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KEY WORDS ABSTRACT

Faghur Basin is one of the most important hydrocarbon provinces in
;Ve;temBD?SGrt’ the northern Western Desert of Egypt. Some of the Mesozoic (Alam El
ag ur basit, Bueib and Khatatba formations) and Paleozoic rocks at this basin were

Neith Field, . . .
Geochemical, evaluated as source rocks based on certain parameters including: the

Mesozoic, quantity, quality and maturation of the contained organic matter.

Paleozoic. PetroMode 1D software was used for the construction and prediction of
geological and geochemical models. Results from organic geochemical
analysis have clarified that the TOC, HI, S1, S2, %R, and Tmax values of
Alam El Bueib source rock units range from 0.27 to 6.39 wt.%, 34 to
114 mg/g, 0.12 to 0.38 mg/g, 0.23 to 4.3 mg/g, 0.58 to 1.07 % and 409
to 450 °C, respectively. While for the Khatatba source rock these values
range from 0.41 to 30.09 wt.%, 27 to 155 mg/g, 0.1 to 0.53 mg/g, 0.15 to
26.41 mg/g, 1.02 to 1.09 %, 363 to 454 °C, respectively. As for the
Paleozoic source rock they are ranging from 0.53 to 4.83 wt.%, 52 to
136 mg/g, 0.06 to 0.4 mg/g, 0.29 to 6.57 mg/g, 0.97 to 1.1 % and 406 to
467 °C, respectively. Such results indicate that the Alam El Bueib source
rocks are characterized by type (III) kerogen while Khatatba and
Paleozoic source rocks are of type (III) kerogen with inputs of kerogen
type (II). Burial history analysis indicates that most of these source rocks
are mature and reached their maximum temperature at Neogene time.

Introduction

Faghur Basin lies in the part of Khalda concession, in the
northwestern part of the Western Desert northern part of the Western Desert of
of Egypt where numerous oil Egypt. This study focuses on the
potentialities may soon jump as a great geochemical characteristics of the
oil province. This basin is considered as source rocks of the Phiops filed that is
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considered as one of the most
productive oil fields in the Faghur
Basin. As there is no geochemical data
available for the Phiops field, data from
the Neith S-2X well from the neighbor
Neith field within the Faghur basin (Fig.
1) has been used. The Faghur Basin lies
at the eastern extent of the Libyan
Cyrenaica Platform that is poorly
defined and is mainly a plateau area
with about 9000 ft thickness of epi-
continental Paleozoic strata overlying
basement rocks (EGPC, 1992).
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Fig. 1: Location map of Neith S-2X
well.

In the present study, geochemical
data from the Neith S-2X well in
Faghur Basin have been were used for
the evaluation of Alam El Bueib,
Khatatba, and Paleozoic source rocks.
The wide areal distribution, large
thickness, and facies characteristics of
the subsurface Cretaceous Alam El
Bueib and the Jurassic Khatatba
sediments have recently attracted the
attention of  many petroleum
geologists (e.g., Carlos et al.,, 2001;
Zein El-Din et al., 2001; Abdou et al.,
2009; Shalaby et al., 2013). On the
other hand, the Paleozoic rocks of
several thousand fts thickness have been
reported in the subsurface (Barakat,
1982; El-Dakkak, 1988; Keeley,
1989). An Upper Paleozoic basin is
thought to have occupied the area of
Faghur (EI-Mansey et al.,, 2004 and
Abd-El Gawad et al., 2015, 2016 and
2019).

Geological Setting

The stratigraphic section in the
northern Western Desert
(Schlumberger, 1995) ranges in age
from Pre-Cambrian-Basement Complex
to Recent (Fig. 2). The sedimentary
section can be divided into three
sequences based on lithology, namely:
the lower clastic unit from Cambrian to
pre-Cenomanian, the middle carbonate
units from Cenomanian to Eocene, and
the upper clastic unit from Oligocene to
Recent (Said, 1962).
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Fig. 2: The stratigraphic section in the
northern ~ Western ~ Desert
(Schlumberger, 1995).

The  general  structural  and
stratigraphical aspects of the Western
Desert have been the subject of many
studies, such as Amin (1961), Said
(1962 and 1990), Norton (1967),
Parker (1982), Meshref (1982), El-
Khadragy and Sharaf (1994), Shalaby
et al. (2000), Zein El-Din et al. (2001),
El-Khadragy et al. (2010) and others.

The subsurface of the Western
Desert of Egypt is characterized by a
complicated system of Mesozoic rift
basins that cover an area of
approximately 200,000 km? (Hantar,
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1990; Sehim, 1993; Bosworth et al.,
(2008, 2015) and Dolson et al.,
2014) (Fig. 3).
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Fig. 3: Mesozoic and Cenozoic basins
in the Western Desert and Sinai
(Abu Mostafa et al., 2018).

Figure (4) is a delineation map of
basinal areas in the northern part of the
Western Desert. The most important
hydrocarbon producing areas in the
western part of the Western Desert are
the Faghur, Shoushan, and Abu
Gharadig basins and their intervening
higher platforms. Most of the basin-
bounding faults in this area strike east-
west to east—northeast/west—southwest,
parallel to the old Neotethyan
continental margin to the north. North—
northwest/south—southeast to the north—
northeast/south-southwest trending
structures are also present and result in
complicated regional basin
geometries (Bosworth et al.,, 2015).
These basins form a series of several
discrete E-W to ENE-WSW, and NE-
SW oriented half-graben basins that
were initiated in the Jurassic and
continued to subside through the
Cretaceous, such as the Abu Gharadig,
Alamein, Matruh, Faghur and Shoushan
basins (Sultan and Halim, 1988;
Emam et al, 1990; Taha, 1992;
Moustafa, 2008; Bevan and Moustafa,
2012 and Bosworth et al., 2015).

In the Faghur basin, as in other
parts of the northern Western Desert,
the Alam El Bueib Formation consists
of fine to coarse-grained sandstone with
siltstone ~ and  subordinate  gray

shale (EGPC, 1992). It has a
considerable thickness that has been
subdivided into six units from bottom to
the top: Alam El Bueib-6, Alam El
Bueib-5, Alam El Bueib-4, Alam El
Bueib-3, Alam El Bueib-2, and Alam El
Bueib-1, whereas, the Alam El Bueib-3
unit itself was subdivided into six
subunits: G, F, E, D, C and A (Abu El
Naga, 1984). The Khatatba Formation
consists of a thick shallow marine
carbonaceous  shale series, with
interbedded sandstone, coal seams, and
limestone streaks (Schlumberger,
1984). Paleozoic  sediments are
composed mainly of sandstone of
various colours and siltstone with an
abundance of limestone and shales in
the upper part of the section (Fawzy
and Dahi, 1992).

MEDITERRANEAN SEA

Western  Desert  Basins
Delineation Map
(Schlumberger, 1995).

Fig. 4:

Material and methods

Geochemical and thermal data analysis
and modeling are used to predict the
validity of the area for future oil and gas
discoveries. Source rock evaluation is
conducted  through  analysis  of
geochemical parameters including; total
organic carbon (TOC), free
hydrocarbons (S1), residual petroleum
potential (S2), hydrogen index (HI),
maximum temperature (Tmax) and
vitrinite reflectance (%R,) of data from
the Neith S-2X well for Alam El Bueib,
Khatatba and Paleozoic source rocks.
This is to predict hydrocarbon
maturation and generation and construct
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thermal burial history and the timing of
hydrocarbon generation.

Available geochemical data,
measured by StratoChem for Khalda
Petroleum Company, for this study
comprised of 26 samples from Alam El
Bueib source rocks, 12 samples from
Khatatba source rock, and 9 samples of
Paleozoic source rock (Table 1).

Moreover, Vitrinite reflectance (%R,)
analysis of 17 samples are measured (9
samples from Alam El Bueib source
rocks, 3 samples from Khatatba source
rock, and 5 samples from Paleozoic
source rock).

Table (1): Geochemical data of Alam El Bueib, Khatatba and Paleozoic source rocks in Neith 5-2X

well, Faghur basin.
SAMPLE
Formation @ TOC | S1 52 Tax |S2TOC [SITOC | 51/82+83 R,
from | to | wi% | mgg | mg/g | degC | HI o1 PI %
9390 | 9400 | 048
9490 | 9500 | 04
9590 | 9600 | 035
9720 | 9730 | 068 | 012 | 023 | 428 34 65 034 0.68
10500 | 10510 | 027
10870 | 10880 | 041
0 | 1oso [ 118 | 02 [ 134 | 43 114 64 0.13 038
uzo | na0 | 129 | o2 [ 123 | 430 95 3 0.15 0.68
1340 | 1350 | 097 | 024 [ 068 | 430 70 58 0.26
1390 | 11400 | 072 | 02 [ 042 | 434 58 68 032
E 1490 | 1500 | 086 | 017 | 057 | 430 66 36 02
2 U840 | 11850 | 119 | 016 | 104 | 432 §7 39 0.13 062
- ug40 | noso | 069 | 012 [ 084 | 435 78 8 0.18
o 1240 | 12250 | 09 | o018 [ 087 | 43 63 106 0.4 086
g 12460 | 12470 | 053 | o016 | o014 | 443 26 138 0.53
< 1260 | 12700 | 062 | 017 [ 037 | 436 60 140 031
12850 | 12860 | 05 | 016 [ 019 | 409 38 8 0.46
12890 | 12900 | 639 | 032 | 43 | 437 7 10 007 089
12990 | 13000 | 076 | 018 [ 037 | 450 9 63 033
130 | 13100 [ 08 | ox [ o4 | 43 50 118 035 107
13190 | 13200 | 08 | o018 [ 032 | 449 10 129 036
13200 | 13300 | 105 | 024 | 065 | 444 62 109 027
13390 | 13400 | 105 | 023 | 067 | 443 64 63 0.26 0.85
13440 | 13450 | 089 | 016 | 035 | 438 3 52 031
13790 | 13800 | 039
14020 | 14030 | 232 | 038 [ 243 | 442 % 3 0.4 077
14270 | 14280 | 065 | o1 | 019 | 391 ) M 034
14200 | 14300 | 056 | ou [ 015 | 363 1 70 042
14330 | 14340 | 041
14380 | 14390 | 475 | 025 [ 46 | 484 97 16 0.05 1.05
z 14390 | 14400 | 609 | 028 [ 608 | 451 100 19 0.04
g 14400 | 14410 | 7. 025 | 685 | 453 97 9 0.04
z 14410 | 14420 | 3009 | 048 [ 2641 | 450 88 6 0.02 1.09
2 14420 | 14430 | 1218 | 053 | 1509 | 483 14 9 0.03
14430 | 14440 | 825 | 047 | 993 | 481 120 M 0.05
14450 | 14460 [ 909 | 045 [ 1219 | 450 134 17 0.04
14460 | 1470 [ 9 051 | 1126 | 454 125 13 0.04
14490 | 14500 | 818 | 053 [ 1268 | 449 155 12 0.04 102
14570 | 14580 | 483 | 04 | 657 | 449 136 11 0.06 1.09
14500 | 14600 | 304 | 032 [ 399 | 4%2 131 13 0.07
i 4690 | 14700 | 22 | o2 | 181 | 481 82 7 011 11
s 4740 | 14750 | 033 | 007 [ 029 | 406 53 87 0.1
g 14790 | 14800 | 166 | 014 | 125 | 482 75 7 01 1.05
z 14840 | 14850 | 195 | 014 | 174 | 482 8 12 0.07
14890 | 14900 | 192 | 043 | 167 | 449 7 7 007 097
14940 | 14050 | 081 | 007 [ 045 | 464 56 2 0.13 098
14970 | 14980 [ 067 | 006 [ 035 | 467 52 36 0.15
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Results and Discussion
Source Rock Evaluation
Organic matter richness (TOC wt.%)

Source rock richness is determined
by measuring the total organic carbon
(TOC) present in a rock (Law, 1999).
The TOC values of the Alam EIl Bueib
source rocks range from 0.27 to 6.39
wt.% with an average value of 1.03
wt.%, while in Khatatba source rock,
they range from 0.41 to 30.09 wt.%
with an average value of 8.02 wt.%. As
for the Paleozoic source rock, they
range from 0.53 to 4.83 wt.% with an
average value of 1.96 wt%. Using the
classification of Peters (1986), it is
clear that most of Alam El Bueib source
rocks are considered fair to good source
rock, especially Alam El Bueib-3A and
Alam El Bueib-3C units but Alam El
Bueib-6 unit is very good source rock.
The Khatatba source rock is very good
to fair source rock, while the Paleozoic
rocks are considered as fair to very
good source rock (Fig. 5). Such results
match those of Abd-El Gawad, et al.
(2015), who used fewer samples.
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Fig. 5: Total organic carbon richness
(TOC) of Alam El Bueib,
Khatatba and Paleozoic source
rocks in Neith S-2X well,
Faghur basin (Peters, 1986).

Types of organic matter

According to Hollander et al.
(1991), the organic matter content must
be enough to establish a continuous
kerogen network, which leads to the full
connectivity of organic matter in the
rock. Therefore, the quantity and type of

organic matter are determined by a
visual study of kerogen isolates and
Rock-Eval Pyrolysis. The relationship
between the Hydrogen Index (HI) and
Oxygen Index (OI) of the used samples
indicates that Alam El Bueib source
rocks are characterized by type (III)
kerogen. The Khatatba and Paleozoic
source rocks, on the other hand, are type
III kerogen with the input of kerogen

type II (Fig. 6).
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Fig. 6: Modified Van Krevelen (1961)
type diagram showing kerogen
type of Alam El Bueib, Khatatba
and Paleozoic source rocks in
Neith S-2X well, Faghur basin
(Espitalié et al., 1977).

Hydrogen Index (HI) values of
different source rocks indicate that they
are mainly of kerogen type III, where
the HI values range from 34 to 114
mg/g with an average value of 62.8
mg/g for Alam EI Bueib source rocks,
from 27 to 155 mg/g with an average
value of 99.64 mg/g for Khatatba source
rock and from 52 to 136 mg/g with an
average value of 84.78 mg/g for
Paleozoic source rock. These results
indicate the capability of these source
rocks to produce gas with minor oil
using Waples's (1985) classification

(Fig. 7).
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Fig. 7: Hydrocarbon index (HI) of Alam
El  Bueib, Khatatba and
Paleozoic source rocks in Neith
S-2X  well, Faghur basin
(Waples, 1985).

Hydrocarbon generation and
migration
The free  hydrocarbon  (S1)

represents the hydrocarbon vaporized
and driven off from the sample at low
temperature to about 300°C and is
measured in mg HC/g rock. S1 values
range from 0.12 to 0.38 mg/g with an
average value of 0.2 mg/g for Alam El
Bueib source rocks and from 0.1 to 0.53
mg/g with an average value of 0.36
mg/g for Khatatba source rock and from
0.06 to 0.4 mg/g with an average value
of 0.17 mg/g for Paleozoic source rock.
According to Peters's
(1986) classification  these  values
indicate a poor potential source rock for
hydrocarbon  generation for most
studied rocks. However, the Khatatba
source rock shows signs of fair potential
for hydrocarbon generation (Fig. 8).

The residual petroleum potential
(S2) represents the amount of
hydrocarbons generated through
thermal cracking (at 300-550 °C) of the
contained kerogen (Waples, 1985). The
values of S2 of the Alam El Bueib
source rocks range from 0.23 to 4.3
mg/g with an average value of 0.84
mg/g, while for the Khatatba source
rock range from 0.15 to 26.41 mg/g
with an average value of 9.58 mg/g and
for the Paleozoic source rock they range
from 0.29 to 6.57 mg/g with an average
value of 2.01 mg/g. These values

indicate that most of Alam El Bueib and
Paleozoic source rocks have poor
hydrocarbon potentiality, while the
Khatatba source rock has fair to very
good hydrocarbon potentiality
according to Peters's
(1986) classification (Fig. 9).
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Fig. 8: Free hydrocarbons (S1) of Alam
El  Bueib, Khatatba and
Paleozoic source rocks in Neith
S-2X  well, Faghur basin
(Peters, 1986).
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Fig. 9: Residual petroleum potential
(S2) of Alam El Bueib,
Khatatba and Paleozoic source
rocks in Neith S-2X well,
Faghur basin (Peters, 1986).

Maturation of organic matter

Vitrinite reflectance (%R,) is a
widely used indicator for reflecting the
thermal maturity of kerogen, because it
extends over a longer maturity range
than any other indicator (Waples,
1985). The %R, values of most of the
Alam El Bueib, Khatatba, and Paleozoic
source rocks indicate that theses source
rocks fall within the mature stage (oil
generate), as the values range from 0.58
to 1.07 % with an average value of 0.78
% for Alam El Bueib source rock, from
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1.02 % to 1.09 % with an average value
of 1.05 % for Khatatba source rock and
from 0.97 to 1.1 % with an average
value of 1.04 % for Paleozoic source
rock (Fig. 10).
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Fig. 10: Vitrinite reflectance (%Ro) of
Alam El Bueib, Khatatba and
Paleozoic source rocks in Neith
S-2X  well, Faghur basin
(Waples, 1985).

The maximum temperature (Tmax) is
defined as the pyrolysis temperature at
which the maximum amount of
hydrocarbon is released by
kerogen (Espitalié et al., 1977). Tmax
increases linearly with the degree of
maturation of the organic
matter (Barker, 1974; Espitalié et al.,
1977). The Tmax values variation
depends not only on maturity but also
may be influenced by the kerogen
type (Hunt, 1996). The type of organic
matter (kerogen) is considered the
second most important parameter in
evaluating the source rock. Based on
pyrolysis data, kerogen -classification
diagrams were constructed using the HI
versus Tmax plot as carried out by
previous workers (e.g., Mukhopadhyay
et al., 1995) was used to determine the
kerogen type and maturity. According
to Espitalié et al., (1985) classification,
these results indicate that most of Alam
El Bueib source rocks are characterized
by type Il kerogen and are located in
mature stage within oil generation
specially Alam El Bueib-3A, Alam El
Bueib-3C, and Alam El Bueib-6 source
rocks, while the rest still in immature
stage (Fig. 11). The Khatatba and
Paleozoic source rocks, on the other

hand, are characterized by type III
kerogen with inputs of kerogen type II,
falling within the mature range to
generate oil and  condensate/gas
window. This is in agreement
with Abd-El Gawad, et al.
(2015) results, which concluded that
both the Jurassic and Paleozoic source
rocks in Neith S-2X are mature and can
generate oil.
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Fig. 11: Plot of hydrogen index (HI)
versus maximum temperature
(Tmax) for Alam El Bueib,
Khatatba and  Paleozoic
source rocks in Neith S-2X
well, Faghur basin (Espitalié
et al., 1985).

Burial, thermal histories and
hydrocarbon zones of the study area

The thermal burial history and
maturity models of the studied source
rocks from the studied well were
constructed using  PetroMod 11
software. The data needed to construct
the thermal subsidence history at source
rock tops or true stratigraphic thickness,
geologic age of the time-rock unit,
geothermal gradient, and magnitude of
erosion and the non-deposition periods
or hiatus.

In this study, the analysis of the
influence of the tectonic evolution in the
basin on the heat-flow distribution
through time was made using 1D
modeling of data from Neith S-2X well,
Faghur basin. Heat flow is a vital input
parameter in basin modeling, but it is
not easy to define this value for the
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geological  past.  Therefore, the
reconstruction of the thermal history of
the basin is always simplified and is
usually calibrated against profiles of
maturity (e.g., vitrinite reflectance and
temperature).

Figure 12 shows the temperature
gradients in Faghur basin. The
temperature values increase
systematically with depth from surface
temperature. Figure 13 indicates that
sediments from the studied well reached
maximum temperatures at Neogene
time. During the burial history of the
arca, the source rock suffered from
increasing temperature. The
reconstructed burial histories of rocks in
the studied well by time-depth history
plots after applying the temperature
effects show a close relationship to the
basin tectonic evolution and the
distribution of temperature through the
basin. It also shows that the temperature
values increase systematically with
depth from surface temperature.
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rocks in Neith S-2X well,
Faghur basin.
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Fig. 13: Thermal burial history and
temperature fitting Alam El
Bueib, Khatatba and
Paleozoic source rocks in
Neith S-2X  well, Faghur
basin.

The timing of hydrocarbon
generation may be determined more
directly using kinetic parameters. The
oil window in a well indicates the
hydrocarbon generation potentialities of
the source rock. The 1D PetroMod
program has been used to construct the
thermal burial history models (Fig. 14)
and locate the oil window for each
source rock as an indication of the
hydrocarbon generation of the study
area. The model shows the depth and
the age of oil and gas generation for the
studied source rocks in Neith S-2X well
(Table 2).

The timing of oil and gas generation
of the present rocks varies from one
source rock to another (Fig. 14). The
Early Cretaceous Alam El Bueib source
rocks were able to generate oil during
the Early/Late Cretaceous to Neogene
times, specially Alam El Bueib-3A,
Alam El Bueib-3C, and Alam El Bueib-
6. On the other hand, the Jurassic source
rocks might have generated oil during
Early Cretaceous to Miocene. They
might have also begun to condensate
gas during Miocene and continued to do
so until now. The Paleozoic source rock
may have generated oil during Early
Cretaceous to Paleocene and generated
condensate gas from Paleocene onward
(Fig. 14). Such results are in agreement
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with estimations driven by Abd-El
Gawad et al. (2015) who stated that the
Safa and Paleozoic source rocks in
Faghur Basin entered the oil window
during Early to Middle Cretaceous and
were able to generate oil starting from
Early Late Cretaceous and continued to
do so until the present time.
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Fig. 14: The burial history and
hydrocarbon zones of Alam
El Bueib, Khatatba and
Paleozoic source rocks in
Neith S-2X well, Faghur
basin.

Table (2): Depth and time of the
hydrocarbon generation of
Alam El Bueib, Khatatba
and Paleozoic  source
rocks in Neith S-2X well,
Faghur basin.

Depth of Oil | Onset of Oil | Depth of Gas | Onset of Gas
Well| Source Rocks | Generation | Generation | Generation | Generation

(ft) (Mabp) (ft) (Mabp)
., | Alam El Bucib-3A 7641 91.03 Not Reached
é Alam El Bueib-3C 7200 103.06 NotReached | ... g
: Alam E1Bueib-6 7361 107.21 NotReached | .oovivvvvrnns
E Khatatba 7507 108.73 13665 2.08
Paleozoic 7568 112.98 13402 62.87
Conclusions

Some of the Mesozoic and
Paleozoic formations in the Faghur
basin (Western Desert of Egypt) are
important oil and gas source rocks.
Geochemical characterization of the
Alam El Bueib, Khatatba and Paleozoic
rocks and basin modeling using data
from three source rocks have led to the
following conclusions:

1. The Lower Cretaceous Alam El
Bueib source rocks constituted a
mature source rock with good
capability for generating gas with
minor oil and entered the oil
window during the Early/Late
Cretaceous to Neogene times,
specially Alam El Bueib-3A, Alam
El Bueib-3C, and Alam El Bueib-
6.

2. The Jurassic Khatatba source rock
bears a mature source rock and has
very good to fair generating
capability for generating gas with
minor oil and entered the oil
window during Early Cretaceous to
Miocene times, and it lies within
condensate gas during Miocene and
continues to do so until now.

3. The Paleozoic source rock has
mature source rock and fair to very
good potential to generate gas with
a low amount of oil and entered the
oil ~ window  during  Early
Cretaceous to Paleocene and
condensate gas from Paleocene.

4. Geochemical analysis and basin
modeling indicate that Khatatba
source rock is much more effective
for hydrocarbon generation than the
Alam El Bueib and Paleozoic
source rocks.
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