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Abstract: Source rock potentiality, maturity and depositional environments of seven rock units, including

from the top to the base, Thebes, Esna, Sudr, Brown Limestone, Matulla, Wata, Abu Qada and Raha

Formations in WFA-1 and GS 197-2 wells at the central part of the Gulf of Suez, as based on rock eval

pyrolysis data. The Gulf of Suez involves the most important oil fields in Egypt. In this study, an attempt

has been made to evaluate the possibility of Upper Cretaceous, Paleocene and Eocene as source materials

for oil and gas generation. One hundred and three samples were collected from the former formations and

have been analysed using Rock- Eval pyrolysis. It has been observed that, the total organic matter content

(TOC) of Thebes, Sudr and Brown Limestone varies mainly between good and very good and reached

to excellent source for Thebes Formation that has values ranged between 1.16 and 4.05wt%, and between

1.76 and 2.86 wt% for Brown Limestone, and between 0.61 and 3.17 wt% for Sudr Formation. The

determination of the average inert, and oil and gas prone kerogen, reflected that Brown Limestone, Sudr

and Thebes rock units have the lowest percent of average inert kerogen not be more than 30%, whereas

the other ones have high average inert kerogen reached to more than 55%, especially in Matulla

Formation. The hydrogen index of the studied samples ranges from 290 to 609mg Hc/g Corg and contain

mainly type II kerogen and occasionally type I kerogen for Thebes Formation and between 411 and 580

and, between 149.5 and 535 for Brown Limestone and Sudr rock units respectively. While the other rock

units have lower hydrogen indices, these reflect the increase of vitrinite or inertnite macerals content. The

Tmax versus production index diagram reflects that, the maturity regime of kerogen falls within the oil-

generation window. Hydrogen index versus Tmax plot reflect also that, the mixed type II/III kerogens are

occurred in the zone of 20% to 100% of type II kerogen. The higher hydrogen indices reflect increasing

the amount of lipid-rich material in the marine carbonate rock units, either from cutinite, resinite and

exinite (terrestrial macerals) or from marine algal materials. Type II kerogen is mainly of oil prone and

that of type III is mainly gas-prone and tends to be marginally mature to mature with main oil-generation

potential. The studied rock units are deposited under shallow marine slow transgressive stage and reached

to high transgressive stage during the deposition of Brown Limestone and Sudr Formations (most Upper

Cretaceous) and the second one during the deposition of Thebes Formation (Lower Eocene).
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INTRODUCTION

The Gulf of Suez in Egypt has a north northwest-

south southeast orientation and is located at the junction 

of the African and Arabian plates, where it separates 

the northeast African continent from the Sinai 

Peninsula. It has excellent hydrocarbon potential, with 

the prospective sedimentary basin area measuring

approximately 19,000 km , and it is considered the 2

most prolific oil province rift basin in Africa and the 

Middle East. The Suez rift started between 24 and 21

Ma, or the latest Oligocene to the earliest Miocene .[1]

Rifting was caused by tensional stresses transmitted

through the lithosphere, in addition to an upwelling of

hot asthenosphere. In other words, the Gulf of Suez

rifting was passive . Both the crustal extension and[2]

tectonic subsidence of the axial trough reached their

maximum between 19 and 15 Ma . However, between[3]

20 and 17 Ma, the flanks of this basin began to be

lifted up due to heating effect . By 15 Ma, the[4]

movement along the Aqaba-Jordan rift (or transform

fault) had begun . By 5 Ma, this transform fault[5]

replaced the Gulf of Suez, as the primary plate

boundary between the African and Arabian plates .[1]

The geometry of the fault system in the basin

indicates that, the area is in an extensional setting, and

the Gulf of Suez can be considered as a failed rift.

Generally, the Gulf of Suez is subdivided into three
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tectonic provinces, that are separated by two

accommodation or hinge zones, Zaafarana in the north

and Morgan in the south (Fig.1). These fault blocks

provide a major series of oil-bearing structures, and are

recognized as being important to deposition and

structure . The central tectonic province is[6]

characterized by NE dip, while the northern and

southern provinces are characterized by SW dip, as

described by . [7,8,9]

Lithostratigraphic Units in the Gulf of Suez: They

can be subdivided into three megasequences: a prerift 

succession which is mainly considered in this study

(pre-Oigocene or Paleozoic-Eocene), a syn-rift 

succession (Oligocene-M iocene), and a post-rift 

succession (post-Miocene or Pliocene-Holocene). These 

units vary in lithology, thickness, areal distribution,

d e p o si t io n a l  e n v i r o n m e n t  a n d  h yd r o c a r b o n

importance . Geological and geophysical data show[10]  

that, the northern and central parts of the Gulf of Suez 

consist of several narrow and elongated depositional

troughs, whereas the southern part is dominated by a 

tilt-block terrane, containing numerous offset linear 

highs. Major pre-rift and syn-rift source rocks have 

potential to yield oil and/or gas and are mature enough 

in the deep kitchens to generate hydrocarbons. The 

major oil-prone source rock in the Gulf of Suez is the

pre-rift, Upper Cretaceous (Senonian) marine Sudr

Formation, particularly the Campanian Brown

Limestone/Duwi Member, a uniform, organic-rich,

uraniferous limestone . Late Cretaceous seas may[11]

have transgressed as far south as Central Sudan and

Central Saudi Arabia . The stratigraphic[12,13,14]

succession and depth to basement vary from one

structural high to another and also vary within the

same high. These highs are dissected by major cross-

gulf trending faults, named as cross faults . The pre-[8]

rift rock units identified in the Gulf of Suez are

represented in Figure (2) as the following:

Cenomanian-Lower Senonian Succession: This

Cretaceous clastic sequence consists of four formations,

from base to top: Raha (Cenomanian), Abu Qada

(Cenomanian), Wata (Turonian) and Matulla (lower

Senonian). In the outcrops, these formations are

considered as one unit (known as the Cretaceous

clastics), which lies unconformably over the Nubia

sandstone (Fig.2). In the subsurface, it is easy to

identify the Matulla Formation; however, the three

other formations are difficult to differentiate, due to the

interfingering of different facies and lack of diagnostic

fossils. The Raha, Abu Qada and Matulla Formations

consist mainly of sandstone, shale and carbonate

interbeds   while   the   Wata   Formation   consists

predominantly of carbonates with thin interbeds of

shale. These formations were deposited in a marine,

inner sub-littoral to littoral setting . Raha Formation[15]

is composed mainly of shales and sandstones

intercalating and grading upward into carbonate

deposited in a well oxygenated normal saline,

intertidal/shallow subtidal marine conditions, with

alternation of low energy and poorly oxygenated

conditions, with high circulation of well oxygenated

conditions of warm, shallow and clear water of normal

salinity , and sometimes interpreted as shore-face and[16]

shallow shelf lime- mudstones and glauconitic shelf

sands , indicating periodic, shallow and open marine[17]

conditions. The dominance of herbivorous gastropods

refers to the presence of algae and sea grasses in the

biotope . Moreover, the presence of herringbone cross[18]

bedding and the rarity of fossils in the Upper

Cenomanian sand at Wadi Feiran points to intertidal

conditions. Abu Qada Formation had been deposited

under subtidal marine conditions with open

circulation . The basal beds of the Turonian (upper[19]

parts of the Abu Qada Formation) refer to open marine

deep subtidal conditions. Wata Formation represents

deposition from an intertidal to shallow subtidal

environment in moderately to high energy and very

shallow marine conditions in a depth ranging from 10

to 15m . However, the presence of nektoplankton[19,20]

ammonite suggests that, these shallow water conditions

merged locally into the open marine low energy

foreslopes. 

Coniacian-Santonian Matulla Formation: This was

deposited under shallower inner neritic marine

environment. A sudden change in the faunal content

from very poor in the Coniacian-Santonian, to rich

open-marine in the Campanian-Maastrichtian is clearly

observed. The Upper Senonian interval is characterized

by sediments deposited from middle to outer neritic

environments . [21]

Campanian-Maastrichtian Succession: These are the

youngest Cretaceous sedimentary rocks in the

stratigraphic section. They consist of two formations,

the Brown Limestone (Early Campanian) and Sudr

Chalk (Late Campanian to Maastrichtian). These rocks

consist predominantly of limestone with interbeds of

highly calcareous shale. The lower part of the

succession (Brown Limestone) contains a pale brown

chert, while the upper part (Sudr Formation) is more

argillaceous. The Brown Limestone Formation

conformably overlies the Matulla Formation. These

sedimentary rocks were deposited in a marine and

sublittoral setting. The M aastrichtian chalk is

characterized by deposition in warm stratigraphic

intervals and at deeper water . [22,23]
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Fig. 1: Location map of the studied wells at the central province of the Gulf of Suez.

Paleocene Succession: The section, known as the Esna

Formation, consists of soft, fossiliferous shale and

conformably overlies the Sudr Chalk of the Cretaceous

Carbonate Group. The Esna Formation was deposited

in a marine and outer sublittoral to upper bathyal

setting.

Eocene Succession: The Thebes Formation represents

the Eocene sediments, it consists mainly of limestone

with very thin streaks of shale and conformably

overlies the Esna Shale. It was deposited in a marine

outer sublittoral setting.

Geologic History: The ongoing rise of the Cenomanian

sea level, which corresponds to a Tethyan-wide

highstand, is documented in the studied areas (Central

Sinai and Gulf of Suez) by the occurrence of an

oyster-bearing  siliciclastic  and carbonate succession
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Fig. 2: Lithostratigraphy and hydrocarbon distribution in the Gulf of Suez (modified alter Schlumberger, 1995).

directly overlying the fluviatile to fluvio-marine

sandstones of the Lower Cretaceous Malha Formation.

According to Said , the resulting transgression had[24]

advanced southwards to form a narrow passage way

between the Arabo Nubian massif and the elevated

Kufra Basin in Eastern Libya. Sedimentation was

controlled by the pre-existing relief and syn-

sedimentary tectonic movements and the resulting

eustatic sea level changes. The areas of Central Sinai

are accepted to include the Gulf of Suez facies types

and their rock unit nomenclatures (i.e. Raha, Abu Qada

and Wata Formations). North Sinai folded region

(Syrian Arc belt) is represented by special regime of

sedimentation, with noticeable radical facies and

thickness changes, specially for the Cenomanian Halal

Formation . Some important events, that took place[25]

during the Cenomanian Turonian time, are summarized

below.
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1-Early to Middle Cenomanian Event: The first

progressive sea level rise, that took place in the Early

Cenomanian, is represented here by predominance of

siliciclastic microfacies (glauconitic and calcareous

quartz arenite with calcareous shale) in the basal beds

of the Raha Formation. Followed by more effective

transgression during Middle Cenomanian, as detected

from the increase of carbonate facies in the upper part

of Raha Formation. A short-lived drop in sea level was

detected during the M iddle/Late Cenomanian

boundary . [26]

2. Late Cenomanian-Early Turonian Event: In the

Gulf of Suez region, this interval represents the major

world-wide transgression which took place during the

Cenomanian-Turonian time. This transgression started

by deposition of the dark grey-green shale facies and

changed upwards into the carbonate of Abu Qada

Formation. The Lower Turonian carbonate facies

reflects the dominance of shallow open marine

conditions. The upper part of Abu Qada Formation

(late Early Turonian time) may represent the maximum

flooding event during the sea level rise .[25,27]

3. Middle to Late Turonian Event: During this time,

genuine marine conditions prevailed over a large part

of Egypt . In the Early Turonian, transgression[24]

continued to the Middle Turonian and represented by

carbonate facies of open marine environment. This

interval was followed by a slight sea level fall during

deposition of the upper part of Wata Formation. The

humble transgression in the Late Turonian was

followed by another shallow or even continental phase

during the Coniacian depositing cross bedded

sandstones of the basal beds of Matulla Formation.

These clastics are shore-face to fluvial deposits[28]

echoing the world-wide drop in sea level during the

Coniacian. Generally, the rise and fall of sea level in

the Gulf of Suez region during the Cenomanian-

Turonian time are in accordance with those of the

Egyptian eustatic sea levels suggested by  and other[24]

cratonic areas, as expressed in the eustatic curves of

Haq et al. . The integration between borehole[27]

temperatures  and  organic maturity measurements in

the eastern margin of the Gulf of Suez suggests that,

the rift-related heat flow increases systematically

subparallel to the rift axis, from about 60 mW/m2 in

Darag subbasin at the north to about 80 mW/m2 in

Ras Garra area at the south. The north to south

increase in heat flow probably reflects the southward

increase of extension, as well as lateral transfer of heat

flow from the Red Sea and mainly because of the

extensive variability in lithology and thermal

conductivity .[29]

Methodology and Analysis: The Rock-Eval pyrolysis

is a vital technique, which can be applied for the rapid

assessment of maturation and source characteristics of

all types of organic matter. To find out the source-rock

potential of the Upper Cretaceous, Paleocene and

Eocene rock units for oil and/or gas generation, Rock-

Eval pyrolysis analyses have been undertaken. The

lithologic characteristics of these formations are

summarized in Fig. (2). The Rock-Eval pyrolysis was

carried out for 103 selected core and ditch rock

samples using Rock-Eval-6 apparatus. A weighted

sample of 100 mg of crushed rock sample was placed

in the crucible, which was inserted into one of the

holders of the automatic sampler fitted to the pyrolysis

furnace at 300°C for 5 min in the presence of helium.

This was followed by programmed pyrolysis at

450–550°C in helium atmosphere. Allowing for the

oven to cool, each analysis requires about 30 min.

The parameters given by this apparatus are: (1)

Tmax: Temperature at which the maximum amount of

hydrocarbons are generated, which is a measure of the

maturity of organic matter. (2) TOC: Total organic

carbon (in wt%). (3) Hydrogen index (HI)[(100 ×

S2)/TOC]: Parameter used to characterize the origin of

t h e  o r g a n ic  m a te r ia l .  ( 4 )  O x y g e n  i n d e x

(OI)[(100×S3)/T OC]: Parameter that indirectly

correlates the ratio of oxygen to carbon. (5)

Productivity index (PI)[S1/(S1+S2)]: Characterizes the

evolution level of the organic matter. Source-rock

potential of the analyzed samples has been evaluated

on the basis of three characteristics, namely quantity,

quality and maturity of the organic matter. The results

of the samples with respect to these three

characteristics are presented in Tables 1and 2. A

commonly accepted minimum total organic carbon

(TOC) content for a potential source rock is 0.5%.

Rocks containing less than 0.5% TOC are considered

to have negligible hydrocarbon source potential.

Between 0.5 and 1.0% TOC indicates marginal and

more than 1% TOC often has substantial source

potential. 

TOC values between 1 and 2% are associated with

depositional environments intermediate between

oxidizing and reducing, where preservation of lipid-rich

organic matter with source potential for oil can occur.

TOC values above 2% often indicate highly reducing

environment with excellent source potential.

Interpretation of TOC values therefore does not simply

focus on the quantity of organic matter present. Many

rocks with high TOC values have little oil-source

potential, because the kerogen they contain may be

woody or highly oxidized. Further, TOC values are

used as screens to indicate which rocks are of no

interest (<0.5%), which might be of slight interest
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(between 0.5 and 1.0%) and which are definitely

worthy of further consideration (>1.0%) . Thus, high[30]

TOC values are a necessary, but not a sufficient

criterion for good source rocks. HI values and

hydrocarbon generation potential, i.e. S2 of Rock-Eval

pyrolysis are indicative of the quality of organic matter.

Rocks with S2 values more than 5 mg/g of rock are

considered to be good source rocks. The studied

samples have S2 greater than 5 mg/g. HI values below

150 mg Hc/g Corg indicate the absence of significant

amount of oil-generative lipid materials and confirm the

kerogen as mainly types III and IV. HI values above

150 mg Hc/g Corg reflect increasing amounts of lipid-

rich materials (cutinite, resinite and exinite) or marine

algal materials. The most popular method for the

characterization of organic matter in terms of kerogen

type is that of the modified Van Krevelen after[31]

diagram, i.e. the cross plot of HI vs OI has been used

for taking the maturity effects into account for the

evaluation of pyrolysis data.  demonstrated that,[32,33]

oxygen in kerogen is proportional to the liberated

carbon dioxide (S3), and hydrogen content is

proportional to the liberated hydrocarbons (S2) during

pyrolysis. 

RESULTS AND DISCUSSIONS

Organic Carbon Richness: Total organic carbon

(TOC) content is a useful parameter for evaluating the

amount of the organic material and the petroleum

generation potential of a source rock. The TOC less

than 0.5, 0.5–1, 1–2, 2–4, and greater than 4 wt.%

TOC can be categorized as poor, fair, good, very good,

and excellent quantities of organic matter .[31,34] [34]

pointed out that, TOC is not always a good indicator

of source rock potential because measurements may

include inert carbon, that has little or no generating

potential. They (Peters and Cassa, 1994) believed that,

the S2 measurement derived from pyrolysis analysis is

a better indicator of generative potential of source

rocks. The value S2, expressed as milligrams of

hydrocarbons per gram of rock, represents the fraction

of original kerogen in a source rock capable of

generating hydrocarbons that have not yet been

converted to oil and (or) gas . According to , rocks[35] [34]

with S2 values less than 2.5 have poor generative

potential, rocks with S2 values between 2.5 and 5 have

fair generative potential, rocks with S2 values ranging

from 5 to 10 have good generative potential, rocks

with S2 values from 10 to 20 are considered to have

very good generative potential, and rocks with S2

values greater than 20 have excellent generative

potential. 

For this study, tables (1 and 2) and Fig (3) show

that, the total organic carbon for all the analyzed

samples occurred in Thebes Formation (which are

present at different depths from 3109.8 to 3430m in

GS197-2 well and from 3716.5 to 3945.1m in WFA-1

well, except one sample in each well), reflects good to

very good source in WFA-1 well, and reached to

excellent category in GS197-2 well, their values are

ranged from 1.04 to 3.32 wt% and between 1.18 and

4.05 wt% for the two wells, respectively. Also, the

Brown Limestone in WAF-1 well and Sudr Formation

are considered good to very good source in the study

area. The other rock units as Esna, Matulla, Wata, Abu

Qada and Raha Formations are considered fair source,

and occasionally reached to good source. Other

parameters are also used to evaluate the hydrocarbon

generation capacity of a source rock as S1 and S2,

according to . For S1 evaluation, there is no greater[31,34]

change in the organic matter richness and hydrocarbon

potentiality for Thebes Formation, it is ranged from fair

to very good source in both wells, Brown Limestone

and in W FA-1 well and Sudr Formation in GS197-2

well are good source, as shown in Fig. (3B).This

reduction in source rock category is mainly related to

the presence of inertnite organic matter or it may be

related also to the maturation of organic matter,

especially in the deep intervals.

Whereas the other rock units are considered to be

ranged from mainly poor to occasionally fair source

(Fig. 3B). The same distribution of organic carbon

richness is shown, on the bases of S2 data, for the

studied rock units, as shown in Fig. (3C). The shallow

parts of Thebes Formation are characterized by high

organic matter content, ranging between good and very

good source rocks. At GS197-2 well S2 evaluation of

this formation, which is present in the deep part of

WFA-1 well Fig. (3C), reflects a wide range of the

source categories ranging from poor to very good. This

is mainly due to that, of the studied samples in GS197-

2 well have hydrogen indices not less than 441 and

reached to 506, but it shows low hydrogen index in

WFA-1 well. These values reflect also the presence of

more marine organic matter with algal mats in GS197-

2 well, as reflected from the depositional environments

of the source rock units. 

Determination of Average Inert and Oil & Gas

Prone Kerogen: The method described is to estimate

the gas or oil potential of an average value for a

source rock section or a sample suite. Consequently, all

Rock-Eval values are average or mean values for the

appropriate source rock sections. The method presented

is based on cross-plots of S2 versus TOC, as described

by , with regards the TOC to be a linear function[36,37]
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Table 1: Summarizes the different types of kerogen end members present in the studied rock units  

Formation name No. of samples TOC Average TOC inert TOC live HI live

Thebes 48 1.938 0.530 1.408 629.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Esna 5 0.806 0.370 0.436 435.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sudr 9 1.220 0.310 0.910 588.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Brown Limestone 6 2.082 0.830 1.252 795.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Matulla 15 0.875 0.450 0.425 638.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wata 12 0.612 0.310 0.302 380.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Raha & Abu Qada 8 0.606 0.230 0.376 355.0

Table 2: Rock eval pyrolysis data of the studied rock units in WFA-1 well.

Formation name Depth m TOC S1 S2 S3 TMAX QI (HI) (OI) PC (PI)  GP 
S2 / S3 S2 / TOC S3/TOC S1/(S1+S2) S1+S2

Thebes 3716.46 1.35 0.63 7.02 1.25 431 5.62 519.2 92.5 0.63 0.08 7.65
---------------------------------------------------------------------------------------------------------------------------------------------------------
3725.61 2.63 1.25 15.05 1.33 427 11.32 572.9 50.6 1.35 0.08 16.3
---------------------------------------------------------------------------------------------------------------------------------------------------------
3734.76 3.32 2.27 20.25 1.76 431 11.51 609.2 52.9 1.87 0.1 22.52
---------------------------------------------------------------------------------------------------------------------------------------------------------
3743.90 2.75 1.16 14.55 1.24 428 11.73 529.7 45.1 1.3 0.07 15.71
---------------------------------------------------------------------------------------------------------------------------------------------------------
3753.05 2.54 1.46 15.33 1.37 433 11.19 603.5 53.9 1.39 0.09 16.79
---------------------------------------------------------------------------------------------------------------------------------------------------------
3762.20 2.48 1.27 13.55 1.42 435 9.54 545.9 57.2 1.23 0.09 14.82
---------------------------------------------------------------------------------------------------------------------------------------------------------
3771.34 2.55 1.34 13.16 1.61 435 8.17 516.5 63.2 1.2 0.09 14.5
---------------------------------------------------------------------------------------------------------------------------------------------------------
3780.49 2.08 1.33 9.79 1.3 435 7.53 470.4 62.5 0.92 0.12 11.12
---------------------------------------------------------------------------------------------------------------------------------------------------------
3789.63 1.77 2.14 7.81 1.54 437 5.07 440.7 86.9 0.82 0.22 9.95
---------------------------------------------------------------------------------------------------------------------------------------------------------
3798.78 1.96 1.21 7.98 1.28 435 6.23 406.7 65.2 0.76 0.13 9.19
---------------------------------------------------------------------------------------------------------------------------------------------------------
3807.93 1.79 1.16 8.33 1.35 436 6.17 465.4 75.4 0.79 0.12 9.49
---------------------------------------------------------------------------------------------------------------------------------------------------------
3817.07 1.44 0.92 4.64 1.31 434 3.54 323.3 91.3 0.46 0.17 5.56
---------------------------------------------------------------------------------------------------------------------------------------------------------
3826.22 1.25 0.9 4.25 1.03 439 4.13 339.5 82.3 0.42 0.18 5.15
---------------------------------------------------------------------------------------------------------------------------------------------------------
3835.37 1.16 2.69 3.93 1.07 431 3.67 337.9 92 0.55 0.41 6.62
---------------------------------------------------------------------------------------------------------------------------------------------------------
3844.51 1.24 1.48 4.09 1.13 438 3.62 329.6 91.1 0.46 0.27 5.57
---------------------------------------------------------------------------------------------------------------------------------------------------------
3853.66 1.16 0.77 3.83 0.84 433 4.56 329.3 72.2 0.38 0.17 4.6
---------------------------------------------------------------------------------------------------------------------------------------------------------
3862.80 1.2 0.64 4.15 1.05 437 3.95 346.1 87.6 0.39 0.13 4.79
---------------------------------------------------------------------------------------------------------------------------------------------------------
3871.95 1.15 0.93 3.84 0.83 435 4.63 334.8 72.4 0.2 0.2 4.77
---------------------------------------------------------------------------------------------------------------------------------------------------------
3881.10 0.97 0.81 2.82 1.1 437 2.56 292.2 114 0.22 0.22 3.63
---------------------------------------------------------------------------------------------------------------------------------------------------------
3890.24 1.04 1.03 2.94 0.94 435 3.13 282.1 90 0.26 0.26 3.97
---------------------------------------------------------------------------------------------------------------------------------------------------------
3899.39 1.18 1.17 3.46 1.12 432 3.09 294 95.2 0.25 0.25 4.63
---------------------------------------------------------------------------------------------------------------------------------------------------------
3908.54 1.47 1.24 4.78 0.98 433 4.88 324.7 66.6 0.21 0.21 6.02
---------------------------------------------------------------------------------------------------------------------------------------------------------
3917.68 1.51 0.91 5.59 1.13 437 4.95 370.9 75 0.14 0.14 6.5
---------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2: Continue

3926.83 1.88 0.96 7.48 0.85 437 8.80 398.1 45.2 0.11 0.11 8.44
---------------------------------------------------------------------------------------------------------------------------------------------------------
3935.98 1.88 0.89 9.48 1.34 432 7.07 503.5 71.2 0.09 0.09 10.37
---------------------------------------------------------------------------------------------------------------------------------------------------------
3945.12 1.06 0.76 4.15 0.87 433 4.77 390 81.8 0.16 0.16 4.91

Esna 3954.27 0.81 0.28 1.9 1.01 437 1.88 235.4 125.2 0.13 0.13 2.18
---------------------------------------------------------------------------------------------------------------------------------------------------------
3963.41 0.81 0.19 1.82 0.53 438 3.43 224.4 65.4 0.09 0.09 2.01
---------------------------------------------------------------------------------------------------------------------------------------------------------
3972.56 0.49 0.09 0.5 0.89 434 0.56 101.6 180.9 0.16 0.16 0.59

Sudr 3990.85 0.43 0.1 0.42 0.92 426 0.46 96.8 212 0.19 0.19 0.52
---------------------------------------------------------------------------------------------------------------------------------------------------------
4009.15 0.41 0.23 0.7 0.74 433 0.95 171.6 181.4 0.25 0.25 0.93
---------------------------------------------------------------------------------------------------------------------------------------------------------
4045.73 0.41 0.38 0.89 0.85 426 1.05 216 206.3 0.3 0.3 1.27
---------------------------------------------------------------------------------------------------------------------------------------------------------
4054.88 0.64 1.22 2.08 0.96 434 2.17 324 149.5 0.37 0.37 3.3

Brown limestone 4064.02 2.03 1.37 11.78 1.18 432 9.98 580 58.1 0.1 0.1 13.15
---------------------------------------------------------------------------------------------------------------------------------------------------------
4073.17 2.86 1.4 15.22 1.19 439 12.79 531.4 41.6 0.08 0.08 16.62
---------------------------------------------------------------------------------------------------------------------------------------------------------
4082.32 2.13 1.29 8.77 1.04 439 8.43 411 48.7 0.13 0.13 10.06
---------------------------------------------------------------------------------------------------------------------------------------------------------
4091.46 1.82 0.95 7.58 0.88 435 8.61 417.5 48.4 0.11 0.11 8.53
---------------------------------------------------------------------------------------------------------------------------------------------------------
4100.61 1.89 0.76 8.34 0.82 436 10.17 441.5 43.4 0.08 0.08 9.1
---------------------------------------------------------------------------------------------------------------------------------------------------------
4109.76 1.76 0.86 8.07 0.78 435 10.35 458.5 44.3 0.1 0.1 8.93

Matulla 4118.90 0.99 0.59 2.81 0.65 437 4.32 283 65.5 0.17 0.17 3.4
---------------------------------------------------------------------------------------------------------------------------------------------------------
4137.20 1.06 0.64 1.8 0.69 434 2.61 169.7 65 0.26 0.26 2.44
---------------------------------------------------------------------------------------------------------------------------------------------------------
4155.49 0.75 0.13 0.98 0.33 435 2.97 130.5 43.9 0.12 0.12 1.11
---------------------------------------------------------------------------------------------------------------------------------------------------------
4173.78 0.77 0.17 1.3 0.42 438 3.10 169.7 54.8 0.12 0.12 1.47
---------------------------------------------------------------------------------------------------------------------------------------------------------
4192.07 0.54 0.17 0.89 0.38 436 2.34 163.6 69.9 0.16 0.16 1.06
---------------------------------------------------------------------------------------------------------------------------------------------------------
4210.37 0.38 0.05 0.21 0.13 441 1.62 54.8 33.9 0.19 0.19 0.26
---------------------------------------------------------------------------------------------------------------------------------------------------------
4228.66 0.56 0.15 0.57 0.35 444 1.63 101.8 62.5 0.21 0.21 0.72

Wata 4246.95 0.34 0.05 0.26 0.22 440 1.18 76.2 64.5 0.17 0.17 0.31
---------------------------------------------------------------------------------------------------------------------------------------------------------
4265.24 0.38 0.07 0.48 0.14 443 3.43 125 36.5 0.04 0.13 0.55
---------------------------------------------------------------------------------------------------------------------------------------------------------
4283.54 0.42 0.1 0.5 0.37 440 1.35 119.3 88.3 0.05 0.17 0.6
---------------------------------------------------------------------------------------------------------------------------------------------------------
4301.83 0.63 0.08 0.79 0.23 444 3.43 126.4 36.8 0.07 0.09 0.87
---------------------------------------------------------------------------------------------------------------------------------------------------------
4320.12 0.42 0.08 0.48 0.34 435 1.41 114.8 81.3 0.04 0.14 0.56
---------------------------------------------------------------------------------------------------------------------------------------------------------
4338.41 0.49 0.13 0.62 0.32 436 1.94 127.6 65.8 0.06 0.18 0.75

Raha 4356.71 0.66 0.24 1.33 0.41 434 3.24 201.2 62 0.13 0.15 1.57
---------------------------------------------------------------------------------------------------------------------------------------------------------
4375.00 0.42 0.14 0.49 0.27 435 1.81 115.6 63.7 0.05 0.23 0.63
---------------------------------------------------------------------------------------------------------------------------------------------------------
4393.29 0.34 0.07 0.47 0.29 436 1.62 139.1 85.8 0.04 0.13 0.54
---------------------------------------------------------------------------------------------------------------------------------------------------------
4411.59 0.33 0.06 0.34 0.14 435 2.43 103.7 42.7 0.03 0.15 0.4
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Fig. 3: Organic carbon richness of the studied rock units at W FA-1and GS197-2 wells based on different

parameters as TOC, S1 and S2.

of S2 with the HI as the slope of the curve. (It should

be noted that, the parameters derived from the method

are average values and not individual analytical values

or ratios of such). The HI derived from the regression

line in such cross-plots measures the average HI of the

organic material. The intersection of the regression line

with the TOC axis is a measure of the average, inert

organic carbon in the sample population . ,[38,39] [40]

considered kerogen consists of oil-prone and gas-prone

kerogen components, that can be assigned for fixed HI

values, and the relative proportions of these

constituents can be derived from the average HI found

by the regression line. These kerogen constituents with

the associated HI values are referred to as kerogen end

members. This method quantifies the average inert

organic carbon plus the two oil- and gas-prone end-

members in % wt or TOC units. The average

hydrocarbon potential with respect to the two

constituents can be deduced using the hydrogen index

definition described below. In the studied rock units,

the determined inert Kerogen is eliminated from the

studied samples by the overlay technique, as shown in

Fig. (4) and Table (1). 

They summarize that, the highly transgressive rock

units as the Thebes Formation, the lower part of Sudr

Formation at GS197-2 well and the Brown Limestone

Formation containing oil-prone kerogen with limited

quantity of gas-prone kerogen not exceed 30%. They

show high average hydrogen index live ranged from

629.1, 588.8 to 795.1 in Thebes, Sudr and Brown

Limestone Formations respectively. The high value of

HI live in Brown Limestone reflects also the presence

of only oil-prone kerogen end member (Fig. 4D) and

the increase of the average HI values and active TOC

contents in these rock units were the result of anoxic

depositional conditions, which act as a good

preservation environment. In case of Matulla

Formation, which represents an intermediate

transgressive stage and restricted shallow marine

environment of high live hydrogen index, this reflects

the presence lacustrine algae, which have high oil-prone

kerogen. Eventually, the other rock units as Raha, Abu

Qada, Wata and Esna Formations, which are deposited

in slow transgressive stage and characterized also by

the occurrence of high percentage of inert kerogen end

members in relation to the live kerogen, that contain

high quantity of gas-prone end members reached to

80% or more, as shown in figure (4 B, E, G). 

Types of Organic Matter: Different parameters and

relationships are used to define the types of organic

matter occur in the source rocks. A hydrogen index

versus Tmax diagram is used to illustrate the kerogen

type (Fig. 5A). Source rock samples

Fig. (5) Types of organic matter occurred in the

studied rock units and their percentages at WFA-1and

GS 197-2 wells from most of the studied rock units are

mainly of type II, mixed type II/III and occasionally

type III present in Esna, Sudr, Wata and Matulla

Formations and two samples only are from type I. The

Plots of Rock-Eval pyrolysis S2 versus TOC (Fig. 5B)

are useful to compare the petroleum-generative

potential of source rocks .[37]

The Rock Eval S2 peak represents hydrocarbons

that can be generated by pyrolytic degradation of the

organic matter in rock samples (mg HC/g rock; . The[31]

slopes of lines radiating from the origin in the figure

are directly related to hydrogen index (100 x S2/TOC,

mg HC/g TOC). Hydrogen index values of greater than

600, 300–600, 200–300, 50– 200, and less than 50 mg
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Fig. 4: Method application on a cored section of the Upper Cretaceous  (Raha, Abu Qada, Wata, Matulla, Brown

Limestone and Sudr Formations, Paleocene (Esna Fm) and Early Eocene (Thebes Fm.). (a) Plot of S2 and

TOC data  (Tables 1&2) in standard plot axis format. (b) Overlay superimposed on plot to read the

kerogen mixture (m and n). (after )(40)

HC/g TOC distinguish organic matter types I (very oil

prone), II (oil prone), II/III (oil and gas prone), III

(gas prone), and IV (inert), respectively. The present

data are from marginally mature or thermally mature

samples (Figure 5A&C; Tables 2&3) were selected for

Fig. (5), thus ensuring that neither TOC nor S2 was

significantly reduced, because of petroleum generation

prior to analysis.

Figure (5B) summarize, that, the quantity (TOC

and Rock- Eval pyrolysis S2) and quality (hydrogen

index) of organic matter in the Thebes, Sudr, Brown

Limestone and Matulla Formations commonly exceed

that of the other three source rocks. One sample from

Thebes Formation contain, more TOC (>4 wt.%) than

the other three source rocks, and many of these organic

rich samples contain few samples of very oil-prone

type I and most of them are of oil-prone type II

organic matter (hydrogen index > 600 and 300–600 mg

HC/g TOC, respectively), that is also may be of sulfur

rich. The presence of type I kerogen composition of

Thebes interval (Fig. 5 A & B) indicates, however,

freshwater to slightly brackish lacustrine depositional

conditions in contrast to the marine and paralic

conditions, that characterized the regional depositional

environment of the formation. Samples representing the

other three source rocks in the figure have less

petroleum-generative potential than those from the

Thebes,    Sudr,   Brown   Limestone  and  Matulla
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Fig. 5: Types of organic matter occurred in the studied rock units and their percentages at WFA-1and GS 197-2

wells.

Formations (at GS197-2 well), because of their

generally lower TOC and hydrogen index, but most of

them still contain significant amounts of oil-prone type

II or oil- and gas-prone type II/III organic matter.

Specifically, the percentage of the type II kerogen in

the mixed type II/III organic matter is detected from

the plot of hydrogen index versus Tmax Fig. (5C). It

summarizes that, Thebes, Sudr and Brown Limestone

rock units are characterized by high content of type II

kerogen (oil prone kerogen) ranged between 40 and

100 %, which reflects the presence of high oil-prone

organic matter in combination with oil and gas prone

one, while the other rock units have high values of

type III with some contents of type II reached up to

25%. 

Hydrocarbon Type Index (QI): As summarized by

Hunt (1996), the hydrocarbon type index (QI) is the
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ratio of (S2/S3). It is <2 for gas- prone organic matter

and >5 for oil-prone. The results of the analyzed

samples from the studied rock units (Tables 2 and 3)

reflected that, most of the organic matter occur in

Thebes Formation, some parts of Sudr Formation,

upper part of Matulla Formation at GS197-2 well, and

Brown Limestone Fm. have QI ratio more than 5

reflecting oil-prone organic matter. While the other

parts of these rock units are in the range between 5

and 2. While Raha, Abu Qada, Wata and some

intervals from Matulla Formations contain gas-prone

organic matter of ratio <2, in association with some

intervals in the range between 2 and 5, as shown in

Tables 2 and 3. These results indicated that, most

intervals of Thebes, Sudr and Brown Limestone

Formations are the main source in the study area.

Thermal Maturation: Pyrolysis temperature Tmax

(°C) is an index of maturity, because as maturity of

kerogen increases, the temperature at which the

maximum rate of pyrolysis occurs also increases.

Further,  has suggested that, PI and Tmax values less[31]

than about 0.08 and <430°C, respectively, indicate

immature organic matter, whereas Tmax greater than

470°C points to the wet gas zone. In the studied

samples, the PI value ranges between 0.08 and 0.26

and Tmax value ranges from 426°C to 444°C Tables

(3and4). The diagram of HI versus Tmax, after

Espitalie et al. (1977), is shown in figure 5A. It

reflects that, all the source beds in the studied rock

units lie in the mature zone, except some samples from

Thebes and Sudr Formations are present in the

marginally maturation stage. Figure (6) is the crossplot

of production index (PI) versus Tmax is used to assess

also thermal maturity in the study area. Each unit is

represented individually in Fig. 6, because variations in

kerogen type affect the Tmax values . The overall[31]

maturity trend in the study area shows that the maturity

of the most of the source beds in the studied rock units

are mainly present in the oil window stage, except few

samples from Thebes Formation at GS197-2 well,

which are present at shallower depths than these occur

in WFA-1 well and also two samples from Sudr

Formation at the same well are present in the

marginally mature stage.

Generation Potential: The generation potential of a

source rock is identified by using the results of

pyrolysis analysis, is the genetic potential (GP), which

is the sum of the values S1 and S2 . The value S1,[35,41]

like S2, is expressed as milligrams of hydrocarbons per

gram of rock and represents the fraction of original

kerogen in the source rock, that has been converted to

hydrocarbons . According to , source rocks with a[35] [41]

GP <2, from 2-5, 5-10 and >10 are considered to have

poor, fair, good and very good generative potential,

respectively. We used the relationship between

summation of (S1+S2) and TOC after to define the[43] 

generation potential of the studied rock units. The GP

of the Upper Cretaceous clastics rock units (Raha, Abu

Qada, Wata and Matulla Formations) are considered

poor to fair generative source rock, as defined by[41,43]

and as presented in tables 1 &2 and figure 7. Using

the parameters described by , the GP is good to[41,43]

very good for the Brown Limestone, good to excellent

for the Thebes Formation, poor to very good for the

Sudr Formation. It is further emphasized that, parts of

the Sudr Formation have poor to very good petroleum

generation potential and source-rock potential this high

variation in generation potentials, depending on the

interaction between a number of geological processes

during their formation, especially these attributed to the

change in depositional conditions through their

formation, is mainly related to sea level fluctuations,

which in turn affect the preservation of organic matter.

Depositional Environment: The plot in Fig. 8 is made

from the results taken from the paper by , they[44]

analysed a transgressive organic rich section of Late

Cretaceous age in Egypt. They had subdivided the

section into sequence stratigraphic units of transgressive

(T) and high stand (H) system tracts. The plot (Fig. 8)

shows very clearly how the transgressive system tracts

form smooth low angle (larger amount of oil-prone

organic carbon) close to linear trends, whilst the high

stand system tracts change towards a steeper angle

(more gas-prone material) with a more chaotic pattern.

The transgressive system tracts occur when the sea

level is rising and the basin becomes more and more

flooded with less influx from terrestrial and reworked

(inert) organic material. During the high stand system

tract, the sea level drops and more and more

terrestrially derived and reworked organic material

(with lower HI values) are coming into the basin. 

This is one case, where the pattern in a S2 versus

TOC plot can be explained by the sedimentology of

the section. Figure 8 summarizes the depositional

environment of the studied rock units from the base to

the top as the following: both Raha and Abu Qada

Formation represent short stage of the Tethys sea

transgression followed by a calm slow transgression

during the deposition of Wata Formation, which is

supported by low average HI in this rock unit. The

Tethys sea transgression becomes more faster for the

period of deposition of Wata Formation than the

underlying rock units. The Late Cretaceous rocks as

Brown Limestone and Sudr Formations are deposited

for  the period of highly transgressive stage and deep



J. Appl. Sci. Res., 6(5): 511-528, 2010

523

Table 3: Rock eval pyrolysis data of the studied rock units in GS 197-2 well.

Formation Name Depth m T0C S1 S2 S3 Tmax S2/S3 (HI) (OI ) PC/ (PI) S1+S2
%wt mg/g mg/g mg/g S2/TOC S3/Toc TOC S1/(S1+S2)

Thebes 3109.76 0.85 0.26 1.68 1.68 432 1.000 198 198 19 0.13 1.94
---------------------------------------------------------------------------------------------------------------------------------------------------------
3125.00 1.41 0.87 6.77 1.14 425 5.939 480 81 45 0.11 7.64
---------------------------------------------------------------------------------------------------------------------------------------------------------
3140.24 1.18 0.62 5.27 1.02 428 5.167 447 86 41 0.11 5.89
---------------------------------------------------------------------------------------------------------------------------------------------------------
3155.49 1.21 0.76 5.62 1.53 428 3.673 464 126 44 0.12 6.38
---------------------------------------------------------------------------------------------------------------------------------------------------------
3170.73 1.9 0.71 7.93 1.16 432 6.836 417 61 38 0.08 8.64
---------------------------------------------------------------------------------------------------------------------------------------------------------
3185.98 3.31 1.72 15.48 2.01 423 7.701 468 61 43 0.1 17.2
---------------------------------------------------------------------------------------------------------------------------------------------------------
3201.22 2.48 0.77 10.93 1.82 424 6.005 441 73 39 0.07 11.7
---------------------------------------------------------------------------------------------------------------------------------------------------------
3216.46 3.73 1.88 18.86 1.4 425 13.471 506 38 46 0.09 20.74
---------------------------------------------------------------------------------------------------------------------------------------------------------
3231.71 4.05 2.34 21.22 1.3 427 16.323 524 32 48 0.1 23.56
---------------------------------------------------------------------------------------------------------------------------------------------------------
3246.95 3.35 1.55 16.16 1.03 431 15.689 482 31 44 0.09 17.71
---------------------------------------------------------------------------------------------------------------------------------------------------------
3262.20 2.5 1.7 11.99 1.44 428 8.326 480 58 45 0.12 13.69
---------------------------------------------------------------------------------------------------------------------------------------------------------
3277.44 2.86 1.87 14.52 1.21 429 12.000 508 42 48 0.11 16.39
---------------------------------------------------------------------------------------------------------------------------------------------------------
3292.68 2.62 2.22 12.04 0.99 432 12.162 460 38 45 0.16 14.26
---------------------------------------------------------------------------------------------------------------------------------------------------------
3307.93 1.93 2.21 9.11 1.22 430 7.467 472 63 49 0.2 11.32
---------------------------------------------------------------------------------------------------------------------------------------------------------
3323.17 2.13 1.92 10.53 1.11 432 9.486 494 52 49 0.15 12.45
---------------------------------------------------------------------------------------------------------------------------------------------------------
3338.41 1.86 2.17 8.59 1.05 431 8.181 462 56 48 0.2 10.76
---------------------------------------------------------------------------------------------------------------------------------------------------------
3353.66 1.8 2.04 8.99 0.82 432 10.963 499 46 51 0.18 11.03
---------------------------------------------------------------------------------------------------------------------------------------------------------
3368.90 1.62 2.07 7.25 0.98 429 7.398 448 60 48 0.22 9.32
---------------------------------------------------------------------------------------------------------------------------------------------------------
3384.15 1.76 1.88 8.11 1.08 430 7.509 461 61 47 0.19 9.99
---------------------------------------------------------------------------------------------------------------------------------------------------------
3399.39 1.62 2.26 8.19 1.24 430 6.605 506 77 54 0.22 10.45
---------------------------------------------------------------------------------------------------------------------------------------------------------
3414.63 2.37 2.6 10.87 0.98 433 11.092 459 41 47 0.19 13.47
---------------------------------------------------------------------------------------------------------------------------------------------------------
3429.88 1.67 1.45 7.85 1.07 432 7.336 470 64 46 0.16 9.3

Esna 3445.12 0.77 0.36 2.54 1.22 433 2.082 330 158 31 0.12 2.9
---------------------------------------------------------------------------------------------------------------------------------------------------------
3460.37 1.15 0.31 2.86 1.63 428 1.755 249 142 23 0.1 3.17

Sudr 3475.61 0.61 0.15 1 2.34 434 0.427 164 384 16 0.13 1 . 1 5
---------------------------------------------------------------------------------------------------------------------------------------------------------
3490.85 0.44 0.2 0.94 0.96 430 0.979 214 218 22 0.18 1.14
---------------------------------------------------------------------------------------------------------------------------------------------------------
3551.83 3.17 1.86 16.04 1.46 430 10.986 506 46 47 0.1 1 7 . 9
---------------------------------------------------------------------------------------------------------------------------------------------------------
3567.07 2.25 1.41 12.18 0.82 435 14.854 541 36 50 0.1 13.59
---------------------------------------------------------------------------------------------------------------------------------------------------------
3582.32 2.62 1.64 14.03 0.69 438 20.333 535 26 50 0.1 15.67

Matulla 3597.56 2.42 1.5 12.4 0.76 435 16.316 512 31 48 0.11 13.9
---------------------------------------------------------------------------------------------------------------------------------------------------------
3612.80 1.07 0.48 3.77 0.62 432 6.081 352 58 33 0.11 4.25
---------------------------------------------------------------------------------------------------------------------------------------------------------
3628.05 0.97 0.3 3.55 0.57 435 6.228 366 59 33 0.08 3.85
---------------------------------------------------------------------------------------------------------------------------------------------------------
3643.29 0.83 0.31 2.57 0.68 435 3.779 310 82 29 0.11 2.88
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Table 3: Continue

3658.54 0.69 0.33 2.14 0.71 431 3.014 310 103 30 0.13 2.47
---------------------------------------------------------------------------------------------------------------------------------------------------------
3673.78 0.65 0.24 1.58 0.73 435 2.164 243 112 23 0.13 1.82
---------------------------------------------------------------------------------------------------------------------------------------------------------
3689.02 0.68 0.25 1.47 0.95 435 1.547 216 140 21 0.15 1.72
---------------------------------------------------------------------------------------------------------------------------------------------------------
3704.27 0.76 0.15 1.22 0.6 440 2.033 161 79 15 0.11 1.37

Wata 3719.51 0.86 0.25 2.22 0.87 437 2.552 258 101 24 0.1 2.47
---------------------------------------------------------------------------------------------------------------------------------------------------------
3734.76 0.79 0.21 1.57 0.95 436 1.653 199 120 19 0.12 1.78
---------------------------------------------------------------------------------------------------------------------------------------------------------
3750.00 0.64 0.23 1.73 0.93 437 1.860 270 145 25 0.12 1.96
---------------------------------------------------------------------------------------------------------------------------------------------------------
3765.24 0.88 0.44 2.12 1.41 436 1.504 241 160 24 0.17 2.56
---------------------------------------------------------------------------------------------------------------------------------------------------------
3780.49 0.83 0.21 1.79 0.87 439 2.057 216 105 20 0.11 2
---------------------------------------------------------------------------------------------------------------------------------------------------------
3795.73 0.66 0.18 1.52 0.66 438 2.303 230 100 21 0.11 1.7

Abu Qada 3810.98 1.12 0.7 2.92 1.46 435 2.000 261 130 27 0.19 3.62
---------------------------------------------------------------------------------------------------------------------------------------------------------
3826.22 0.74 0.27 2.12 0.59 437 3.593 286 80 27 0.11 2.39

Raha 3856.71 0.71 0.26 1.84 0.43 435 4.279 259 61 25 0.12 2.1
---------------------------------------------------------------------------------------------------------------------------------------------------------
3871.95 0.53 0.13 0.98 0.51 437 1.922 185 96 17 0.12 1.11

Fig. 6: Maturation potential of the studied rock units based on rock eval pyrolysis data Tmax and PI. (After )(43)

marine depositional environment. The Esna Formation

represent slow transgressive stage followed by more

fast sea transgression took place during the deposition

and formation of Thebes Formation (Fig. 8). 

The increased HI values and TOC contents in

Brown Limestone, Sudr and Thebes were the result of

anoxic depositional conditions resulted also from

reduced  siliciclastic   influx   and   constant  organic
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Fig. 7: Petroleum-generating potential of rock samples from the studied rock units (After )(43)

Fig. 8: Plot of S 2 versus TOC from alternating high stand and transgressive system tracts of The studied

Formations in GS 197-2 and WFA-1 w ells. (After )(44)

deposition; this interpretation is compatible with the

fact that, the highest HI values seem to be related to

Maximum Flooding Surface (MFS) especially the upper

part of Thebes Formation. It is commonly assumed

that, the formation of marine black mudstones with

high values of HI and TOC is associated with initial

flooding of lowstand systems creating sediment-starved

environments with sufficient nutrients for high organic

production . During continued transgression, organic-[45]

rich black shales may be preserved, as shown in

Matulla Formation at GS 197-2 well. The formation of

oil-prone shales is also considered to occur at the time

of maximum marine flooding, and they are often best

developed in the upper part of the transgressive
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systems tract close below the maximum flooding

surface . [44,46,47]

Summary and Conclusions: Brown Limestone, Sudr

and Thebes Formations within the study area are

thermally marginally mature to mature, whereas the

other lower rock units as Raha, Abu Qada, Wata,

Matulla and Esna Formations are occur in increasing

maturity stage from top to base. Brown Limestone,

Sudr and Thebes Formations contain Type II kerogen

with TOC values up to 4.05 wt.%. This suggestss that

these formations may have generated significant

amounts of hydrocarbons, where they are mature in this

part of the study area. The high TOC, S1 and S2

parameters values suggest that these units have reached

to excellent hydrocarbon source potential where mature.

The high values of measured, average and live HI in

these rock units reflect that, the oil-prone end member

is the main component and deposited under

transgressive reducing environment. The presence of

Type I kerogen in Thebes Formation indicates,

however, freshwater to slightly brackish lacustrine

depositional conditions in contrast to the marine and

paralic conditions, that characterized the regional

depositional environment of this formation. Raha, Abu

Qada, Wata, Matulla and Esna Formations are mature

sources in the study area. They comprise Types II and

III kerogen, although the high degree of maturity

precludes a direct assessment of kerogen type. Raha

and Abu Qada Formations has TOC values up to 1.12

wt.% suggesting that, they had poor to fair initial

source rock potential. Wata and Matulla Formations

have TOC values up to 2.42 wt.%, which suggest that

they had fair to good initial hydrocarbon generation

potential. The Esna Formation samples vary from

marginally mature to peak mature. It contains Type II

and III kerogens with TOC’s up to 1.5 wt% suggesting

that, it is a poor to fair source rock. It is clear,

however, from the HI values and TOC contents that,

the lower rock units as Raha, Abu Qada and Wata

Formations are deposited under slow transgression stage

with open water circulation, which led to low TOC

content and high inertnite end member, so they give

low HI. Stratigraphic subdivision of the section

indicates that, the upper intervals of organic-rich

mudstones in Matulla Formation suggest that, in

addition to local factors, external factors such as

regional/global anoxic events and sea-level changes

may have played an important role in the formation of

organic-rich shales . The increased HI values and(48c)

TOC contents in Brown Limestone, Sudr and Thebes

were the result of anoxic depositional conditions

resulted also from reduced siliciclastic influx and

constant  organic   deposition.  This  interpretation  is

compatible with the fact that, the highest HI values

seem to be related to Maximum Flooding Surface

(MFS), which may be present at the top of Brown

Limestone and Thebes Formations. 
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