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ABSTRAT

The aim of this work provides a better understand of the generation, migration, accumulation of
hydrocarbons and multivariable processes that occur during the long basin history by the application of
petroleum system modelling. Applying basin modelling makes it possible to evaluate the four
dimensional controls on source, reservoir and seal rocks distribution, the master tectonic mechanism, as
well as, source rock maturation, migration and trap formation. Petroleum potential therefore is influenced
not only by the complex distribution of source, seal and reservoir rocks, but also by the effects of burial,
uplift and erosion, which all undergo rapid variations in time and space. With the results of the 1-D
basin modelling, a zone favorable for the generation of hydrocarbon from the proposed source rocks
was defined based on the deposition and the thickness of the overburden rocks and the timing of the
generation and migration of the generated and expelled amounts of petroleum. The evaluation of the
results of vitrinite reflectance measurements for two wells in the studied basin was performed to
obtain calibration data for 1-D basin modelling. In this context, the influence of temperature on
organic matter had to be evaluated; maturity data also allowed calculating paleo-temperatures for the time
of maximum burial or maximum temperatures. The result of the 1-D simulation shows the difference in
burial, thermal and maturity history for the principle tectonic events.
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INTRUDUCTION

The study area lies in the northeastern part of the Qarun lake protected area; it is delineated by
latitudes 29° 48' 13" and 29° 32' 12" to the north, and longitudes 30°33' 05" and 30°45'06" to the east
(Fig. 1). The Qarun acreage had been explored by the Royal Dutch/shell, Amoco and Braspetro.
Exploration drilling since 1994 has resulted in six new Egyptian field discoveries, four of which are
currently producing approximately 40,000 BOPD. Primary production is from the Cretaceous Bahariya
and Kharita sandstone reservoir, as is typical in the Western Desert. The Qarun Field is emerging as
the largest and most prolific oil field in the Western Desert, lies on the southeast flank of the Kattaniya
uplift and the northwest flank of the Cenozoic Gindi Basin 80 km southwest of Cairo. The Kattaniya
uplift is an inverted Mesozoic basin containing thick Middle Jurassic Khatatba oil-prone source rocks.
The oil migrated southeastward to charge Qarun field along a NE-SW trending intrabasinal paleo arch,
separating the Kattaniya inverted basin from the Gindi basin.

The sedimentary section in the Northern Western Desert is thick and includes a complete stratigraphic
section represented by Paleozoic to Recent sedimentary rocks overlies the Precambrian crystalline
basement (Fig. 2). The sedimentary section in the Qarun Field province is characterized by the absence
of the Paleozoic and Jurassic rocks Abd El Aziz et al. (1998).

Cretaceous sediments represent the Western Desert’s second major transgressive Mesozoic cycle,
which occurred after a period of up-lift and erosion that prevailed in the late Jurassic and Early
Cretaceous Fawzy and Dahi (1992). The Lower Cretaceous is divided into three main formations, Alam
El Bueib, Alamein and Kharita that are mainly of continental environment, while the Upper Cretaceous is
also divided into three formations: Bahariya, Abu Roash, and Khoman, which are mainly of shallow
marine to open marine environment. Lower Cretaceous section presented in the study wells by Kharita
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Formation, which composed of massive quartzose sandstone interbedded with shales and siltstone, the
drilling reaches to Kharita Formation only in El Sagha-1A well at depth of about 2700m.The Upper
Cretaceous basins are represented by The Cenomanian Bahariya Formation consists mainly of fine- to
medium- grained quartizitic sandstone with thin streaks of shales, and carbonate inclusions Soliman and
El Badry (1980). Abu Roash Formation is subdivided into seven 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 El Gezeery and O’ Connor (1975).

The source rocks and hydrocarbons potentialities of the Qarune oil field were studied by many authors
as: Shahin and Shehab (1988), Abd El Aziz et al (1998), Hammad et al (2010). This is work concerned
on the study of source rock evaluation of the Cretaceous sediments and basin modelling at Qarun oil

field.
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MATERIAL AND METHODS

Source rocks can be described in terms of their total organic carbon (TOC) content, forty six
ditches and cutting samples were analyzed using the LECO SC-632 Analyzer. Estimated minimum TOC
values are 0.3 wt % for carbonates and 0.5 wt % for shales. The standard pyrolysis method of source
rock characterization and evaluation (Rock-Eval), In which the samples which bearing more than 0.5%
wt TOC is progressively heated to 550°C under an inert atmosphere, using a special temperature program
Espitaile et al. (1977). The result of the analysis is represented by three peaks. The first peak “S1”

represent the content of volatile hydrocarbons, which is liberated at temperature less than 200°C. The
second peak “S2” represents the pyroletic hydrocarbons, which is released in temperature range

between 300%and 550°C. This peak “S2” represents the hydrocarbon that would be generated if burial
and maturation continued to completion. The values of the two peaks S1 and S2 are expressed as a
ratio of milligrams of hydrocarbons per gram of rock (mg/g). The third peak “S3” represents the
quantity of carbon dioxide (CO2) liberated from the combustion of the organic matter, and it is
expressed in milligrams of CO2 per gram of rock (mg CO2/ gm). Tmax values less than 435 °C indicate
immature organic matter; between 435 and 470 °C, the organic matter is mature; and Tmax values
greater than 470 °C indicate the wet gas zone or post-mature stage (Peters and Cassa, 1994). Vitrinite
reflectance (Ro) was measured on kerogen using standard procedures as described in Taylor et al (1998).
Basin Modelling has become an important tool in the study of the burial history and thermal
evaluation of sedimentary basins. Evaluating the generation, migration and entrapment of hydrocarbons
were executed by numerical basin modelling. Basin modelling is the temporal reconstruction of
basin history and refers to the procedure of establishing the sequential record of changes in controls
and products, which have occurred during the long geologic history of a basin. The 1-D basin simulation
software is PetroMod, which used for modeling the petroleum history. The conceptual model is adjusted
to lead to a better match between simulation and calibration data (Poelchau et al 1997). The conceptual
model includes the concept of the “petroleum system” within the basin model (Magoon and Dow, 1994).

RESULTS AND DISCCUTION

Source rock evaluation

Source rock quality is defined by amount and type of kerogen and bitumen as well as its stage of
maturity. The oil source capacity depends on evaluation of source rock “which are commonly shales
and lime-mudstone contain significant amounts of organic matter (more than, 0.5 or 0.3 wt % of the whole
rock)”. The type of kerogen varies referring to the composition of the original biological matter and the
environmental conditions during diagenesis. Generally, lacustrine and marine organic matter (kerogen
types | and 1l) have much higher petroleum potential than terrestrial organic matter (kerogen type IlI)
which predominates on continental shelves, especially in areas influenced by submarine fans (Dow 1977).
Geochemical analyses were carried out on the interval 1918 m to 3470 m in N Qarun-1x and El Sagha-1A
wells of the studying area. As shown in (Table 1). The analyzed section includes rocks ranging in age
from Lower Cretaceous (Kharita Formation) to the upper Cretaceous (Bahariya Formation, A/R G
member). The organic rich intervals of Abu Roash “G” member assigned to shale sequences that was
deposited in a shallow marine environment. The screening analysis TOC and Rock Eval pyrolysis
results of the samples revealed the presence of organic source types; The first source type is strongly oil-
prone and is represented by the limestone in Abu Roash G members (intervals 1918-2218m (Table 1).
These rocks are characterized by generally high organic contents (TOC 0.57-2.53 wt %) and generally fair
to very good potential for oil generation (Type Il Kerogen) (pyrolysis S2 yields 0.25-17.23 mg HC/g rock
and HI 34 -718 mg HC/g TOC; Figure 3 A-C).

TOC: Total organic carbon (weight percent of the whole rock) S;: Low hydrocarbon yield (mg
hydrocarbon/g rock). S,: High hydrocarbon yield (mg hydrocarbon/g rock). HI: Hydrogen index (mg
hydrocarbon/g TOC). OIl: Oxygen index (mg CO2/g TOC). Tmax: Temperature at which maximum
emission of high temperature (S2) hydrocarbon occurs (deg. C) PI: Production index (S1/S1+S2).
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Table 1: Pyrolysis data for the Cretaceous sediments of NQarun-1X and El Sagha-1A wells.
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Fig. 3: (A-C) Organic Richness of the Cretaceous formations, North Western Desert, Egypt.

The PI increases with maturity as hydrocarbons are generated (Tissot and Welte, 1984). The second
source type is mixed oil and gas prone and represented by the intercalated limestones and shales interval
2218-2609m and 2527-3470m in Abu Roash G members, Bahariya and Kharita formations
respectively. Bahariya appear to have generally high organic content (TOC 0.5-1.22 wt%) and good
hydrocarbon generating potential (pyrolysis S2 yields 0.29-1.53 mg HC/g TOC; Figure 3 A-C). Most of
these rocks have the capacity of generating oil and gas at maturity (Abd El Gawad, et al 2019) (Type Il -
Type Il1), as indicated from their moderate hydrogen indices (HI 55-174; Figure 4 A-B). Kharita have
high organic content (TOC 0.5-1.51 wt %) and fair hydrocarbon generating potential (pyrolysis S2 yields
0.25-1.176 mg HC/g TOC; Figure 3 A-C). Most of these rocks have the capacity of generating oil and gas
at maturity (Type Il — Type Il1), as indicated from their moderate hydrogen indices (HI 50-160; Figure 4
A-B). The plot of S1 versus TOC, showing indigenous hydrocarbons and the Tmax versus Pl showing
Hydrocarbon Maturation of the Cretaceous Formations (Fig. 4 C&D).

9
E
" +Typal 3
I Gl LR TR
“ i T e
~ e bL
8 e :0 %
- . = Typsl £ s
Pwli® .- i i
E e ;.. 5" ] = ‘
i.]ie § £ 3 -
4 : ' : bad hwigenwas
"1 e oy o Hydrocarbon Present
ned | E
' = 3
wed E—_— ]
. < Typem
. T T T T T T T T YT T ok LR LLL N ™ TV TV
RN N s N “w -
Ouyges prdax (mg Cog i g TOC) TOG (wt %) Totall Organic Camen{TOS wi %)
T lmemat ra &
- J—— ] / 1 /' 4 &
vl sl e )
K3 ' 5 T I - poe —} W T
E,‘_ *x : '! ' 4 A
i ety :
1] - HiE : § o] A
8 5 4
g...- ' s | =
o x 4
. o ox ¥k
o - ——_— o
™Y Lowens
L AEEERES—— N T T ¥ T T \I..
o .

Fig. 4: (A) The modified van Krevelen (HI versus Ol) diagram (after Espitalié, et al., 1977), (B) The TOC
versus HI diagram showing organic enrichments (after Jackson, et al., 1985), (C) The TOC versus S1
showing indigenous hydrocarbon (Hunt, 1996), (D) The Tmax versus Pl diagram (Delvaux et al., 1990),
and (E&F) Hydrocarbon Maturation of the Cretaceous sediments North Western Desert Egypt.
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Maturity

The most widely used thermal maturity indicator is the reflectance of the vitrinite macerals in coal,
coaly particles, or dispersed organic matter, which increase as a function of temperature and time
from approximately 0.25%Ro at the peat stage to more than 4.0%Ro at the met anthracite stage. There
is a general increase in vitrinite reflectance with depth as shown in (Table 1, Fig. 4 E& F). Depending on
organic matter composition the maturity profile will reaches to value (0.6 Ro %) at approximately depth
1780m. Tmax values indicate a higher maturity than that derived from Ro%. Tmax values in Kharita,
Lower Bahariya and Upper Bahariya Formations are slightly high. In addition, the maturation trend
obtained from pyrolysis Tmax values indicates a lower maturity than that derived from Ro% and thus,
may be due to contamination in some samples (Table 1, Fig. 4 E & F).

THERMAL HISTORY

The thermal history of rocks is determined by the boundary condition of surface temperature and the
basement heat flow. The temperature at points in between is controlled by the thermal conductivities of
the sediments. The boundary conditions of surface temperature and basement heat flow vary through time
during the evolution of a sedimentary basin. During the burial of the sediments, their thermal
conductivities have altered as the rock compacted. A high heat flow peak has been assumed in the
Cretaceous rifting phase is set at 88 mW/m?. The present day vitrinite reflectance values based on the
calculation of Sweeney and Burnham (1990), Show relatively similar values for A/R-G member in the
different wells the present- day simulated vitrinite values range is 0.54% in N Qarun-1X wells but
0.55% in El Sagha- 1A well, with temperature range from 65.7°C in N Qarun-1X to 70.93°C in El
Sagha- 1A (Fig. 5 A & B).
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Fig. 5: (A & B) Modeled burial and thermal histories in NQarun-1X and EI Sagh-1A wells.
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Burial History and Hydrocarbon Zones

The burial history of Qarun basin is represented by time-depth history plots that show the burial
of different horizons traced through time, from deposition to present day. The plots indicate the main
features of deposition in the Qarun basin, which represented by five principle phases ranging from Early
Cretaceous to the present. The subsidence during the Early Cretaceous (~112 -101 Mabp) was
characterized by a burial rates of about 25m per million years, the Kharita formation deposited during this
period with up to 290m thick (~101-99 Mabp). The Late Cretaceous period comprises two phases (phase 2
and 3), Phase 2 which extended from (~99-88 Mabp) and characterized by very rapid rate of
sedimentation of about 72m per million year and led to the deposition of Bahariya formation due to
marine Cenomanian transgression followed by fully marine transgression during the Upper Cenomanian
and Turonian which led to the deposition of Abu Roash formation. Subsidence decreased to 15m per
million years in Phase 3 (~ 84-69 Mabp) led to the deposition of Khoman formation. The fourth phase in
Paleocene age from (~65-59 Mabp) characterized by low sedimentation rate of 17m per million years
and led to the deposition of Esna formation, which completely eroded later. The last phase in Eocene
age characterized by very rapid rate of sedimentation about 93 m per million years, extended from (~57-
40 Mabp), and led to the deposition of Apollonia formation (Figures 6 A&B). In N Qarun-1X well, A/R-
G entered the oil window at (~34.55 Mabp) at depth 2188m and reaches its maximum burial depth at
2266m and still in oil window, In El Sagh-1A well the oil window began at (~38.00 Mabp) at depth
2183m and reaches its maximum burial depth at 2208m at (~ 40.00 Mabp) and now AR-G in El
Sagh-1A well still in oil window.
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Fig. 6: The Burial history and hydrocarbon zones in N Qarun-1X and El Sagh—lA wells.
CONCLUSIONS

Qarun Concession is considered one of the most prolific basins in the northern part of the Egyptian
Western Desert. A thin Lower Cretaceous section was deposited directly over the Precambrian
basement rocks followed by Cenomanian and Turonian sediments overlie these Lower Cretaceous
rocks. The source rock analyses of the studied formations by total organic matter content results
revealed that, the Abu Abu Roash "G" members have total organic matter and organic carbon content,
but they are not potentially enough to produce indigenous oil, this reflects the exogenous nature of the
encountered hydrocarbons of these rock units. These TOC values were determined within the main
two source rocks, namely, Abu Abu Roash “G” members. Abu Roash “G” member classified into four
source intervals dispersed in the wells of the study area All of them consist of shale and have type II-
Il organic matter. As well as TOC range from 0.57 wt% to 2.53 wt%. Bahariya appear to have
generally high organic content (TOC 0.5-1.22 wt %) and generally good hydrocarbon generating
potential. Kharita have high organic content (TOC 0.5-1.51 wt %) and fair hydrocarbon generating
potential. Two wells were modeled using the modelling software (PetroMod 1-D).The basin analysis
involves reconstructing the thermal and burial histories of the basin and understanding the processes and
mechanisms by which it formed.
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