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Abstract

Different parts of the Lower Cretaceous Alam El Bueib (AEB) and the Jurassic Khatatba source and reservoir rock
units in the Faghur basin, like in other basins in the north Western Desert, act as hydrocarbon sources and reservoirs.
In the present study, well-log data from five wells in Phiops field and geochemical data from the Neith S-2X well from
the neighbor Neith field together with reflection 2D seismic data of thirty (30) lines have been utilized to evaluate the
Jurassic-Lower Cretaceous petroleum system in the Faghur basin and to give evidence for future hydrocarbon explora-
tion and development in the study area. Source rock evaluation shows that several units from both Alam El Bueib and
the Jurassic Khatatba shale source rocks represent good source rocks. Total organic carbon (TOC) values of the studied
units of Alam El Bueib shale source rocks range from 0.27 to 6.39 wt.% that reflect fair to very good source rock, while
Toc value for the Alam El Bueib-6 shale source rock is 2.52 wt.% that indicates a very good source rock. These units
are characterized by type (III) kerogen, reflecting their ability to produce gas with minor oil. On the other hand, the
characterization of the Khatatba shale source rocks indicates a very good to fair organic richness and a type (III) kerogen
with an input of type (II) as well, which appears their ability to generate gas with minor oil. Most of Alam El Bueib
and Khatatba shale source rocks are found to be in the mature stage. Petrophysical evaluation indicates four definite
reservoir units from the Alam El Bueib reservoirs (Alam El Bueib-3D, Alam El Bueib-3E, Alam El Bueib-3G, Alam El
Bueib-6) and the Khatatba reservoir. Values for the net reservoir, hydrocarbon saturation, and water saturation indicate
that these units represent very promising reservoirs in the studied Phiops field in Faghur basin. Local intra-formational
shale intervals most probably seal these reservoirs in the AEB and carbonate interval of the Masajid Formation in the
Khatatba Formation. Moreover, analysis and interpretation of the 2D seismic lines showed that both structural and strati-
graphic traps dominate. Integration of geochemical, petrophysical, and seismic results, in light of available geological
information, indicates a complete Mesozoic petroleum system in the Faghur basin.
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Introduction

Among other potential sedimentary basins in the north
Responsible Editor: Zakaria Hamimi Western Desert of Egypt, Faghur basin represents one of
them (Fig. 1) (EGPC 1992; Dolson et al. 2001). The Western
Desert of Egypt contains probably 90% of undiscovered oil
reserves and 80% of undiscovered gas reserves (Zein El-Din
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Fig. 1 Location map of the study area and the location of used five wells in Phiops field, Faghur basin, north Western Desert, Egypt

N and 30° 34’ 24"N and longitudes 26° 03’ 00" E and 26°
05' 00" E (Fig. 1).

Geological setting

The stratigraphic and structural settings of the North-West-
ern Desert of Egypt have been the subject of considerable
research (e.g., Shata 1953; Shukri 1954; Sigaev 1959; Amin
1961; Said 1962; Kostandi 1963; El-Shazly 1977; Meshref
et al. 1980; El-Ayouty 1990; Hanter 1990; Kerdany and
Cherif 1990; Carlos et al. 2001; Zein El-Din et al. 2001;
Abdou et al. 2009; El-Khadragy et al. 2010; Shalaby et al.
2013).

The stratigraphic section in the North-Western Desert
(Schlumberger 1995) ranges in age from Pre-Cambrian base-
ment complex to Recent (Fig. 2). The sedimentary section
has been subdivided into three sequences based on lithology:
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).
The Alam El Bueib Formation, on the other hand, con-
sists of fine to coarse-grained sandstone with siltstone and
subordinate gray shale (EGPC, 1992). It has a quite thick
sequence that is subdivided into six units from bottom to
top as 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.
The Alam El Bueib-3 unit itself was subdivided further into
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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).

Most of the basin-bounding faults in the North-Western
Desert strike E-W to ENE-WSW, parallel to the old Neo-
tethyan continental margin to the north. NNW-SSE to NNE-
SSW trending structures are also present and result in com-
plicated regional basin geometries (Bosworth et al. 2015).
The subsurface of the North-Western Desert is described by
a complex system of Mesozoic rift basins that cover an area
of around 200,000 km? (Hantar, 1990; Sehim 1993; Bos-
worth et al. 2008; Dolson et al. 2014; Bosworth et al. 2015).
These basins compose a series of various discrete E-W to
ENE-WSW and NE-SW-oriented half-graben basins (Fig. 3)
that were started in the Jurassic and incessant subsidence
during the Cretaceous, such as the Abu Gharadig, Alamein,
Faghur, Matruh, and Shoushan basins (Sultan and Abd 1988;
Emam et al. 1990; Taha 1992; Moustafa 2008; Bevan and
Moustafa 2012; Bosworth et al. 2015).

Materials and methods

In this study, well-log data from five wells (Phiops-1X,
Phiops-2X, Phiops-6X, Phiops-8, and Phiops-9) have
been used to evaluate the petrophysical properties, includ-
ing effective porosity, shale volume, net sand, net pay, and
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Fig.2 The stratigraphic section
in the northern Western Desert GENERALIZED LITHO-STRATIGRAPHIC
(Schlumberger 1995) COLUMN OF WESTERN DESERT
AV.
E AGE FORMATION LITHOLOGY [figk- Env.
PLEISTO.-QUATERN | KURKAR =
o PLIOCENE Fm. SELHAVMAM[S DS
MARMARICA/GIARABUB ['SAM |
6 MIOCENE I%'G’E’B’E’LZ Z_MAMURA s —— | s:-r:n
N AHMAR WOGHRA 2 QABEL ST
e
O| OLIGOCENE GHOROUD Fm. E
= =DABAA Fm. ¢
u
8 EOCENE [m|GUINDIFm. Lo !
=1 or
- L|APoLLONIA _THEBES SHM
PALEOCENE Fm. ESNA Fm.
MAASTRICHT [
CAMPANIAN KHOMAN Fm. : oM
SANTONTAN =
CONIACIAN [~ £ (K GHORAB ™ W) =l 0
o £ RAMMAK Mo S F
= 23 (U 7
o [BHEONIANE] <= MASWAG _ mb [
» |5 £ [F MANSOUR mb
=) G _ABYAD _ Mb e
Q CENOMANIAN| BAHARIYA MEDEWAR 0
Q - s > b SHM
E ALBIAN g KHARITA Fm. TO.
O| x = DAHAB Frm. Shitt
o) O | x| APTIAN = 50L-SHM
N L & Lo
o |3 =
BARREMIAN [—| F
n — HAUTERIVIAN| > 220
Ll E SHM I,
= VALANGINIAN| &
BERRIASIAN :
Ul
UP TO[ -sHM!
JURASSIC  |M| a0l EL NATRON & 1:400 [
L z Fm.
iz EGHI Fm v i
TRIASSIC |m|E (BAHREIN) 300 |
Lz 500
O PERMIAN ?
= ROD EL HAMAL] e
O| CARBONIFEROUS | g1 FGR E6GMAN 200 NSH-G
N VONIAN U | 3 [oesouo = BLIAT o0 SHM |
I.Io.l DEVRNS 2| ZATUN[TADRART | (S
| SILURIAN 5| 2SR ACAcus F.M
£ 800
E CAMBRIAN-ORDOVICIAN |3 | shipan| GARGAF
[ PRE-CAMBRIAN CRYSTALLINE BASEVENT [NEAENEERS
[E2ZZ=5] COARSE CLASTIC ANHYDRITE [7 SOURCE ROCK C CONTINENTAL OM OPEN MARINE
FINE CLASTIC A CHERT THICKNESSES ~ F FLUVIATILE ®  OILFIELD
F=—"T71 LIMESTONE CRYSTALLINE SHOWN INM. D DELTAIC #  GASFIELD
DOLOMITE —  CGNAE * REEFAL L LAGOONAL ~  OIL SHOW
LITHOLOGY OF , Ss=Sandstone ©® ooLITIC NSH NEAR SHORE =  GAS SHOW
PRODUCING ( Im=Limestone SHM SHALLOW MARINE
RESERVOIRS Dol=Dolomite

hydro-carbon saturation for Alam El Bueib reservoir units
(Alam El Bueib-3D, Alam El Bueib-3E, Alam El Bueib-3G,
and Alam El Bueib-6) and Khatatba reservoir. Geochemical
data were made possible from the Neith S-2X well from the
neighbor Neith field within the Faghur basin as there is no
geochemical data available for wells from the present Phiops
field (Fig. 4).

Geochemical data analysis of the present Alam El Bueib
shale source rock units (Alam El Bueib-1, Alam El Bueib-2,
Alam El Bueib-3A, Alam El Bueib-3C, Alam El Bueib-3D,
Alam EI Bueib-3G, and Alam El Bueib-6) and Khatatba
shale source rocks included measurements of total organic
carbon (TOC), hydrogen index (HI), oxygen index (OI),

vitrinite reflectance (%Ro) to predict hydrocarbon matu-
ration, generation, and good source rocks. Reflection 2D
seismic section of 30 lines and well velocity survey were
also used for seismic interpretation to characterize the
stratigraphical and lithological boundaries of the rock units
and the structural setting including the type of controlling
traps. Then, building a log database to identify petrophysical
parameters (total thickness, total porosity, effective porosity,
shale volume, net sand, net pay, water saturation, and hydro-
carbon saturation) of Alam El Bueib (Alam El Bueib-3D,
Alam El Bueib-3E, Alam El Bueib-3G, Alam El Bueib-6)
and Khatatba reservoirs and then illustrate them on 2D maps
to identify the lateral variation, structural setting, reservoir

genetic potential (GP), maximum temperature (T,,,,), and  thickness, and proper locations for new productive wells.
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Fig.3 Mesozoic and Cenozoic
basins in the Western Desert
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and Sinai (EGPC 1992)
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Fig.4 Location map of Neith S-2X well, Neith field, Faghur basin, north Western Desert, Egypt
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Fig.5 Total organic carbon
richness (TOC) of Alam El TOC (Wt%)
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. 700 11 El Bueib-3D, and Alam El Bueib-3G) range from 0.27
§ oo | I'.I B to 6.39 wt.%, indicating fair to good source rock quality,
8 | //' with those from the Alam EI Bueib-6 shale unit which
3 o0 | E / is 2.52 wt.%, in particular, showing a very good source
< : ..' rock. These rocks are characterized by type (III) kero-
g-’a aco | 1! gen that can generate gas with minor oil (Figs. 5 and 6).
g E : On the other hand, TOC values of the Jurassic Khatatba
300 | ! ' shale source rocks show very good to fair organic rich-
' ness ranging from 0.41 to 30.09 wt.%.They are described
200 | E : by kerogen type (III) with an input of type (II) kerogen
> ! indicating that their ability to generate gas with minor
100 {58 ?, - ‘; S oil. The potential genetic values of Alam El Bueib shale
"o % ¢ ’0’: T, source rock units (Alam El Bueib-1, Alam El Bueib-3A,
o Alam El Bueib-3C, and Alam El Bueib-3D) and Kha-
0 20 oXy;eonomdex(:;(;Toc 200 250 tatba shale source rocks range from 0.35 to 4.62 mg/g
and 0.26 to 15.62 mg/g, respectively. This indicates that
$AEB-1 $AEB-3A ¢ AEB-3C . .
_AEB-3D ¢AEB-6 © Khatatba most of Alam EIl Bueib shale source rock units are poor
in genetic potential. The only exception is that the Alam

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

El Bueib-6 shale unit value is 2.81 that is considered fair
in genetic potential. Most of values of Khatatba shale
source rocks, on the other hand, belong to the range of
fair to very good source genetic potential (Fig. 7). The
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Fig.7 Genetic potential (GP)
of Alam EI Bueib and Khatatba GP (S1+S2)
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Tnax and vitrinite reflectance (%R,) values range from
409 to 450 °C and from 0.58 to 1.07% for studied Alam
El Bueib shale source rock units and from 363 to 454
°C and 1.02 to 1.09% for Khatatba shale source rocks,
respectively. This indicates that most of Alam EI Bueib
shale source rocks are in mature stage within the oil gen-
eration window, while the Khatatba shale source rocks
are mature inside the oil to condensate/gas generation
window (Figs. 8 and 9).

@ Springer

The reservoir rock

Reservoir parameters of the selected four Alam El Bueib
clastic reservoirs units (Alam El Bueib-3D, Alam El
Bueib-3E, Alam El Bueib-3G, Alam El Bueib-6) and
Khatatba reservoirs in the Faghur basin are illustrated
on iso-parametric maps such as shale volume, effective
porosity, net sand, net pay, water saturation, and hydro-
carbon saturation. These maps reveal that the central
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Fig.9 Vitrinite reflectance
(%R,) of Alam El Bueib and
Khatatba source rocks in Neith
S-2X well (after Waples 1985)

Table 1 Well-log parameters of the Alam El Bueib and Khatatba reservoirs in Phiops Field, Faghur Basin
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Well Reservoir Total Total Effective  Shale Gross sand  Netpay  Water saturation Hydrocarbon
thickness porosity  porosity volume  (ft) (ft) (S %) saturation (S;, %)
(ft) (%) (%) Ve %)
Phiops-1X Alam El Bueib-3D 149.0 15.2 12.8 7.6 18.0 17.5 23.7 76.3
Phiops-2X 148.0 17.9 17.6 1.7 11.0 6.5 44.0 56.0
Phiops-6 136.0 15.7 14.3 7.6 52.0 52.0 9.1 90.9
Phiops-8 139.0 144 13.2 10.1 6.5 5.5 349 65.1
Phiops-9 131.0 10.2 9.3 8.7 9.0 7.0 39.9 60.1
Phiops-1X Alam El Bueib-3E  122.0 154 13.6 5.8 71.0 71.0 10.5 89.5
Phiops-2X 126.0 17.7 16.5 5.0 83.5 56.5 20.2 79.8
Phiops-6 139.0 134 12.6 4.1 104.0 102.5 19.7 80.3
Phiops-8 129.0 159 15.3 4.6 36.5 6.5 35.8 64.2
Phiops-9 106.0 134 12.6 34 61.5 45.0 15.8 84.2
Phiops-1X Alam El Bueib-3G 159.0 13.5 11.9 5.2 68.5 57.0 20.4 79.6
Phiops-2X 154.0 15.2 13.4 6.6 104.0 12.0 51.1 48.9
Phiops-6 159.0 12.4 11.3 5.8 113.0 0.0 86.0 14.0
Phiops-8 173.0 12.9 12.0 7.2 98.5 49.5 14.2 85.8
Phiops-9 181.0 11.1 10.2 4.1 67.0 0.0 97.6 24
Phiops-1X Alam El Bueib-6  197.0 8.2 7.0 55 35 35 13.4 86.6
Phiops-2X 230.0 19.3 124 24.8 9.0 7.0 229 77.1
Phiops-6 268.0 13.4 9.9 12.6 12.0 11.5 23.9 76.1
Phiops-8 229.0 9.6 8.8 9.0 112.0 5.5 7.8 922
Phiops-9 230.0 11.8 10.9 7.0 4.5 4.5 8.0 92.0
Phiops-1X Khatatba 575.0 12.7 10.4 11.3 25.0 25.0 15.8 84.2
Phiops-2X 554.0 143 13.0 9.9 40.5 335 25.5 74.5
Phiops-6 548.0 12.5 7.3 18.4 2.5 2.5 17.7 82.3
Phiops-8 642.0 13.5 12.8 7.4 7 7 9.8 90.2
Phiops-9 N/A
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parts of study area along the master fault are attractive
locations to drill more productive wells due to increase in
net gross sand, net pay thickness, and hydrocarbon satu-
ration with low shale volume and water saturation val-
ues; therefore, the studied reservoirs are of high-quality
reservoirs (Table 1) (Figs. 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39).
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Seal rocks

Different shale and compact limestone and dolomite beds
of Jurassic, Cretaceous, Eocene, and Oligocene ages rep-
resent efficient seal rocks in the northern Western Desert
(Vavraet al. 1992). In the study area, the Alam El Bueib and
Khatatba reservoirs are generally sealed by petrophysically
identified local intra-formational shale intervals within of
Alam El Bueib-3C, Alam El Bueib-3F, Alam El Bueib-6,
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Fig. 12 Shale volume map of 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°05'00°E
the Alam El Bueib-3G reservoir L . 1 . . L . )
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and Khatatba Formation and carbonate interval of the Masa-
jid Formation.

Traps

Interpretation of available 2D seismic lines indicates that
both structural and stratigraphic traps are present in the
Faghur basin. Close inspection of these lines indicates
that most traps are usually of structural type, consisting
mainly of faulted anticlinal features forming a horst block
in the area. A recognized master normal fault (Fault-1)

trending NE-SW seems to have formed in the Early Juras-
sic probably as a result of African plate movement and
was rejuvenated during the Cretaceous time to form horst
blocks with associated faults leading to entrapment of
hydrocarbon in the central part of the area (Fig. 40). This
trapping fault combination is quite remarkable in the way
that it has brought the shale layers of Alam El Bueib-3C,
and Alam El Bueib-3F against those of Alam El Bueib-
3D, Alam El Bueib-3G, and Alam El Bueib-3E sandstone
reservoirs. It also brought the Zahra shale and Masajid
limestone against the Khatatba reservoirs. The identified
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Fig. 14 Shale volume map of
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anticline trends along the northeast and southwest and Discussion and conclusion
was probably created due to the compressional force that
associated the Syrian arc movement in the Late Creta- Petroleum system is the main geo]ogic concept used to
ceous. On the other hand, stratigraphic traps are repre-  determine oil and gas resources and contains all geneti-

sented by lenses of sandstone unconformably overlain by cally related processes that control the significant processes
impermeable shale layers, as in the case of the Alam El  of generation, expulsion, migration, entrapment, and pres-
Bueib-6 reservoir. ervation of petroleum (Magoon and Dow 1994a, 1994b).
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Fig.16 Effective porosity map 26°03'00°E 26°03'30°E 26°04'00°E 26°04'30°E 26°05'00°E
of the Alam El Bueib-3E reser- L 1 . L L
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Analysis of present geochemical data and obtained per-
centage values of vitrinite reflectance (%R,) for both the
Alam El Bueib and Khatatba shale source rocks indicates
that most of these units are in the mature stage within
the oil generation window. Reconstruction of the thermal
and burial histories of the present Faghur basin (Fig. 41),
based on data from well Neith S-2X, indicates that the
Lower Cretaceous Alam El Bueib shale source rock units
are a mature source rock with good ability for generating
gas with minor oil. These rocks seem to have entered the
oil window during the Early/Late Cretaceous to Neogene

times especially for Alam El Bueib-3A, Alam El Bueib-
3C, and Alam El Bueib-6.

The Jurassic Khatatba shale source rocks, on the other
hand, seems to bear a mature source rock as it yielded a very
good to fair generating capability for gas with minor oil. It
started the oil window during Early Cretaceous to Miocene
times and formation of the condensate gas since Miocene
until now (Fig. 41).

The Jurassic Khatatba reservoir seems to have been
charged directly from the local intra-formational shale
intervals within this formation through a proposed
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Fig.18 Effective porosity map 26°03'00°E 26°03'30°E 26°04'00°E 26°04'30°E 26°05'00°E
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short-distance vertical migration along the fault plane,
then accumulated, and preserved in situ. These hydro-
carbons seem to have continued moving up charging the
Lower Cretaceous Alam El Bueib reservoirs. This is in
addition to the feeding related to the depocenter of the
Alam El Bueib shale source rock units, including the Alam
El Bueib-3A, Alam El Bueib-3C, and Alam El Bueib-6
shale rock units.

@ Springer

These processes when integrated with the above-men-
tioned interpreted geochemical, petrophysical, and seismic
results that confirm the presence of effective source rocks
and well-sealed reservoir rocks that are well trapped all
lead to the successful formulation of a complete petroleum
system in the Faghur basin during the Jurassic-Cretaceous
time. Oil companies working in the study area are therefore
invited to drill more wells in the central part of the area to
enhance hydrocarbon productivity.
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Fig. 20 Net reservoir map of the 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°05'00°E
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Fig. 22 Net reservoir map of the 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°05'00°E
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Fig. 23 Net reservoir map of the
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Fig. 24 Net reservoir map of
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Fig- 26 Net pay thickness map 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°0500°E
of the Alam El Bueib-3E reser- " . L . . . . . L
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Fig.27 Net pay thickness map 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°05'00°E
of the Alam El Bueib-3G reser- 1 . 1 . . . . . " .
voir in the study area ﬂ
r-4 @
= g
S g
=3 =
z ft
z w
8 S
E %
£ -2
=3 =]
& =
30
=z w
3 S
g <
o =1
« =
L _lo
:2 w
& 2
= =
5
© 15 =
200 400 600 800 1000m |
T T T T T T T T T
26°03'00°E 26°03'30°E 26°04'00°E 26°04'30°E 26°05'00°E

@ Springer



Arab J Geosci (2022) 15: 1465

Page 17 of 25 1465

Fig. 28 Net pay thickness map
of the Alam El Bueib-6 reser-
voir in the study area

Fig.29 Net pay thickness map
of the Khatatba reservoir in the
study area
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Fig.30 Water saturation map of 26°03'00°E 26°03'30°E 26°04'00°E 26°04'30°E 26°05°00°E
the Alam El Bueib-3D reservoir L . L . A . . . L
in the study area ﬂ
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Fig.31 Water saturation map of 26°03'00°E 26°0330°E 26°04'00°E 26°04'30°E 26°05'00°E
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Fig.32 Water saturation map of 26°03'00°E 26°03'30°E 26°04'00°E 26°04'30°E 26°05°00°E
the Alam El Bueib-3G reservoir L . L . A , . . )
in the study area ﬂ
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Fig. 34 Water saturation map
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of the Khatatba reservoir in the L . L . . . . . L
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Fig.36 Hydrocarbon saturation
map of the Alam El Bueib-3E
reservoir in the study area

Fig. 37 Hydrocarbon saturation
map of the Alam El Bueib-3G
reservoir in the study area
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Fig. 38 Hydrocarbon saturation
. 26°03'00E 26°0330°E 26°04'00E 26°0430°E 26°0500E
map of the Alam El Bueib-6 L . L . L . L . 1
reservoir in the study area ﬂ
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Fig.39 Hydrocarbon saturation
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Fig.40 Seismic line with inter-
preted/ constructed horizons in
a 2D window

Fig.41 The burial history and
hydrocarbon zones of Alam El
Bueib, Khatatba, and Paleozoic
source rocks in Neith S-2X well
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