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Abstract: The Western Desert of Egypt is recognized for its significant potential in oil

and gas reserves, making it a prominent hydrocarbon-producing area with conventional

reservoirs. Recent findings from various wells suggest that unconventional reservoirs in the

Western Desert may hold considerable promise. The primary objective of this study was to

explore this potential. Accordingly, a comprehensive and multidisciplinary approach has

been employed to assess the Abu Roash/F (AR/F) reservoir. The methodology involved

meticulously examining formation characteristics and integrating borehole images with

existing core data and thin sections. This integration aimed to analyse and interpret

the lithofacies of the reservoir, with a specific focus on identifying fractures and decoding

potential diagenesis effects. As a result, we successfully identified wells exhibiting optimal

reservoir quality, unveiling the presence of fractured dolomite or vuggy dolomite in wells

containing promising oil and gas pay intervals. Notably, some wells displayed low porosity

(3%), yet seismic attribute maps in their vicinity indicated a high density of fractures.

This underscores the importance of combining borehole images with seismic attributes to

evaluate carbonate formations effectively. The fractures, predominantly oriented NW–SE,

were found to be associated with deformation zones. Our findings emphasize the critical

role of this integrated approach in unlocking the full potential of hydrocarbon reservoirs

in the Western Desert.
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1. Introduction

The Western Desert is one of Egypt’s principal hydrocarbon provinces
(Hantar, 1990; Meshref, 1990). Most of the production came from con-
ventional reservoirs, with only a few wells producing from unconventional
ones. However, several wells suggest that the unconventional reservoirs
in the Western Desert may hold great promise (Abd El-Aal and Moustafa,
1988). The unconventional reservoirs always act as both source and reser-
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voir rocks, and they always attain very low permeability, requiring hydraulic
fracturing for increased production. The study area (Fig. 1) is located in
the central and eastern parts of the Western Desert. Our investigation con-
centrated on AR/F member, which is regarded as one of the primary source
rocks (Meshref, 1990; Abdelmaksoud et al., 2019) in the Western Desert.
Many wells have penetrated the AR/F member in the Western Desert and
encountered oil and gas shows, but these wells have not yet been tested for
production. This observation prompted us to comprehensively analyse and
interpret some of the Western Desert’s potential areas.

Fig. 1. Location map of the study areas, East Ras Qattara and El Fayum concessions,
dashed box represents the outline of the EUG Western Desert merged volume (Osman et

al., 2022).

The primary objective of this study was to integrate multidisciplinary
approaches to evaluate the AR/F reservoir, including Borehole imaging
analysis, and petrophysical, geological, and geophysical interpretation. The
integrated approach (Osman et al., 2022) was executed by maximizing the
contribution of all significant and available data and information to ensure
that all aspects of interpretation are appropriately considered. It is impor-
tant to perform a detailed structural model based on subsurface geological
information (Abdelmaksoud et al., 2019) since the current energy industry
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seeks to improve subsurface exploration through accurate assessment and
competent production, and utilizing the electrical log is the best way to
unlock hydrocarbon development from unconventional reservoirs.

To evaluate the source rock acting as a reservoir (unconventional reser-
voirs), it is necessary to evaluate the intragranular kerogen or organic poros-
ity because it is considered an additional component of the source rock
reservoir as shown in Fig. 2. Unlike conventional porosity associated with
conventional reservoirs, the organic porosity system in source rock reservoirs
is distinctive because it is created by thermal maturation and conversion of
organic matter into hydrocarbons (Galford et al., 2013). The amount formed
in the bulk rock is proportional (El-Sabbagh et al., 2011) to the current vol-
ume of solid kerogen. Thus, organic porosity contributes to total reservoir
hydrocarbon storage capacity and may be the primary storage mechanism
in some productive source rock reservoirs (Ibrahim and Abdel Aziz, 1995;
Lüning et al., 2004; Zobaa et al., 2011).

Fig. 2. Intragranular kerogen porosity introduces a new component of effective porosity
not present in conventional reservoirs (Galford et al., 2013).

2. Geological setting

The Western Desert in Northern Egypt contains multiple active petroleum
systems, as indicated by Meshref (1990), with abundant source rocks rich
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in organic matter located within the extended rift basins, as noted by Katz
(1995).

The Upper Cretaceous rock units within the Northern Western Desert
can be categorized into three primary sequences: Bahariya, Abu Roash
(AR), and Khoman formations. The Abu Gharadig sedimentary basin’s
Cretaceous sequence averages approximately 2000 metres in thickness (Me-
shref, 1990). Within the Abu Roash (AR) formation, which includes shal-
low to deeper marine carbonates, there are observable alternating transgres-
sion and regressive stages. Dolomitized limestone exhibits fracture porosity,
while shale and sandstone intercalations contribute to the composition of
shallow deposits. The AR formation (Abdelmaksoud et al., 2019) is further
characterized by seven lithostratigraphic members (AR/G, AR/F, AR/E,
AR/D, AR/C, AR/B, and AR/A) spanning the Santonian through the Late
Cenomanian periods. During this period, the AR/G, AR/E, AR/C, and
AR/A members contain varying quantities of detritus, while the AR/B,
AR/D, and AR/F members are identified as clean carbonates (Bayoumi and
Lofty, 1989; Hantar, 1990; EGPC, 1992). Figure 3 illustrates the strati-
graphical column in the Northern Egyptian Western Desert.

AR/F source/reservoir rock was deposited during the Cretaceous. Re-
gional subsidence associated with Neo-Tethyan rifting occurred across the
North African margin during the Cretaceous/Cenomanian, the entire north-
ern African plate was subject to a marine transgression, which culminated
in the Turonian when a seaway connected Neo-Tethys to the South Atlantic
(Philip et al., 1993). AR/F limestones are thought to be the primary source
of rock in the western desert, according to researchers (Abdelmaksoud et al.,
2019). Figure 4 shows the regional isopach thickness map of AR formation
across the Western Desert showing basinal areas.

The Northern Western Desert displays a prevalence of faults oriented
along the ENE–WSW direction and a distinct pattern of faults aligned
NW–SE, signifying the impact of regional strike-slip activities and multiple
phases of rifting (Abd El-Aal and Moustafa, 1988). Within the Northern
Western Desert, there is a significant sedimentary sequence dating from the
Late Jurassic to the Early Cretaceous, shaped by two notable sinistral and
dextral shear tectonic events linked to the opening of the Atlantic Ocean.
These events involve the left lateral movement of Africa against Eurasia
in the Late Jurassic to Early Cretaceous, leading to the eastward displace-
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Fig. 3. Stratigraphic column of the Western Desert after (Schlumberger, 1972 and 1995)
which highlights the AR/F member.
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ment of Africa relative to Eurasia. Additionally, there was a right lateral
movement during the Late Cretaceous to Palaeocene, coinciding with the
opening of the North Atlantic Ocean, causing Africa to move westward
against Eurasia (Abd El-Aal and Moustafa, 1988).

Fig. 4. Regional isopach thickness map of AR formation across the Western Desert show-
ing Basinal areas (modified after Hantar, 1990).

The geological history and successive structural events during the Ter-
tiary, Cretaceous, and Jurassic periods contributed to the development of
EW and ENE-WSW trending faults and fractures in the Northern Western
Desert (Dolson et al. 2001).

3. Methodology

The methodology employed in this investigation (depicted in Fig. 5) incor-
porated the synthesis of formation evaluation and borehole images for three
wells, coupled with existing core data and thin sections. This comprehensive
approach aimed to analyse and interpret reservoir lithofacies, decipher po-
tential diagenesis effects, and particularly emphasize fracture identification.
Additionally, structural mapping was carried out on the available 3D seis-
mic data by combining seismic attributes such as edge detection, coherence,
and minimum curvature to identify fractures.
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Fig. 5. The general framework of the undertaken workflow in this study.

3.1. Seismic data analysis

The Egypt Upstream Gateway (EUG) conducted a comprehensive post-
stack volume, as illustrated in Fig. 1, encompassing the Eastern region of
the Egyptian Western Desert. This analysis served as a broader examination
of play potential and the interconnections among existing fields. Through
the integration of contemporary technologies such as image enhancement,
bandwidth extension, and data matching, the merged post-stack volume
revitalized numerous legacy datasets. By optimizing the bandwidth and
resolution of the enhanced seismic data, merging datasets, and ensuring
accurate matching of phase, amplitude, bandwidth, and reference datum
during the imaging process, a coherent and interpretable seismic data vol-
ume was generated.

The inherent structural features evident in time-structured maps reveal
the geological impact of local structural activities, mirroring the broader
regional structuring that influences nearby areas (Abu El-Ata, 1988). Uti-
lizing 3D seismic attributes proves highly effective in identifying faults and
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fracture zones that extend beyond the resolution of seismic measurements.
Seismic attributes are divided into two categories, namely physical and geo-
metrical characteristics (Sheriff and Geldart, 1995). In our context, evidence
from the geometrical seismic attribute, specifically variance, is employed to
guide the identification of both minor and major faults and fracture pat-
terns. This information can then be cross-referenced with the outcomes
of traditional interpretation, serving as a quality control measure to iden-
tify and rectify any potential human errors arising from the conventional
interpretation of seismic reflectivity.

3.2. Well-logging data analysis

Four well-logging data were available for our integrated analysis and qual-
itative interpretation, these wells logging include open-hole triple combo
(Gamma-ray, resistivity, density, neutron), sonic logs, mud logs, Borehole
micro-resistivity imaging, and nuclear magnetic resonance (NMR). Using
these downhole measurements, estimations of petrophysical properties like
porosity, water saturation, and Net pay have been made.

Triple combo logs with NMR and sonic data were used in the detailed
petrophysical analysis of the potential wells. The deterministic petrophysi-
cal analysis began with data quality control and progressed to the volume of
shale calculations, porosity computations (both total and secondary), wa-
ter saturation determination, lithology computation, and net reservoir and
net pay calculation. The standard evaluation is based on various literature
(Archie 1942; Schlumberger, 1972 and 1995; Dresser Atlas, 1982; Asquith
and Gibson, 1982; Crain, 1986; Rider, 1996; Krygowski, 2003).

Because of the effect of solid kerogen on the density log, which leads to
an overestimation of porosity, NMR data were used to correct the poros-
ity computed from the density log. While the hydrogen in kerogen has a
very fast relaxation time, it is undetectable by NMR logs. In our study,
we calculated kerogen volume using the difference between available NMR
porosity and density porosity (Steiner et al., 2016):

Vk =
ρm − ρl

ρm − ρk
−

φNMR (ρm − ρl)

HI (ρm − ρk)
, (1)

Vk is kerogen volume, ρm, ρl, and ρk are matrix, fluid, and kerogen densities,
and HI is the hydrogen index for fluid, φNMR is NMR porosity.
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In the absence of NMR data total organic carbon (TOC) needs to be
determined, two methodologies were used in our study:

a) ∆ log R methodology of Passey et al. (1990) based on using porosity
and resistivity measurements. This method assumes that in a water-
filled non-source rock interval, changes in porosity as measured by sonic
should be reflected by an equivalent change in resistivity and that any
deviation from this rule is due to the presence of organics which was
used to determine (TOC) based on the apparent separation between
the resistivity and porosity logs when properly scaled, the scaling of
curves will be 50 µsec/ft or 164 ∆sec/feet per one resistivity cycle.

∆ log R =
log10

(

RLLD
Rbase

)

+ (∆t−∆tbase)

164
, (2)

TOC = 10(2.297− 0.168 Lm)
·∆log R , (3)

RLLD is deep resistivity, ∆t is the slowness value from sonic, Rbase is
resistivity, and ∆tbase is the slowness value in non-source rocks. Lm is
the amount of level organic metamorphism.

b) Schmoker method (Schmoker and Hester, 1983) – KHC – Schmoker
method relies on the density measurement (due to the low density of
organics) to compute TOC:

TOC =
A

RHOB
− B , (4)

RHOB is bulk density, and A and B are constants that can be derived
by using a solver.

After the estimation of TOC, the volume of kerogen can be computed
by the following equation:

Vk = ρb
TOC

ρk
, (5)

Vk is kerogen volume, ρb and ρk are bulk and kerogen densities. The cor-
rected porosity can be computed by the following equation:

φc = φa − Vk φk , (6)

φc is corrected porosity, φa is apparent calculated porosity and φk is kerogen
porosity which is a function of the maturity of AR/F member.
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Borehole micro-resistivity images are regarded as one of the most effective
tools for determining fracture orientation and type. Fracture types are
classified according to the material used to fill the fractures and can be
divided into two categories: 1-conductive fractures and 2-resistive fractures,
the former are fractures filled with clay or water-based mud that invaded
open fractures and replaced oil or gas, whereas the latter are fractures filled
with cemented materials (e.g., anhydride, silica, and calcite). Previous work
published by (Luthi and Souhaite, 1990) illustrated the relationship between
the fracture aperture and measured excess current as the tool crosses the
fractures by the following equation:

W = c · A · Rm · b ·R 1−b
xo , (7)

where, W = fracture aperture in (mm), A = excess current (µAmm/v), Rm
= resistivity of mud (ohm.m), Rxo = flushed resistivity, while b and c are
parameters related to different tools (e.g., related to different acquisition
companies).

4. Results

The well-X was investigated using an image log where the image-based in-
terpretation reveals the existence of several open fractures (Fig. 6), which
in borehole images appear as conductive (dark-coloured) fractures because
drilling mud typically penetrates the fracture opening and forms a thin, con-
ductive sheet with a resistivity that is always lower than the resistivity of
the rock matrix surrounding it. There are two types of fractures discovered
in the well: bedbound fractures, which are short fractures that truncate at
bed boundaries, and continuous conductive fractures. Continuous fractures
typically have a higher degree of connectivity than bed-bound fractures,
which increases their permeability. Bed-bound fractures are always short in
length, small in height, and have a tiny aperture, whereas continuous con-
ductive fractures are always longer, higher in height, and larger in aperture.
When fractures are not filled with clays, calcite, or zeolites, the fracture net-
work forms the main conduits for fluid transmission and provides significant
storage volume for the fluid, so it can be inferred that this fracture zone
can act as a potential zone for hydrocarbon. Due to the scarcity of bore-
hole images in many wells in the Western Desert, we relied on conventional
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Fig. 6. Well logging layout with the processed static image displaying the presence of
conductive fractures in Well -X, A: Track-1: Depth in meter, track-2: Caliper and bit
size, track-3: Gamma-ray and computed gamma ray (CGR) which is gamma-ray without
uranium, track-4: Resistivity curves, track-5: Density, neutron, track-6: Photoelectric
factor, track-7: Processed static image.

well logging interpretation for fracture identification after calibration with
borehole images. It was found in Well-X (Figs. 6 and 7) that the fracture
zone is associated with:

1. High photoelectric factor (PEF) related to the presence of barite in mud.

2. Low flushed resistivity is due to the invasion of conductive mud.

3. High caliper reading due to invasion.

4. When compared to rock without fractures, the high intensity of open
fractures can result in a lower bulk density measurement, which corre-
lates with aperture size.

Several promising wells were petrophysical analysed for identifying po-
tential zones in AR/F member. It was mandatory to correct the effect of
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Fig. 7. Well-X: AR/F reservoir fracture characterization (orientation, distribution, and
frequency), based mainly on micro-resistivity images. Track-1: Depth in meters, track-2:
Caliper and bit size, track-3: Gamma-ray and computed gamma ray (CGR) which is
gamma-ray without uranium, track-4: Resistivity curves, track-5: Density and neutron,
track-6: Photoelectric factor, track-7: fracture density, track-8: processed static image,
track-9: fracture aperture, track-10: dynamic image, track-11: True dip.

kerogen during porosity computation to obtain a precise porosity for water
saturation computation. The porosity in wells with acquired NMR data
was corrected using the previously discussed equation (1); it can be seen in
Fig. 7 that the difference between porosity from the density log and porosity
from NMR is related to kerogen volume in the rock, which was later used
for correction of porosity computed from density. The predicted TOC from
the Passey method was much better compared to Schomker, we found good
agreement between the TOC predicted and actual TOC value in the blind
well-H, which was not used in prediction, as shown in (Fig. 8).

Figure 9 illustrates the petrophysical examination of well-X, indicating
potential hydrocarbons in the lower section of the AR/F Member. This zone
exhibits noteworthy secondary porosity, reaching 10%, a water saturation
range of 15 – 30%, and a substantial effective porosity of 20%, along with ob-
servable oil and gas indications. Identified as a fractured zone through bore-
hole image analysis, this zone displays elevated resistivity values with dis-
tinct resistivity differentials. The heightened resistivity is likely attributed
to the existence of kerogen and oil within fractures. This fractured zone
holds promise as a productive reservoir without the need for hydraulic frac-
turing.
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Fig. 8. Well-H: Well logging layout displaying the difference between NMR porosity and
density porosity with predicted TOC with two methods used.

Fig. 9. Well-X: Petrophysical interpretation layout. Track-1: Depth in meter, track-2:
Caliper and bit size, track-3: Gamma-ray and computed gamma ray, track-4: Resistivity
curves, track-5: Density and neutron, track-6: Photoelectric factor, track-7: Porosity and
secondary porosity, track-8: water saturation, track-9: Lithology obtained from lithology
computation, track-10: Zonation.
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Well-Y is in the same field as Well-X shows that it has a very low sec-
ondary porosity density compared to Well-X, implying that its quality is
inferior to Well-X. Unfortunately, it doesn’t have a borehole image for frac-
ture characterization, but from the well logging pattern, it seems that it is
tighter compared with Well-X. High resistivity is related to the presence of
kerogen, which leads to low water saturation.

Well-Z petrophysical interpretation (Fig. 10) shows a porosity range of
4 to 10%, a water saturation range of 15 to 30%, minor secondary porosity
detected, and oil and gas show in the lower zone. Furthermore, the presence
of kerogen could explain the high resistivity. Because of the high relative
permeability of oil to water, the interval between 3012.5 and 3015 metres

Fig. 10. Well-Z: Petrophysical interpretation layout. Track-1: Depth in meter, track-2:
Caliper and bit size, track-3: Gamma-ray, track-4: Resistivity curves, track-5: Density
and neutron, track-6: Photoelectric factor, track-7: Porosity and secondary porosity,
track-8: water saturation, track-9: Lithology obtained from lithology computation, track-
10: Zonation.
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Fig. 11. TWT Structure contour map on the top of AR/F in the East Ras Qattara area
to see the fault distribution and their relation with increasing fracture intensity in the
study wells.

may have an annulus resistivity effect. The medium resistivity is the lowest
because formation water moves faster from the flushed zone to the medium
zone than oil.

The petrophysical evaluation for the evaluated wells proved that AR/F
has an encouraging potential for hydrocarbon productivity. The results
were integrated with the seismic interpretation (Figs. 11, 12, 13, 14, and
15) for the cretaceous levels and structure contour maps (obtained from
seismic data analyses) to see the fault distribution and their relation with
increasing fracture intensity in the studied wells. H and Z wells are very
close to Cretaceous-oriented faults NW–SE (Figs. 11, 12, and 13), which
justifies increasing the fracture intensity in well log analysis. Many seismic
attributes analyses were performed on the top of the AR/F reservoir like
variance maps (Fig. 13) for illustrating the fracture distribution in the study
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Fig. 12. Blank (a) and interpreted (b) SW–NE Seismic line passing through Well-Z in
the East Ras Qattara area to see the fault distribution and their relation with increasing
fracture intensity in the study wells.

area and linking the image results with seismic and well log data analyses.
Figure 12 represents the seismic interpretation for the cretaceous levels to
confirm the fracture zones around the study well and design production and
development strategies.

5. Discussion

Our examination of the Upper Cretaceous AR/F reservoir within the Egyp-
tian basins aligns with the conclusions drawn by Farrag and Mahmoud
(2022) and Osman et al. (2022). The AR/F member exhibits significant
hydrocarbon potential, with fractures crucial in enhancing permeability and
porosity in carbonate rocks. These fractures act as pathways for hydrocar-
bon migration and accumulation while also creating secondary porosity and
storage capacity for hydrocarbons.
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Fig. 13. Location Map (a); Variance map (b) on the top of the AR/F reservoir which
displays the orientation of the main faults and fracture networks in East Ras Qattara
concession.

Fractured carbonate reservoir (ex. AR/F member) occurs in various ge-
ological settings, including faulted and folded regions, rift basins, and car-
bonate platforms. Fractured carbonate reservoirs, such as those found in
the Ghawar field in Saudi Arabia and the Permian Basin in the United
States, are known for being among the largest and most productive oil and
gas fields globally.

In the Egyptian Western Desert, AR/F reservoirs contribute significantly
to hydrocarbon production in several fields, such as East Ras Qattara and
El Fayum concessions.
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Fig. 14. Magnified TWT Structure contour map from the location map (El Fayum Con-
cession) on the top of the AR/F reservoir in the area of Well-X to illustrate the fracture
distribution around the Well-X area.

6. Conclusions

This work focuses on a comprehensive analysis that utilized a combination
of seismic and geological data to delineate the hydrocarbon potential in the
fractured Upper Cretaceous AR/F reservoir. This reservoir is characterized
structurally by attached fractures to the NE–SW trending folds intersected
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Fig. 15. Blank (a) and interpreted (b) S–N Seismic line passing through Well-X in the
Fayum area.

by NW–SE fault trends, offering 3-way closures bounded by nearby exten-
sional faults that present promising exploration opportunities. The study’s
key findings are represented as the following:

• Borehole images unveil a discernible correlation between different fea-
tures, fractures, and disruptions in seismic amplitude, as observed in
the variant seismic cube. This correlation facilitates the identification of
regions with a high density of fractures.

• The AR/F reservoir exhibits significant potential in various wells, and it is
recommended to test these wells to unlock the unconventional reservoir’s
potential in Egypt.

• Borehole imaging is strongly recommended for future wells in the study
area.
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