used also to determine the system tracts (depositional environment). This method is applied to six

rock units, including Alam El-Bueib and  Kharita Formations of the Lower Cretaceous added to three

Upper Cretaceous rock units as Bahariya, Abu Roash and Khoman Formations, beside a rock unit

representing the Paleocene to Middle Eocene (Apollonia Formation), These formations are present at

different maturation stages. The Lower Cretaceous rock units (Alam El-Bueib and  Kharita

Formations) have  kerogen formed from terrestrial sapropelic macerals (waxy oil-prone), followed by

inertinite and vitrinite (gas-prone) respectively, these rock units are deposited under transgressive stage

(T) for Alam El-Bueib Formation and graduated upward to high stand system tract for Kharita

Formation. Such rock unit is characterized by high terrestrial input and near-shore deltaic environment,

whereas that of Bahariya Formation is characterized by high content of oil-prone kerogen (sapropelic

maceral), followed by gas-prone (vitrinite) in most of the studied samples with occasionally presence

of inertinite kerogen and deposited under slow (T) stage. In Abu Roash Formation, the type II kerogen

is the main type with few samples of type I, in which gas-prone (vitrinite) is the main component,

followed by inertinite and sapropelic macerals which led to the production of less waxy crude oil,

deposited under the oscillation of the sea from greater transgressive stage (T) to high stand system

tract (H). In Khoman Formation the types I, II and III kerogens are present, in which the gas-prone

kerogen (vitrinite) and inertinite are the main components these reflect higher terrestrial sedimentary

organic matter input and /or highly oxidizing depositional environment (high stand system tract),

whereas the presence of marine oil-prone kerogen reflects maximum transgressive stage. Eventually,

the kerogen of Apollonia Formation is mainly composed of oil-prone organic matter (mixture of

marine and terrestrial sapropelic macerals) in most of the studied samples at the upper part of this

formation, with little quantity of inertinite and vitrinite which is absent in some samples deposited

under transgressive stage (T). 

Key wards: Abu El-Gharadig basin, Western Desert, Cretaceous, kerogen, vitrinite, transgressive

system tract.

INTRODUCTION 

Abu El-Gharadig basin is an E-W oriented asymmetric graben, it is one of the most important productive

basins in the northern part of the Western Desert. It extends for about 300 Km long and 60 Km wide. The

sedimentary cover of this basin ranges in age from Late Jurassic to Miocene. Sharib-Shiba high represents the

northern border of the basin, Sitra platform is the southern limit, Kattaniya-Abu Roash high to the east and

finally Faghur-Siwa basin to the west (EGPC, 1992 and Abdelmalek and Zeidan, 1994).

The study area occupies the central western part of Abu El-Gharadig basin and covers some parts of Badr

EL-Din concession (Fig.1). It extends between latitudes 29º 48  35  and 29º 56  41  N., and longitudes 27º\ \\ \ \\

34 31 and 28º 30  59  E. \ \\ \ \\
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Fig. 1: Location map of the study area and the delineated faults.

Abu El-Gharadig basin comprises many of the most productive oil and gas fields in the northern part of

the Western Desert (El-Shaarawy et al, 1994).  In Badr El-Din Concession, oil and gas have been produced

up to now from the Late Cretaceous (Turonian) Abu Roash C, D, E, F and G Members and from the

underlying Cenomanian Bahariya and Albian Kharita Formations (El-Toukhy and Bakry, 1988).

The source rocks of Abu El-Gharadig basin are present in the non calcareous shale sequences associated

with the transgressive front of the Late Jurassic and Late Cretaceous. More oil-prone source rocks do exist

locally, where liptinic maceral are concentrated (Schlumberger, 1984). The Mesozoic source rocks of Abu El-

Gharadig basin include oil and gas- prone sediments of the Middle Jurassic Khatatba Formation, the Early

Cretaceous Alam El Bueib and Kharita Formations and the Late Cretaceous Bahariya and Abu Roash

Formations (Abdel Gawad, 2002). The Lower Cretaceous rock units in the north Western Desert are composed

of black wood (inertinite) associated with some plant tissues, brown wood (vitrinite) and sapropelic macerals

such as pollen, spores, amorphous organic matter (Maky et al, 2003). The Upper Cretaceous Bahariya

Formation contains kerogen composed mainly of vitrinite, inertinite and some quantities of sapropelic

components, (Baioumi and Maky, 2004). The Khatatba Formation contains some fair to excellent quality of

oil-prone source rocks (type II kerogen) with gas-prone humic organic matter (type III), rich and mature, so

that, significant amounts of oil and gas have been generated (Maky and Abdel fattah, 2008). Alam El Bueib

Formation (Shaltut Formation) has generally poor to fair and sometimes good quality of mixed oil-prone and

gas-prone source rocks. Kharita Formation is characterized by the presence of frequent gas-prone carbonaceous

shales with good source potential for gas generation. Bahariya Formation contains some fair quality gas-prone

humic organic matter with few potential oil source rocks (type II kerogen) and poor to fair potential gas source

rocks in Abu El-Gharadig basin (EGPC, 1992 and Maky, 1995). The most consistent and widespread source

rocks of the Abu Roash Formation have been found in the Late Cretaceous (E, F and G Members). These

Members have fair to good oil source rocks and contain the best oil-prone source rock in the stratigraphic

succession of Abu El-Gharadig basin. It is worth-mentioning that, Abu Roash "F" Member is the most source

rock and it is outstanding in both content and oil-prone character (type I-II kerogen) (Schlumberger, 1995).

The intervals within the Khoman Formation (base Khoman A and top Khoman B) proved to be potential

source rocks containing mixed type II-I kerogen (Shahin et al., 1986) The Tertiary source rocks in Abu El-

Gharadig basin are characterized by good quality, but immature oil source rocks were identified (EGPC, 1992).

This study is concentrated on some Paleocene and Eocene, as well as some Lower and Upper Cretaceous

rock units. The Cretaceous system in Abu El-Gharadig basin is divided into two main units: the Early

Cretaceous clastic units that comprise the Shaltut (Alam El-Bueib), Alamein, Dahab and Kharita Formations

and the Late Cretaceous units, that comprise Bahariya, Abu Roash and Khoman Formations. While the

Paleocene sediments are represented by Apollonia Formation. The different rock units of the northern Western

Desert are shown in Fig.(2).
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Geologic setting:

Stratigraphy:

Early Cretaceous:

The first major marine transgression in the Cretaceous times occurred during the Aptian. It covered both

the entire Western Desert, as well as the margins of the Arabo-Nubian Craton along the northern Sinai and

Gulf of Suez region (Said, 1990). The sediments of the Early Cretaceous were deposited under fluviatile deltaic

complex facies in the south, changing gradually to fluvio-marine and shallow marine facies in the north (Abu

El Naga, 1984).

Alam El-bueib Formation:

It forms the basal sandstone and shale intercalations of the Early Cretaceous section in Abu El-Gharadig

basin and dates to the Neocomian– Barremian age (Baioumi, 1996).

Kharita Formation:

This formation represents the Albian series of the Early Cretaceous (Barakat, 1982). It is composed of

massive quartzose sandstone interbedded with shales and siltstone. The upper unit of Kharita Formation is

composed of clean sandstone, separated by shaley and silty intervals of coastal plain environment

(Schlumberger, 1984), whereas the lower unit consists of fine laminated sandstone, siltstone and shale

intercalations are of shallow marine environment. The dominance of a high energy of sandstone facies indicates

that, Kharita Formation was deposited in extensive shallow marine shelf environment (EGPC, 1992).

Fig. 2: Generalized stratigraphic column of Abu El-Gharadig Basin, north Western Desert, Egypt.

(after shell, 2001) 

Late Cretaceous:

Late Cretaceous rock units were deposited under near shore to deltaic environments to the south of Abu

El-Gharadig basin, changing gradually to shallow marine carbonate shelf to the north (Abu El Naga, 1984).

Bahariya Formation:

The Cenomanian Bahariya Formation sandstones are the main gas and / or condensate pay in Abu El-

Gharadig basin. It represents a gradational phase of finning upwards to the overlying marine carbonates and

shales of the Turonian-Coniacian Abu Roash Formation (Kandil, 2003). The dominance of sandstone facies

indicates that, the Bahariya Formation was deposited on a wide extensive shallow marine shelf environment.

(Al-Ramisy, 2006)
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Abu Roash Formation:

Abu Roash Formation is of Turonian-Coniacian age and attains a thickness up to 1000 m in Abu El-

Gharadig depocenter and is characterized by a considerable percentage of the oil discovery reserves. It

conformably overlies the Bahariya Formation and unconformably underlies the Khoman Formation. El Gezeery

and Oconner, (1975) subdivided the Abu Roash Formation into seven informal Members from bottom to top

(G, F, E, D, C, B & A). The Members A, C, E and G are mainly fine clastics, while those of B, D and F

are clean carbonates. 

Khoman Formation:

Khoman Formation refers to Santonian to Maestrichtian age. It was deposited in a deep and open marine

to outer shelf conditions. It overlies unconformably different units of the Abu Roash or the Bahariya formations

and easily distinguished by virtue of its lithology and stratigraphic position (Hanter, 1990). It consists of two

lithologic units; the lower unit is mostly shale with highly argillaceous limestone, while the upper unit consists

of fine grained and white chalky limestone with cherty bands.

Cenozoic Rock Units:

The Cenozoic rocks can be subdivided into two cycles: the first cycle extends from Paleocene to Middle

Eocene through Apollonia Formation, and the second cycle extends from the Upper Eocene to Miocene, which

includes the Dabaa Formation at the base and Moghra Formation at the top (Abdel Aal & Moustafa, 1988).

Apollonia Formation:

The Apollonia Formation consists of white limestone, finely crystalline, cherty, fossiliferous, glauconitic

and argillaceous, with shaley interbeds near the top. It was deposited in a deep outer shelf and open marine

environments. It overlies unconformably the Upper Cretaceous Khoman Formation on structural highs affected

by the Syrian Arc folding, where the Upper Paleocene- Lower Eocene (Esna Shale) is commonly missing,

because of uplifting and erosional truncation (EGPC, 1992). The dominance of the carbonate facies within the

Apollonia Formation indicates shallow to open marine depositional environments, (Al-Ramisy, 2006)

Tectonics:

The regional tectonic elements, that affected the Western Desert are: the Caledonian cycle (Cambrian –

Devonian), Variscan- Hercynian (Late Paleozoic), Cimmerian / Tethyian (Triassic – Early Cretaceous), Sub

Hercynian – Early Syrian Arc (Turonian–Santonian), Syrian Arc main phase (Paleogene) and the Red Sea phase

(Oligocene- Miocene) (Meshref, 1990). The Western Desert can be subdivided, from south to north, into four

tectonic units: Craton and Stable Shelf, Unstable Shelf, Hinge Zone and Miogeosyncline (Schlumberger, 1984).

The sedimentary basins of the north Western Desert occupy two provinces separated by the E-W to ENE-WSW

trending Ras Qattara-North Sinai uplift, as shown in Fig. (3). The northern province includes the Shushan,

Matruh and Alamein basins of Late Jurassic– Early Cretaceous age. The southern province includes mainly

Abu El-Gharadig basin of Late Cretaceous and younger age. Two main tectonic forces affected the region: the

first is a sinistral shear, which resulted in a regional NW tectonics affected both provinces in the Jurassic –

Early Cretaceous age. The second is a dextral shear, which resulted in a regional ENE tectonics affected the

southern provinces (Meshref, 1996).

Fig. 3: The sedimentary basins of the north Western Desert  (after Mesherf, 1996)
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Abu El-Gharadig basin is an E–W oriented intracratonic graben with 300 km long and 60 km wide. It is

bounded by the Sitra platform to the south and by the Qattara ridge to the north. The basin is subdivided into

several structural units, separated by NE/SW trending "oblique ridges" of varying importance named from E

to W: Mubarak High, Abu El-Gharadig Anticline and the Mid Basin Arch (Abdel malek and Zeidan, 1994).

The major tectonic events of Abu El-Gharadig basin extended from Paleozoic to Tertiary periods, as follows:

A phase of strong uplift and erosion of the Paleozoic clastic basin took place in pre-Jurassic times. At the end

of the Carboniferous age, the first uplift was active, resulting in the major Hercynian unconformity and non-

depositional of Permian and Triassic sediments. This movement was followed by the major Jurassic

transgression. At the end of Jurassic, the area was elevated again and another major unconformity developed.

Thereafter, during Jurassic/Early Cretaceous times, the regional subsidence resumed with very little tectonic

activity, resulting in a progressive tilting of the Sitra platform towards the north, accompanied by minor

faulting.

The most effective tectonic cycles controlling the shape and the development of the area began with the

Early Cretaceous. In the Aptian–Albian, times the Qattara ridge became uplifted and subjected to erosion or

non-deposition prior to the onlap of the Late Albian–Cenomanian clastics. The major fault zone, that separates

the Qattara ridge from Abu El-Gharadig basin was actually already active during the Late Jurassic times, as

well as active in the Aptian times. During the Late Cretaceous times, tectonics had been very effective with

a higher rate of displacement along the already existing faults, sometimes associated with lateral displacement.

During this time, the tectonics were resulting in huge contemporaneous faults and large amounts of Upper

Cretaceous sediments and activity increased drastically. Extensional tectonic activity was terminated in the Late

Cretaceous by the Syrian Arc inversion phase (Awad, 1984, MacGregor and Moody, 1998). The Tertiary was

essentially a very quite period and the tectonic activity was limited to reactivation of the main faults and to

a lesser extent further uplifting of the oblique ridges (Zante, 1984).

Methodology:

According to Dahl et al., (2004), the sedimentary organic matter (kerogen) is divided into three end

Members as follow: inert kerogen, oil-prone and gas-prone end Members. The method used here is based on

the cross-plots of S2 versus TOC, as described by Clayton and Ryder (1984) and Langford and Blanc-Valleron

(1990) and regards the TOC to be a linear function of the S2 with hydrogen index (HI) as the slope of the

curve. The HI derived from the regression line in such cross-plots is the average HI of a group of samples

or the source section. The intersection of the regression line with the TOC axis is a measure of the average

weight percentage of the inert organic carbon (inertinite) in the sample population used in the cross-plots. The

average hydrocarbon potential of the live kerogen (oil-prone and gas-prone) portion can be defined from the

overlay technique (Dahl et al., 2004).

Inert Kerogen (Inertinite):

According to Cornford (1994) the sedimentary organic matter will usually have a fraction of inert organic

maceral, which doesn`t fragment during pyrolysis, that it leads the regression line offset from the origin. So,

the live kerogen is lower than the observed or measured total organic carbon, so that the obtained HI from

the Rock-Eval pyrolysis data is lower than the actual (live) Hydrogen index (HI). The obtained HI from the

plot of TOC versus S2 is the average HI of the suite of samples or the rock section and also the obtained S2.

The analyzed section or group of samples containing inert organic carbon will consequently have a better

source rock quality than suggested by the Rock-Eval pyrolysis (Dahl et al., 2004).

Average TOC (live) = TOC (observed) – TOC (inert)   (1 )

Where: TOC observed is the TOC obtained from cross-plot, and TOC inert equal the intersection of

regression line with the TOC axis. 

The resulted average TOC (live) from the plot is lower than the mean TOC of the analyzed samples, so

the obtained HI from this step is greater than that measured.

HI (live) =100 X (S2 (observed)/(TOC observed –TOC inert)   (2 )

2-Active kerogen:

Since the average or live kerogen is composed of two components, oil-prone (sapropelic) and gas-prone

(vitrinitic) macerals. The fraction of each component, m and n, respectively can be detected from the overlay

technique, in which the overlays are superimposed on the trend and the kerogen mixture m and n is read from
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the overlays, since the kerogen is present at different maturation stages, we use different overlays, one for the

immature samples, in which TR =0  (equal to production index PI <0.1), while  the other for the mature one

in which TR=0.3 (PI between 0.1< 0.4), whereas the more mature one of TR=0.4 (PI >0.4) use the third one.

To calculate the active kerogen, at first we determine the gas/oil ratio potential (GORP), as follow: 

GORP= m / (m + n)   (3 )

The sapropelic (oil-prone) and vitrinitic (gas-prone) macerals are identified as follow;  

TOC (oil-prone)  = TOC (live)   X (1- GORP)   (4 )

TOC (gas-prone) = TOC (live) X GORP   (5 )

3-original Kerogen Determination:

When the kerogen present in the studied horizon or sedimentary section is subjected to thermal

degradation, the average residual hydrocarbon, must be restored to its original potential (Dahl, 2004). To reach

to the restoration of the original kerogen, the transformation ratio of the total kerogen must be known, it can

be determined by geochemical analysis, such as Production Index (PI) (Espitalie et al., 1987 and Dahl and

Augustson, 1993). At first we determine the original hydrocarbon lost from natural hydrocarbon generation.

According to Dahl (2004) 

S2 lost = S2 (restored) - S2 (observed)   (6 )

S2 (restored) = S2 (observed) / (1-TR)   (7 )

TOC lost = S2 (lost) Ü   (8 )

where: á is constant = 0.084

Finally, the restored TOC can be calculated as follow:

TOC (restored) = TOC (observed) + {S2 (observed) X (TR/(1-TR)} Ü   (9 )

HI live (restored) = 100X S2 (restored) / {TOC (restored) – TOC (inert)}

(10)

RESULTS AND DISCUSSIONS

I-bulk Composition of the Kerogen:

The bulk composition of sedimentary organic matter present in the studied rock units can be determined

from the cross-plot between HI and Tmax, which indicates the thermal maturation of the present organic

matter. At first, the bulk composition of sedimentary organic matters present in Alam El-Bueib Formation is

of type II, which is the main constituent, as shown in Fig. (4), with intermediate observed HI of the range

from 203 to 280 and two samples of range from 424 to 479 in the upper part of this formation. In Kharita

Formation, type III kerogen is the main sedimentary organic matter present in Bed 1-4 well, as shown in Fig.

(5), associated with two samples of type II in BED 8-1 of low HI (157-178), whereas type II in BED 9-1 well

of HI abut (400). The higher content of type III kerogen is mainly related to the higher water circulation in

this sandy rock unit which led to the oxidation of organic matter.

Bahariya Formation is characterized by the presence of kerogen composed mainly of type II of HI ranged

between 200 and 414, whereas type I kerogen has HI of 781-793 in BED1-2 well. Finally, the organic matter

present in BED 9-1 well is of type II, as shown in Fig. (6). 

The bulk composition of the present kerogen in Abu Roash “A” Member the is mainly of type II  and

of low observed hydrogen index less than 300, except one sample in BED 13-1well reached to about 600 HI,

as shown in Fig. (7). All the analyzed samples are present in the oil window maturation stage. 

In case of Abu Roash “E, F and G” Members, the organic matter present are characterized by the

occurrence of type II kerogen in case of Abu Roash “E” Member of HI ranges from 362 to 532 and type I

of 805 HI in BED7-1well. In case of Abu Roash “F&G” Members, the HI are ranged from 226 to 658 (figure

8).

The kerogen present in Khoman Formation at the area around BED 13-1 well is composed of type II

kerogen of Lower HI not exceed 300, and occurs in the maturation stage, as shown in Fig. (9). Whereas that

present in BED 4-1 well is of type II kerogen of hydrogen index extended to more than 400, associated with

one sample of type III. Eventually, the kerogen present in BED 9-1 well is of type I, in which HI is ranged

between 675 and 778. 
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Fig. 4: Hydrogen index (HI) versus Tmax of Alam El-Bueib Formation.

Fig. 5: Hydrogen index (HI) versus Tmax of Kharita Formation.
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Fig. 6: Hydrogen index (HI) versus Tmax of Bahariya Formation.

Fig. 7: Hydrogen index (HI) versus Tmax of Abu Roash "E, F and G" Members .
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Fig. 8: Hydrogen index (HI) versus Tmax Abu Roash "A" Member.

Fig. 9: Hydrogen index (HI) versus Tmax of Khoman Formation.
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Fig. 10: Hydrogen index (HI) versus Tmax of Apollonia Formation.

Apollonia Formation kerogen is of type II and of HI ranges between 150 and 500, in which only one

sample is of type III (fig.10). All  of the analyzed samples are occurred in the oil window maturation stage.

Ii-determination of Kerogen Components:

Lower Cretaceous Rock Units:

The average inertinite content in Alam El-Bueib Formation is detected from the TOC versus S2 cross-plot,

as shown in fig. (11). The kerogen constituents of this formation are present in two transformation ratios (TR)

of 0.0 and 0.3, as shown in table (1). At the transformation ratio (TR) = 0.0, in the average live TOC, there

are two organic facies only, in which the terrestrial sapropelic facies is the main component 4.37 wt% as

reflected from the low average live HI value (267); in combination with 0.23 wt% inertinite and gas oil ratio

potential (GORP) equal to 0.0, so this organic matter has the ability to produce highly waxy crude oil only.

Eventually, the group of samples of TR 0.3 contains kerogen composed of 0.1 wt% and of type II facies

(sapropelic maceral),  0.01 wt% vitrinite, while inertinite is the main constituent of 1.21 wt%. In this group,

the GORP is of 0.06, which indicates that the hydrocarbon products are little of waxy crude oil with minor

amount of gases.

The studied groups of samples derived from Kharita Formation represent three wells, in which the

composition of kerogen present in this rock unit is shown in table (1). Kharita Formation is present at different

depths ranged from 1499 m at BED 8-1 well to 3490 m at BED 9-1 well and (3561 and 3688 m) at BED1-4

well, which reflects also different maturation stages. In BED 8-1well, at the northwestern part of the study

area, the kerogen of Kharita Formation is present at depth 1505 m and of TR 0.0, which indicates immature

organic matter. Two organic facies are only present, the average live type II Kerogen (sapropelic) is of 1.92

wt% and inertinite of 0.43 wt%, with Live HI of 208. These low values of HI and high content of type II

kerogen reflect that, the produced hydrocarbons are mainly gases with highly waxy crude oil. This  organic

carbon is deposited in proximal near-shore open water circulation depositional environment, which led to the

oxidation of organic matter. Also, the sedimentary organic matter present in BED 9-1 well, is composed of

terrestrial sapropelic maceral of 1.64 wt% and inertinite of 0.65 wt%, with lower live hydrogen index than that

present in BED 8-1 well (145). This reflects that, the present organic matters are more herbaceous and

deposited under highly oxidizing condition or more nearer to the shore line. In case of BED 1-4 well, the
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sedimentary organic matters of Kharita Formation are present in different transformation rates. In TR = 0.0

stage, the three end Members are as follow: the inertinite is the main constituent of 0.7 wt%, then the

sapropelic maceral is of 0.5 wt% and the  vitrinite represent, 0.13 wt%. This kerogen has average live HI of

574, such higher value of HI reflects that, the present sapropelic macerals are of marine origin or they are

indigenous, not reached the migration stage. Whereas in TR= 0.3 and 0.4, the present sedimentary organic

matters are composed only of sapropelic facies of 4.03 and 1.63 wt% live kerogen. It has live HI of 117 and

146, respectively, and gas oil ratio potential (GORP) is of zero. This indicated that, the present sapropelic

maceral are mainly reworked kerogen affected by oxidation from water circulation in this sandy rock unit, so

the predicted hydrocarbon products are mainly gases.

Fig. 11: Weight percentage of inertinite in organic matter present in Alam El-Bueib Formation. (after Dahl

et al, 2004)

Table 1: The average kerogen composition of Alam  El-Bueib and Kharita form ations.   

Parameters Alam El-Bueib Fm .                Kharita Formation

----------------------------- ---------------------------------------------------------------------

BED 8-1 well BED 8-1 well               BED 1-4 well 

Transformation ratio  (TR) 0 0.3 0 0 0.3 0.4

TOC (observed) 4.60 1.32 2.35 1.33 4.03 2.29

Inertinite wt% 0.23 1.21 0.43 0.70 0.00 0.66

TOC (LIVE) 4.37 0.11 1.92 0.63 4.03 1.63

S2 (observed) 11.7 2.6 4 3.6 3.4 1.5

S2(Restored) 11.70 3.71 4.00 3.60 4.86 2.50

TOC(Restored) 4.60 1.41 2.35 1.33 4.15 2.37

HI (LIVE) 267 2476 208 574 84 92

HI (restored) 267 1870 208 574 117 146

GORP 0 0.06 0 0.2 0 0

Sapropelic kerogen live wt% 4.37 0.10 1.92 0.50 4.03 1.63

Sapropelic kerogen  live restored wt% 4.37 0.19 1.92 0.50 4.15 1.71

Vitrinite kerogen live wt% 0.00 0.01 0.00 0.13 0.00 0.00

Vitrinite kerogen live  restored wt% 0.00 0.01 0.00 0.13 0.00 0.00

S2 live type II (oil) 11.70 3.49 4.00 2.88 4.86 2.50

S2 live type III (gas) 0.00 0.22 0.00 0.72 0.00 0.00

Inertinite /TOC ratio 0.05 0.92 0.18 0.53 0.00 0.29

Sapropelic/TOC ratio 0.95 0.08 0.82 0.38 1.00 0.71

Vitrinite  /TOC ratio 0.00 0.01 0.00 0.10 0.00 0.00

Upper Cretaceous Rock Units:

Sedimentary organic matter of Bahariya Formation in the studied wells have different ratios of the main

kerogen end Members, as shown in table (2). In case of BED 9-1 well, the average of type II kerogen

(sapropelic) is 0.57 wt%, with 0.36 wt% vitrinite, while the inertinite is the smallest value of 0.17wt%. This

kerogen has live HI of 418 value, which reflects that the sapropelic organic matter is of terrestrial source, so

the predicted hydrocarbon is of waxy crude oil associated with some gases, as reflected also from the OGRP

of 0.39. In BED 1-2 well, the present kerogen is of two transformation ratios. The TR 0.3 stage is

characterized by the same wt% of both sapropelic and vitrinitic end Members (0.29 wt%) and 0.17wt% of

inertinite. This group of kerogen has average live HI of 506, in which this relatively higher value reflects the

presence of both marine and terrestrial sapropelic maceral, so the produced hydrocarbons are a mixture of
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heavy and light oils with high gases, as indicated also from the GORP of 0.46. The kerogen present at

transformation ratio 0.4 stage in BED 1-2 well is only of two types, vitrinite of 0.28 wt% and inertinite of

0.69wt% which is characterized by higher HI more than 1000. This higher value of HI indicated that, the

present hydrocarbons are mainly of gases, as indicated from the GORP of 1, condensates and indigenous heavy

hydrocarbons.

The organic matter constituents present in Abu Roash Formation are shown in Table (2). Abu Roash “G”

Member have 0.6 wt% of type IV kerogen (inertinite), with a variable quantities of type II, which is composed

of 1.49 wt% and 0.17wt% of vitrinite and sapropelic macerals, respectively, in samples of        BED 1-2 well,

of live HI of 759, This high value of HI and that of GORP of 0.9 indicated that, the produced hydrocarbons

are mainly gases associated with condensated hydrocarbons. Inertinite of 0.98 wt%, in combination with

sapropelic maceral constitute 0.47 wt% and 0.31 wt% vitrinite, are the components of the sedimentary organic

matter of Abu Roash “F” Member at BED 1-2 well with live HI of 943. This high value of hydrogen index

support the assumption that, the sapropelic macerals are of marine origin, that produces good light

hydrocarbons with some gases resulted from the present vitrinite, as cleared from GORP value 0f 0.4. In case

of Abu Roash “E” Member in BED 1-2 well, that present at depth ranged between 3124.5 and 3185.5 m are

subjected two maturation stages. The oil window stage, which has a transformation ratio of 0.3,

Table 2: The average kerogen composition of Bahariya and Abu Roash Form ations.   

Parameters Bahariya  Formation A/R "G" A/R "F"     A/R "E"        A/R "A"

---------------------------------- ------------------------------------------------- ------------------------------

BED 9-1 BED 1-2      BED 1-2 well BED 13-1 BED 1-4

well well well well

Transformation ratio  (TR) 0,3 0,3 0,4 0,3 0 0,3 0,4 0 0,3

TOC (observed) 1,104 0,704 0,79 2,26 1,76 0,69 0,993 0,827 1,513

Inertinite wt% 0,17 0,17 0,69 0,60 0,98 0,15 0,20 0,25 0,78

TOC (LIVE) 0,934 0,534 0,1 1,66 0,79 0,538 0,798 0,58 0,733

S2 (observed) 3,9 2,7 3,3 12,6 7,4 3,04 4,267 1,5 6,4

S2(Restored) 5,57 3,86 5,50 18,00 7,40 4,34 7,11 1,50 9,14

TOC(Restored) 1,25 0,80 0,97 2,71 1,76 0,80 1,23 0,83 1,74

HI (LIVE) 418 506 3300 759 943 565 535 260 873

HI (restored) 518 611 1931 852 943 671 686 260 949

GORP 0,39 0,46 1 0,9 0,4 0,6 0,7 0,17 0,58

Sapropelic kerogen live wt% 0,57 0,29 0,00 0,17 0,47 0,22 0,24 0,48 0,31

Sapropelic kerogen  live restored wt% 0,66 0,34 0,00 0,21 0,47 0,26 0,31 0,48 0,40

Vitrinite kerogen live wt% 0,36 0,29 0,28 1,49 0,31 0,39 0,73 0,10 0,43

Vitrinite kerogen live  restored wt% 0,42 0,29 0,28 1,90 0,31 0,39 0,73 0,10 0,56

S2 live type II (oil) 3,40 1,92 0,00 1,44 4,44 1,55 1,76 1,25 3,84

S2 live type III (gas) 2,17 1,94 5,50 16,56 2,96 2,79 5,35 0,26 5,30

Inertinite /TOC ratio 0.15 0.24 0.87 0.27 0.56 0.22 0.20 0.30 0.52

Sapropelic/TOC ratio 0.52 0.41 0.00 0.08 0.27 0.32 0.24 0.58 0.20

Vitrinite  /TOC ratio 0.12 0.35 0.13 0.65 0.12 0.46 0.56 0.12 0.28

in which vitrinite is the main constituent of 0.39 wt%, followed by sapropelic maceral of 0..22 wt% and

inertinite of 0.15 wt%. This group of kerogen has live HI of 565 and is characterized by GORP of 0.6, while

the other group of samples, which present in the maturation stage after oil window. This group is characterized

by sedimentary organic matter composed of vitrinite, which is the main maceral of 0.73 Wt%, with some

sapropelic maceral of 0.24 wt% and inertinite of 0.20 wt%, with live hydrogen index of 535. The present

sapropelic organic matter is considered of cutinite and sporonite nature, which produce heavy crude oil

associated with gases and condensated hydrocarbons produced from higher vitrinite content and GORP of 0.7.

In Abu Roash “A” Member at BED 13-1 well, that is present at depths ranged between 4554 and 4800m., the

occurred kerogen is mainly composed of type II kerogen (sapropelic maceral) of average 0.48 wt.% , 0.1wt%

of vitrinite and 0.25 wt% of inertinite, this kerogen group has HI of 260 and GORP of 0.17. So, this type of

kerogen is characterized by sapropelic herbaceous macerals mainly of terrestrial origin and the produced

hydrocarbons are of light fractions, that migrated away and are of low hydrocarbon generation or it reached

the over maturation stage. This also means that, the produced hydrocarbons are of condensate type, so the HI

values are of low value. Moreover, the organic matter present in BED 1-4 well at depth 3490 m is mainly

composed of inertinite of 0.78 wt., togethered with 0.43 wt% type III kerogen (vitrinite) and 0.31 wt% of type

II kerogen. This organic matter has higher value of live hydrogen index, so the present type II organic matter

is of marine sapropelic kerogen of higher Live HI of 873 and the GORP is of 0.58, that reflects the production

of both less waxy crude oil with high percentage of gases.
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Sedimentary organic matter present in Khoman Formation representing three wells are subjected to varying

maturation stages and contain variable quantities of type IV kerogen (inertinite), as shown in Table (3). It is

clear that, the group of samples of BED 13-1 well, which is present in transformation ratio 0.3 i.e in oil

window stage, the type IV kerogen (inertinite) is of 0.62 wt%, accompanied with 0.31wt% oil-prone kerogen

(sapropelic maceral) and 0.06 wt% gas-prone kerogen (type II), with HI of 532. This supports the presence

of higher marine sapropelic maceral, in addition to Low GORP of 0.17, which indicated that the hydrocarbon

products are mainly of oil associated with gases. Whereas the kerogen of TR 0.4, more mature than the first

group of samples of this well, have 0.29% inertinite, with 0.56 wt% of type II kerogen and 0.15 wt% of

vitrinite and live hydrogen index of 325, this low value of hydrogen index and the higher content of sapropelic

macerals reveal that, the higher terrestrial input of sapropelic maceral reflects proximity to shore line and

produces highly waxy crude oil than that resulted from the former group present in this formation. In case of

BEB 9-1 well, the kerogen present is composed mainly of type III kerogen of 3.82 wt% and 0.18 wt%

inertinite, as well as higher live hydrogen index of 754. This higher hydrogen index indicates that, the occorred

hydrocarbons are of indigenous type, since they are immature source present at shallower depth 2475m than

that in case of BED 13-1 well, which is present at depths ranged between 4270 and 4550m. Also the high

value of GORP of 1.0 reflects that, the produced hydrocarbons are of condensate type. Eventually, the kerogen

present in BED 4-1 well is existed in the oil window stage at depths ranged from 2886 to 3110 m and

composed of two types of organic macerals, sapropelic type of 0.04 wt% with 0.03 wt% vitrinite and inertinite,

which form the main component of 0.75 wt% ,with very high HI index reached to more than 1000. This

indicates that, the present hydrocarbons are of exogenous source, associated with the produced in-situ one.

Paleocene-Middle Eocene rock unit:

The inertinite content in Apollonia Formation, as detected from the TOC versus S2 cross-plot and shown

in Fig. (12 a & b) shows that, in case of transformation ratio (TR) equals zero, i,e the production index is less

than 0.1 immature source, the inertinite organic carbon (facies D) occurred in this group of samples, as shown

in Fig. (13a) equals 0.57wt% of the obtained average organic carbon. But these samples of TR =0.3 i,e the

production index (PI) ranges between 0.1 and 0.4 oil window stage, the dead organic carbon (inertinite) of HI

zero equals 0.33 wt%. Based on the fore-mentioned equations, the live and restored kerogen components of

this Apollonia Formation are shown in table (3). In case of the immature rock samples, the TOC live of 1.45

wt% is composed of sapropelic kerogen (type II) of 0.77 wt% and 0.68 wt% of type III, that have average

HI live of 637. The high HI value of this group of samples reflects high content of marine sapropelic organic

matter associated with the terrestrial one, since they have gas oil ratio potential GORP of 0.47 which indicate

the capability to produce low waxy crude oil and some gases. The second group of samples, which are present

in the oil window stage have higher content of sapropelic macerals, but with lower hydrogen index. This

reflects that, the sapropelic organic matter is of terrestrial origin (such as sporonite and cutinite) and the GORP

of 0.0 this reveals that, the generated hydrocarbon is of heavy waxy crude oil. This variation of the hydrogen

index and also that of the marine and terrestrial sapropelic macerals reflect the oscillation of the sea between

transgressive (high marine sapropelic maceral) and regressive (high terrestrial input) stages.

Fig. 12: Weight percentage of inertinite present in sedimentary organic matter of Apollonia Formation. (after

Dahl et al, 2004)
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Table 3: The average kerogen composition of Khom an and Apollonia Form ations.   

Parameters Khoman Formation Apollonia Formation 

----------------------------- ----------------------------------------------------------------------------------

BED 13-1 well BED 9-1 well BED 1-4 well BED 9-1 well

Transformation ratio (TR) 0 0.3 0 0.3 0 0.3

TOC (observed) 2.02 1.47 4.00 0.814 2.02 1.47

Inertinite wt% 0.57 0.33 0.18 0.75 0.57 0.33

TOC (LIVE) 1.45 1.15 3.82 0.06 1.45 1.15

S2 (observed) 9.20 2.60 28.80 2.76 9.20 2.60

S2(Restored) 9.2 3.7 28.8 3.9 9.2 3.7

TOC(Restored) 2.02 1.56 4.00 0.91 2.02 1.56

HI (LIVE) 637 227 754 4306 637 227

HI (restored) 637 300 754 2412 637 300

GORP 0.47 0 1 0.45 0.47 0

Sapropelic kerogen live wt% 0.77 1.15 0.00 0.04 0.77 1.15

Sapropelic kerogen  live restored wt% 0.77 1.24 0.00 0.09 0.77 1.24

Vitrinite kerogen live wt% 0.68 0.00 3.82 0.03 0.68 0.00

Vitrinite kerogen live  restored wt% 0.68 0.00 3.82 0.07 0.68 0.00

S2 live type II (oil) 4.88 3.71 0.00 2.17 4.88 3.71

S2 live type III (gas) 4.32 0.00 28.80 1.77 4.32 0.00

Inertinite /TOC ratio 0.28 0.22 0.05 0.92 0.28 0.22

Sapropelic/TOC ratio 0.38 0.78 0 0.05 0.38 0.78

Vitrinite  /TOC ratio 0.34 0 0.96 0.04 0.34 0

Depositional Environments:

Robison and Engel (1993), based on the relationship of TOC versus S2, they subdivided the organic rich

sections of Late Cretaceous age in Egypt into sequence stratigraphic units of transgressive system tracts (T)

and high stand (H) system tracts. This plot shows that, the transgressive system tracts form smooth low angle

trend line (larger amount of oil-prone organic carbon) close to linear trend, whereas the high stand system

tracts change to steeper angle (more gas-prone maceral) with more disordered pattern. They stated that "the

transgressive system tract (T) occurs when sea level is rising and the basin become more flooded with less

terrestrial and reworked inert maceral influx, whereas the high stand system tract is characterized by a drop

of the sea level and more terrestrial and reworked organic macerals are coming to the basin". According to

this plot, the present rock units of the study area from base to top has the following sequences as shown in

Fig (13).

The Lower Cretaceous rock units include Alam El-Bueib Formation of sediments represent mainly a

transgressive system tracts (T) subjected partially to a high stand system tract (H). This is supported by the

low content of average inertinite in most of the studied units (0.225 wt%), whereas the average sapropelic

maceral is of 4.6 wt%. these deposits grading upwardly into high stand system tracts (H), as in case of Kharita

Formation, which is mainly deposited at a stage of sea regression. This is supported by the average organic

carbon, which is characterized by higher average weights of inertinite and the lower values of HI in the studied

samples, sometimes it graded upwardly into low transgressive stage, as shown in fig. (13).

The Upper Cretaceous rock units started by Bahariya Formation at the base, which represent, weak

transgressive system tracts grading to stronger transgression in Abu Roash “G” Member, followed by partially

weak transgression in Abu Roash “F” Member, passing through  A/R “ E and A” Members and reached to

the maximum transgression stage during the deposition of Khoman Formation. Eventually, the Apollonia

Formation is considered a medium transgressive system tract, as shown in Fig. (13)

Hydrocarbon Products:

The hydrocarbon products are mainly based on the nature of organic matter and the amount of its main

constituents, such as sapropelic macerals (marine or terrestrial) which are oil-prone, vitrinite (gas-prone) and

inertinite (dead organic carbon) and their thermal maturation. As previously mentioned, this method can help

us to detect the dead organic carbon and so the live organic carbon can be identified and the live hydrogen

index, which can help to more accurate detection of the nature of the present organic matter and so to reach

more correct hydrocarbon products.

Peters et al, (2000) constructed a geochemical model to identify the nature of the hydrocarbon products

from different sequence stratigraphic system tracts. The highstand system tract (H) is characterized by waxy

crude oil associated with gases, the low-stand system tract (L) produces less waxy crude oil, whereas the

transgressive system tracts (T) that reached the maximum flooding produce non-waxy crude oil.

At first, the Lower Cretaceous rock units, both Alam El-Bueib and Kharita Formations have average live

organic matter of higher terrestrial sapropelic maceral in some samples associated with higher content of
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inertinite in other samples, most of them have low average HI; while the average live organic carbon of

Kharita Formation is mainly composed of sapropelic maceral of variegated hydrogen index, which reflects the

presence of terrestrial and marine sapropelic macerals and has low GORP. So, the hydrocarbon products of

the Lower Cretaceous rocks have the ability to produce both heavy waxy crude oil and partially light one with

few gases in these rock units.

Fig. 13: Plot of S2 versus TOC for detecting the depositional environments (high stand and transgressive

system tracts) of the studied rock units, Badr El-Din area, north Western Desert. Egypt. (after

Robison and Engel, 1993)



Aust. J. Basic & Appl. Sci., 3(4): 4675-4692, 2009

4690

The Upper Cretaceous rock units, in which Bahariya Formation is considered to produce a considerable

amount of gases, with some light oil and heavy (waxy crude- oil). As predicted from the GORP (1.0 and .46)

and the average live type II organic matter, which is absent in one group and less than vitrinite in the other

one, they are supported from hydrogen index values. Abu Roash Formation is represented in this study by four

members from base to top, Abu Roash “G”, is characterized by organic matter of high gas- prone of (0.9 and

0.92) GORP with some marine sapropelic macerals of oil-prone due to the HI index. This grades upward to

high marine organic matter of oil-prone organic matter in Abu Roash “F” Member with some gases, as

reflected from the GORP of 0.4 and higher average HI. This is followed to more gaseous organic matter in

Abu Roash “E” of higher vitrinite content in conspicuous with sapropelic macerals and from lower HI, which

reflects terrestrial organic matter of waxy crude oil. Eventually, the Abu Roash “A” Member produces a

mixture of less waxy crude oil and gases, as supported from HI of ( 260 and 873) and GORP of (0.17 and

0.59), respectively. Generally, Abu Roash “F” Member is the main oil source in Abu Roash Formation,

followed by A/R “G” Member which produces gases and oil, followed by A\R “E” and “A” Members. Finally,

the Khoman Formation is characterized by organic matter  able to produce minor  light hydrocarbons, heavy

crude oil and condensate, as indicated from the presence of vitrinite in BED 9-1 well, which is only gas-prone

source. 

Eventually, the Apollonia Formation is characterized by the presence of the two types of sapropelic

macerals (both marine and terrestrial). This is indicated from the variation of HI associated with vitrinite, so

the hydrocarbon products are waxy and partially light crude oil with some gases.

Summary and Conclusions:

The studied rock units in Badr El-Dein concession represent varying ages, from Early Cretaceous to

Paleocene. They present at different depths and maturation stages. The average contents of live organic matter

present are characterized by varying ratios of organic end Members and so different hydrogen indeces. These

contents and compositions are based on the depositional environments and diagenetic processes and so they

have varying hydrocarbon products ranging between highly waxy crude oil to gaseous and condensated

hydrocarbons and sometimes passing through low waxy hydrocarbons.

The Lower Cretaceous rock units as the Alam El-Bueib Formation has average organic content ranged

from poor to excellent source, in which the sapropelic terrestrial maceral is the main constituent in the

excellent source, whereas inertinite is the main in the poor sources,-. So the hydrocarbon products in this rock

unit are mainly highly waxy crude oil with few gases, produced from organic matter deposited in transgressive

deltaic environment. Graded upwardly in Kharita Formation of good source sandwiched between fair to very

good source, in which live terrestrial sapropelic macerals represent huge constituents, as a result vitrinite is

absent in most of the studied samples, while the inertinite is present in valuable quantities. The produced

hydrocarbons are mainly of condensated hydrocarbons with waxy crude oil, in which the gaseous content is

very low

The Upper Cretaceous rock units as the Bahariya Formation represent fair source, in which the organic

matter is characterized by the presence of the three end Members of organic macerals in variable quantities,

so the different types of hydrocarbons are produced in less waxy crude oil with gases. These types of organic

matter are deposited and preserved under low degree of transgressive stage. This graded upwardly to Abu

Roash Formation, in which live organic carbon are grading from good (A/R “G” Member) to fair source in

Abu Roash “F, E and A” Members. The marine sapropelic macerals reached the maximum content in Abu

Roash “F” Member unite, the terrestrial sapropelic macerals increase again in the upper members, so these

sources are characterized by the generation of different types of hydrocarbons. As a result, the less waxy crude

oil is produced from Abu Roash “F” Member with some gases, whereas the other members have greater ability

to produce gases and waxy crude oil. The present organic matters are deposited under variable transgressive

stages. Finally, Khoman Formation is present at different depths and maturation stages, with live sedimentary

organic matter of variable quantities from poor, to fair to excellent. This contains different organic end

members, except one group, in which the sapropelic macerals are absent in BED-19 well, so gas is the main

product in this part of the well, associated with waxy to less waxy crude oil. The environment of deposition

of this rock unit reached the maximum transgressive stage. 

Eventually, Apollonia Formation is a good live source rock, in which sapropelic marine and terrestrial

macerals are the main components that produce oil of different waxes, associated with some gases produced

from the vitrinite present in a group of samples. These sedimentary organic matters are deposited through a

transgressive stage lower than that of Khoman Formation.
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In general, the hydrocarbons  produced from the sedimentary organic matter present in the different studied

rock units are mainly of waxy crude oils, associated with less waxy ones, accompanied with gases and some

condensate hydrocarbons.
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