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Abstract The present work aims to investigate the
reservoir characterizations of the Lower Cenomanian
Baharyia Formation by creating isoparametic maps to
calculate the petrophysical parameters and detect the
favorable parts for oil accumulations using the avail-
able well logging data. Baharyia Formation is one
of the main hydrocarbon sandstone reservoirs in the
northern Western Desert of Egypt. About 90% of the
Western Desert field produces form Baharyia sand-
stone Formation. This has been achieved through the
analyses of the conventional wireline logs and petro-
physical modeling. The Baharyia Formation com-
prises a complex of depositional lithofacies such as
interbedded siltstone, shale, sandstones and pebbly
sandstones. Petrophysical modeling of the Baharyia
Formation was performed, based on the interpretation
of complete wireline logs from five wells in Razzak
oil field, north Western desert, Egypt. Petrophysical
analysis accomplished, such as: shale volume, total
and effective porosities, water saturation and hydro-
carbon saturation, were deduced and utilized in the
petrophysical subdivision of the Baharyia Formation.
Relations between theses petrophysical parameters are
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established to define the implications of such param-
eters on the Baharyia Formation. Iso-parametric and
litho-saturation crossplots are used to delineate varia-
tions in petrophysical parameters across the area. The
obtained petrophysical results reveal that, the Baha-
ryia Formation have a good reservoir quality, with
high effective porosity values exceeding 18%,volume
of shale about 30% and low water saturation values of
25%. The rock genetic types of the Baharyia Forma-
tion deduced form the log curve shapes proved that
the Baharyia Formation was deposited from fluvial to
marine environments passing through the tidal flood
plain conditions. However, the lithology of the Baha-
ryia Formation composed of sandstone, siltstone,
shale and minor limestone inter-beds.

Highlights

e Baharyia sansdtone formation on of the most
important reservoires in the Western Desert.

e The Petrophysical evaluation reveals good results
of the ability Bahrayia Formation to produce oil.

e The fault framework are NW-SE and WNW-ESE
normal faults.

o The pertoluem trap is an anticline trends NE-SW
of the Cretaceous era.

Keywords Petrophysical model - Baharyia
formation - Razzak field - Western desert
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Fig. 1 Location map of the study area

1 Introduction

The study area is located at the north of the Western
Desert of Egypt, about 150 km southwest of Alexan-
dria (Fig. 1). It is lied between latitudes 30°24’ and
30°36’ N, longitudes 28°24' and 28°36' E. The Raz-
zak field is a part of the Alamein basin, which is an
ENE-WSW oriented basin, in the form of NNW-SSE
tilted fault blocks. The Early Cenomanian Baharyia
Formation was deposited conformably on top of the
Albian Kharita Formation and is located stratigraphi-
cally below the Late Cenomanian—Turonian Abu Roash
Formation. The contact between the Abu Roash and
Baharyia Formation is easily recognized by the abrupt
change in lithology, from clastic to non-clastic carbon-
ate facies (Bosworth 1994). Petrophysical modeling is
important for enhancing reserve estimation, determin-
ing future field development, placing additional wells,
and predicting reservoir production (Abdel-Fattah
et al. 2018). Reservoir models are constructed using
available geological and geophysical data such as well
logs, core, and seismic data. A reservoir model is a
3D visualization of the subsurface and includes hori-
zons, zones, faults, and grid properties such as facies
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and petrophysical parameters. Remarkable variations
of the petrophysical parameters are illustrated through
the petrophysical model, exhibiting uniform and irregu-
lar changes of the stratigraphic features, and abrupt and
irregular changes of the structural setting affecting the
area.

2 Geologic setting

The northern Western Desert of Egypt represents,
part of the unstable shelf of Northern Africa. It has
been subjected to different tectonic regimes since
the Paleozoic time, these have resulted in the con-
struction of many sub-basins, faults and folds (Han-
tar 1990). The most predominant structural trends
in the northern Western Desert of Egypt are the
NW-SE to WNW-ESE related to the Early Creta-
ceous rifting of the relative motion of Africa with
respect to Eurasia, based on the reconstruction of
seafloor spreading data (Guiraud and Bosworth
1997). Jurassic rifting led to the development of
NE-SW, NNE-SSW and ENE-WSW oriented
normal faults and thickening of the Jurassic rocks
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against these faults, resulted from a stress pattern,
which related to the opening of the North Atlantic
ocean from Turonian times (90 Ma) to Paleogene
(60 Ma). Also, strike-slip faults are present related
to the lateral movement of the African plate sinis-
tral during the Jurassic and dextral during the Late
Cretaceous (Sultan and Halim 1988). Folds trends
of NE-SW are related to compressional move-
ments, which affected the area during the Late Cre-
taceous—Early Tertiary that related to the movement
of the North African plate toward Europe. It resulted
in the elevation and folding of major portions of the
north Western Desert along an ENE-WSW trend
Syrian arc system (Bosworth et al. 1999). Large-
scale, northeast-trending asymmetric folds and
associated extensional faults related to the Late
Santonian shortening event corresponds with, the
compression that swept across the entire African
plate, coeval with a significant change in the poles
of opening of the North Atlantic. This "Santonian
event" is a prominent example of the role that, far-
field compressional stresses, that induced inverted
folds which, dissected by transverse (NW-oriented)
normal faults. These folds and tilted fault blocks of
the Jurassic/Cretaceous rifting form the main struc-
tural traps of the northern Western Desert (Moustafa
1988). (Fig. 2) shows the main stratigraphic units of
the northern Western Desert of Egypt. Thicknesses
of the encountered rock units in the north Western
Desert increase towards the northeast, where four
major sedimentary cycles occurred, with maximum
and southward transgressions during the Carbon-
iferous, Late Jurassic, Early and Late Cretaceous,
Middle Miocene and Pliocene times. Maximum
and northward regressive phases occurred during
the Permo—Triassic and Early Jurassic, and contin-
ued till the Early Cretaceous. Again during the Late
Eocene to Oligocene, with a final phase in the Late
Miocene times. Source rocks of the north Western
Desert are typically expressed by the shales accom-
panied with the transgression of the Upper Jurassic
and Upper Cretaceous carbonates (Moustafa 2008).
The Mesozoic source rocks include oil and gas-
bearing formations, from the Middle Jurassic (Kha-
tatba Formation). Reservoir rocks are composed of
sand and limestone belongs to Lower Cretaceous
(Alam El Bueib Formation) and the Upper Creta-
ceous (Baharyia and Abu Roash formations).Seal
rocks are composed of shales, compacted limestone

of Jurassic, Cretaceous, Eocene and Oligocene age.
The Khatatba and Alam El Bueib formations have
their own internal seals. The shales of the Abu
Roash "G" Member represent the top seal above
the Baharyia Sandstone reservoir. Traps are mainly
of the combined stratigraphic-structural traps (EL
Saharawi et al. 1992). Early stage of hydrocarbon
generation during the Late Cretaceous for the AEB
and Khatatba formations while the hydrocarbons
migrated toward the Cretaceous source rocks after
the Alpine tectonics, hydrocarbon accumulation and
entrapping are tilted fault blocks and inverted fault
and fold traps (Sarhan 2017).

3 Well logs data

The available well data for the present study that
acquired by Khalda Company (KPC), are five wells
(ERZK-15X, ERZK-100X, ERZK-115 X, ERZK-
98X and ERZK-180X) in the form of check shot sur-
vey and well log data (Fig. 1), including gamma-ray,
resistivity, sonic, neutron and density. These are used
for the identification of lithologies and fluid types
as well as the determination of shale volume, total
and effective porosities and water and hydrocarbon
saturations.

4 Petrophysical analysis
4.1 Shale volume

Shale volume calculation is crucial for the discrimi-
nation between reservoir and non-reservoir rocks.
Gamma-ray, resistivity, neutron and neutron-density
logs were used to calculate the shale volume. Neu-
tron-density crossplot, as well as the shale volume-
porosity crossplot were applied, the volume of shale
of Baharyia Formation ranges from 40 to 60%.

4.2 Porosity

Neutron, density and sonic logs are commonly used
in the calculation of pore volume within the rocks.
Neutron log is directly related to fluids fully occupy-
ing the pore space (porosity), where the porosity of
Baharyia Formation ranges from 17 to 20%.
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4.3 Fluid saturation

Indonesian equation is one of best models to esti-
mate SW in shaly rocks (VSH>O0) and it serves for
the shale effect in its first part and for the clean for-
mation effect (Archie’s term) in the second part,
water saturation (Sw) of Baharyia Formation ranges
from 36 to 48%. While (Sh) hydrocarbon saturation
reaches 52% to 64% by using the following equation:
Sh=(1-Sw).

5 Rock genetic types

The shapes of well log curves is a basic tool, to
interpret depositional faceis, especially gamma-ray,
because log shapes is related to grain size of rocks
(Selley 1978) Fig. 3. Recognizing the detailed rock
genetic types in Baharyia Formation, using the log
curve shapes of the gamma-ray log technique, facies
analysis and reconstruction of facies patterns were
performed, using the log curve shapes interpretation.
The constructed vertical profiles of two borehole logs
(ERZK-100X and ERZK-15X) data against the litho-
logic intervals of the Baharyia Formation define the

depositional history and the different prevailing rock
genetic types. Three main rock genetic types were
recognized indicating deltaic sedimentation. Distribu-
tary channel fill Fig. 4 Stream mouth bar deposits and
fluvial flood plain Fig. 5. Generally, the rock units are
representing lower deltaic plains and deltaic fringes
sediments, respectively.

After studying the gamma ray log curve shapes
of the mentioned wells, there is a variation in depo-
sitional facies in each well, reflecting the paleo-
depositional environment of the Baharyia For-
mation. ERZK-100X well genetic types had two
depositional facies, according to the gamma-log
from measured depth from 1800 to 1825 m, takes
cylindrical shape, reflecting distributary channel fill
depositional environment, serrated gamma-ray log
curve shapes form 183 to 1850 m related to fluvio-
marine depositional environments. ERZK-15X well
genetic types had two depositional facies, accord-
ing to gamma ray log curve shapes, funnel shape
from 1920 to 1940 m, reflecting stream mouth bar
deposits and serrated shape from 1940 to 1980 m,
exhibiting fluvio-marine depositional environments.
Well log analysis performed of the Baharyia Forma-
tion is found to consist of sandstone cemented by
argillaceous and/or calcareous materials, siltstone,
shale and minor limestone inter-beds. The Baharyia

Cylindrical Funnel Bell Symmetrical Serrated
GR-> GR-> GR-> GR-> GR->
A A
H’our Saw
] Teeth
Aggrading Prograding Retrograding Prograding & Aggrading
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distributary channel-fill, mouth bar, delta front, tidal point bar, deep- R *ed offst storm-dominated
submarine c-nyoa-ﬁl_l. shoreface, submarine X tidal <h-nud—ﬁl: B Irase shelf, -n-d distal
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Fig. 3 General gamma ray response (Cant 1992)
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reservoir is newly subdivided into three main zones
according to the careful correlation of the log
responses of the available logs; an upper shale-silt-
carbonate lithofacies, a middle sand-silt lithofacies
and a lower shale-silt lithofacies. These lithofa-
cies form discontinuous bodies through the studied
wells. Lateral and vertical facies changes within the
Baharyia reservoir are noticed. Depositional facies
are represented by continental fluvial to marine
facies passing through the tidal flood plain condi-
tions. (Moustafa 1988).

@ Springer

6 Litho-saturation cross plots

The litho-saturation crossplots of ERZK-15X and
ERZK-180X wells show the vertical variation in
the petrophysical and lithological properties within
the Baharyia Formation (Figs. 6 and 7). ERZK-15X
well shows a total gross thickness of the Baharyia
Formation of 195 m, net sand about 115 m, a total
porosity of the Baharyia Formation ranging from
0 to 25% with an average value of 14.48%, while
the effective porosity ranges from 0 to 20%, with an
average of 12.58%, the volume of shale is 50% and
water saturation is 55%. ERZK-180X well shows
a total gross thickness of the Baharyia Formation
280 m, net sand about 180 m, a total porosity of the
Baharyia Formation ranging from 0 to 28%, with an
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Fig. 5 GR cylindrical shape refer to mouth bar fill

average value of 17%, while the effective porosity
ranges from 0 to 20% with an average value of 15%,
volume of shale is 0% and the water saturation is
45%.According to well log evaluation of the Baha-
ryia Formation revealed changing of the different
petrophysical parameters is directly related to verti-
cal and lateral facies changes, there is a relationship
between porosity and depositional facies distribu-
tion (El Gezeery et al. 1972) the overall lateral and
vertical changes of the petrophysical parameters
are mainly related to changes in facies as the over-
all depositional model for the Baharyia Formation
is that of a tidal flat dissected by channels trending
South—North direction and passing seaward into
tidal shelf sands and muds.

7 ISO-parametric distrubition

According to the wireline log evaluation, iso-par-
ametric maps are constructed, to clarify the lateral
variation in petrophysical parameters of Baharyia
Formation these maps represent the concerned area,
which is defined by well locations.

7.1 Total thickness and net-pay map of Baharyia
formation

Figures 8 and 9 show the total thickness map and the
net pay map of Baharyia Formation, where the thick-
ness increases towards the middle part and decreases
toward the southern part. This represents the basin
depocentre at the middle part of the field and the
thickness fades away toward southern direction. The
Baharyia Formation attains maximum thickness
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Fig. 6 Litho-Saturation crossplot of ERZK-180X well

about 250 m at ERZK-180X well and minimum
thickness 100 m at ERZK-15X well. These, reflects
that southward uplifting and northward subsidence,
with remarkable NE-SW fault trend of the southern
region high.

7.2 Shale volume map

Figure 10 reveals the shale volume map of Baharyia
Formation, the shale volume increases toward the
northern direction and decreases at the middle. This
affects the effective porosity of the reservoir in the
north part and increases in the middle part. The maxi-
mum shale volume is detected at ERZK-98X well and
minimum shale volume at ERZK-180X well. This,
reflects continental shelf depositional regime in lit-
tle moving water with maximum depth 200 m in the
northeastern direction.

@ Springer

7.3 Sand volume map

Figure 11 exhibits the sand volume map of Baharyia
Formation, that increases in the middle parts and
decrease towards the north east direction, so effec-
tive porosity will give good results in the middle part.
The maximum sand distribution is detected at ERZK-
180X well and minimum sand distribution at ERZK-
98X well. These, reflects that sandstone deposited in
the middle part in a relatively low-energy restricted
marine setting.

7.4 Limestone volume map

Figure 12 shows limestone volume map of Baharyia
Formation, increases in the northern and southern
parts and fades towards the middle part. The maxi-
mum limestone distribution is detected at ERZK-
180X well and minimum limestone distribution
at ERZK-98X well. These, reflects that Baharyia
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Formation deposited in the northeastern in open
marine environment.

7.5 Matrix volume map

Figure 13 shows matrix volume map of Baharyia For-
mation, increases in the northern and southern parts
and fades towards the middle part. The maximum
matrix distribution is detected at ERZK-180X well
and minimum matrix distribution at ERZK-98X well.
These, reflects that Baharyia Formation matrix distri-
bution varies due to variation of depositional environ-
ments from fluvio-marine to relatively deep marine
environment.

7.6 Total and effective porosity map

Figures 14 and 15 shows total and effective porosity
maps of Baharyia Formation, increases in the western
parts and decrease towards the northeastern direction,
so best drilling results would be in the western direc-
tion. These, also, elucidate the eligible effect of struc-
tural activities in form of secondary porosity on the
implicated porosity regime.
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Fig. 16 Baharyia water Saturation map
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7.7 Water saturation map

Figure 16 shows matrix volume map of Baharyia For-
mation, increases in the northern and southern parts
and fades towards the middle part. The maximum
values detected in the eastern direction and minimum
values in the western direction. Theses indicates that,
the water saturation implications of the western parts
of the studied area are more potentials than its central
and eastern parts.

7.8 Hydrocarbon saturation map

Figure 17 shows matrix volume map of Baharyia For-
mation, increases in the northern and southern parts
and fades towards the middle part. The maximum val-
ues detected in the western direction and minimum
values in the eastern direction. Theses indicates that,
the water saturation implications of the western parts
of the studied area are more potentials than its central
and eastern parts.
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7.9 Permeability maps

Figures 18 and 19 shows both average absolute and
relative permeability’s of the Baharyia Formation, the
flow capacity of hydrocarbons has its highest values
in the western part of the studied area and increase
northward of the former unit and decreases eastwards.
This means that the reservoir permeability is a more
complex function depends not only the total water
saturation and effective porosity, but also on the inte-
grated conditions. Also, the average relative perme-
ability of the Baharyia Formation shows the highest
flow capacity in the western parts and lowest in the
eastern parts. These, reflects that, the comparable
variation of the conditions fullfilling the permeability
regime against water, with those of the other hydro-
carbon constitutes. (Abdine and Deibis 1972).

8 Petrophysical modeling

The calculated petrophysical parameters of the res-
ervoir (such as porosity, water saturation and net to
gross pay thickness) are distributed spatially in 3D
grid form. Facies modeling is a process in which,
facies can be distributed. It requires, a scale-up of
well logs as a pre-requisite and includes several log
types either continuous logs (porosity, permeability
etc.) or discontinuous logs (facies) Fig. 20. The inte-
gration of well logs and core is important in deter-
mining the lithology and paleoenvironment of the
subsurface. Channel sand facies including, sandstone

Fig. 20 Baharyia Forma-
tion facies model

Channel Sand
Flood Plain

Lagoonal mud

Marine Carbonates

and slightly argillaceous to slightly calcareous sand-
stone. The cross bedded and pebbly sandstones indi-
cates, a high energy tidal channel environment. The
presence of dark carbonaceous matter in the sand-
stone indicates, that these channels were near deltaic
to tidal flat mixed environments (Selley 1978). Flood
Plain Facies including, siltstone to argillaceous and
sandy siltstone. The silty mudstone indicates, depo-
sition in a mud flat setting. Lagoonal mud facies
including, shale and silty to calcareous shale. These
facies are represented by the carbonaceous mudstone
in the. It is related, to deposition in a low energy
marsh environment. Marine Carbonate Facies includ-
ing, limestone and dolomite indicate, deposition in a
marine environment. The effective porosity is calcu-
lated from neutron and density logs in each well and
it represents the actual storage capacity of the rock.

Fig. 21 Baharyia Formation petrophysical model
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The porosity of sandstone reservoirs of Baharyia For-
mation averages 10-22%.

8.1 Geologic model

Finally, after integration the constructed facies model
and effective porosity petrophysical model, a geo-
logic model established for the study area of the north
Western Desert. It’s obvious, that there is a remarka-
ble variations of petrophysical parameters of the illus-
trated geologic model, exhibiting uniform changes
representing stratigraphic features and abrupt changes
of the structural setting affecting the area. The strati-
graphic facies model of the Baharyia Formation for
the sand channels oriented in N-S to NE-SW direc-
tions and were, deposited in a lagoonal mud setting
affected by tides in a marine environment shows dif-
ferent facies settings (Fig. 21). The western direction
is dominated by fine to medium grained friable sand
with free kaolinite, which indicates deposition in a
continental to near-shore environment. This is fol-
lowed by deposition of siltstone and shale with free
pyrite in a marginal marine environment. Most of
the area has a mixture of fluvial, deltaic, and marine
facies (Othman and Metwalli 2000). The dominance
of marine carbonate facies to the east and sand facies
to west indicates. Sand facies are thin, ranging from
10 to 40 ft. Structurally the structure type is a three-
way closure, also termed faulted anticline, and three
structures are distributed, the major fault s down-
thrown to the north. There is a major anticline on
the large easternmost structure this anticline trends
NE-SW and is dissected by normal faults that are
downthrown to the north and south (Moustafa 2008).

. APOLLONIA
. ABU-ROASH

BAHARYIA

. ALAMEIN

Fig. 22 Geological model of the study area
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The trend of these faulted anticlines is most prob-
ably synchronous with the lower part of the Alpine
orogeny that produced the Syrian arc system of fold-
ing and dip-slip faulting (NE-SW) during the Mid-
dle Mesozoic to Late Mesozoic (Abu El-Ata 1988).
These types of structures are common oil and gas
traps in the northern Western Desert of Egypt (Sarhan
2017). Figure 22.

9 Summary and conclusions

The petrophysical properties of the Baharyia Forma-
tion in the study area have been evaluated, using a
complete wireline log suite extracted from five wells
(ERZK-15X, ERZK-100X, ERZK-115 X, ERZK-
98X and ERZK-180X). The lithologic distrubtion
predicted from log data exhibits the lithology of the
Baharyia Formation is dominated by sandstones
intercalated with calcareous shale. The petrophysi-
cal well log results volume of shale of the Baharyia
Formation ranges from 40 to 60%, porosity of Baha-
ryia Formation ranges from 17 to 20%, fluid satura-
tion ranges from 36 to 48%. Petrophysical relation-
ships was integrated, to predict the permeability from
porosity relationships for the two wells (ERZK-15X,
and ERZK-180X), permeability results in ERZK-
180X well is better than ERZK-15X well. The litho-
saturation crossplots of ERZK-15X and ERZK-180
wells show the vertical variation in the petrophysical
and lithological properties within the Baharyia For-
mation ERZK-15 well shows total gross thickness of
the Baharyia Formation of 195 m, net-sand of 115 m,
total porosity of the Baharyia sediments ranges from 0
to 25% with an average value 14.48%, while the effec-
tive porosity ranges from 0 to 20% with an average
value of 12.58%, volume of shale is 50% and water
saturation is 55%. ERZK-180X well shows the total
gross thickness of the Baharyia Formation of 280 m,
net sand about 180 m, the total porosity of the Baha-
ryia sediments ranges from 0 to 28% with an average
value 17%, while the effective porosity ranges from
0 to 20% with an average of 15%, volume of shale
is 0% and water saturation is 45%. In the meantime,
the spatial distribution of the weighted petrophysi-
cal parameters is also represented by a number of
iso-parametric maps. These maps illustrate, the res-
ervoir characterizations (net-pay thickness, net-gross
thickness, volume of shale, effective porosity, water
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and hydrocarbon saturation, and give better drilling
results at the middle part of the area, while the pro-
ductivity fades toward the northeastern and southern
direction and southwards. Building a 3D model is the
final result of seismic interpretation, well correlation
using available well log and core analyses. The pro-
cess of building a model is time consuming but can be
updated easily. Petrophysical model shows the struc-
tural type is a three-way dip closure, intervened by
faults, also termed faulted anticline. Also, three linear
structures (faults) are distributed, in which the major
faults downthrown toward the north. There is a major
anticline capped the large easternmost structure. This
anticline trends NE-SW of the Cretaceous and is dis-
sected by of NW-SE and WNW-ESE normal faults
of the Tertiary that, are downthrown majority to the
north and minority to the south. Facies modeling
showed multiple the stratigraphic facies model of the
channel sand facies including sandstone and slightly
argillaceous sandstone Baharyia Formation is estab-
lished for the sand channels oriented in the N-S to
NE-SW directions, Flood Plain Facies including silt-
stone to argillaceous sandstone lagoonal mud setting
affected by tides in a marine environment, showing
varying facies settings. The dominance of marine car-
bonate facies limestone and dolomite to the east and
sand facies to the west indicates sand facies.

Funding Open access funding provided by The Science,
Technology & Innovation Funding Authority (STDF) in coop-
eration with The Egyptian Knowledge Bank (EKB).

Declarations

Conflict of interest The authors declare that they have no
known competing financial interests or personal relationships
that could have appeared to influence the work reported in this

paper.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Abdel-Fattah MI, Metwalli FI, Mesilhi SI (2018) Static reser-
voir modeling of the Bahariya reservoirs for the oilfields
development in south Umbarka area, Western Desert.
Egypt J Afr Earth Sci 138:1-13

Abdine AS, Deibis S (1972) Lower cretaceous-Aptian sedi-
ments and their oil prospects in the Northern West-
ern Desert, Egypt. In: 8th Arab Petroleum Conference,
Algiers. No. 74 (B-3), p 17

Abu El-Naga M (1983) Paleozoic and Mesozoic depocent-
ers and hydrocarbon generating areas, Northern Western
Desert of Egypt.- 7 the EGPC Petrol. Expl. Prod. Conf.,
Cairo 23 p

Abu El-Ata (1988) The relation between the local tectonics
of Egypt and plate tectonics of the surrounding regions,
using geophysical and geological data. In: EGS proceed-
ings of the 6th annual meeting, Cairo, pp 92-112

Bosworth W (1994) A model for the three-dimensional evo-
lution of continental rift basins, north-east Africa. Geol
Rundsch 83:671-688

Bosworth W, Guiraud R, Kessler LG II (1999) Late Cretaceous
(ca. 84 Ma) compressive deformation of the stable plat-
form of northeast Africa (Egypt): far-field stress effects of
the “Santonian event” and origin of the Syrian arc defor-
mation belt. Geology 27:633-636

Cant D (1992) Subsurface facies analysis. In: Walker RG (ed)
Facies models, response to sea level changes. Geological
Association of Canada, St. Johns, pp 27-45

El Ayouty MK (1990) Petroleum geology. In: Said R (ed) The
geology of Egypt. A.A, Balkema, Rotterdam, pp 567-599

EIL Shaarawy OA et al (1992) Tectonic setting of the Razzak
oil field, north Western Desert of Egypt. Proceedings 11"’
E. G.P. C Petrol Explon Prod Conf 2:310-323

El Gezeery NH, Mohsen SM, Farid MI (1972) Sedimentary
basins of Egypt and their petroleum prospect. In: 8th Arab
petroleum conference, Algiers. No. 83 (B-3), p 13

Guiraud R, Bosworth W (1997) Senonian basin inversion and
rejuvenation of rifting in Africa and Arabia: synthesis
and implications to plate-scale tectonics. Tectonophysics
282:39-82

Hantar G (1990) North western desert. In: Said LR (ed) The
geology of Egypt. Balkema, Rotterdam, pp 293-319

Moustafa AR (1988) Wrench tectonics in the north Western
Desert of Egypt (Abu Roash area, southwest of Cairo).
Middle East Res Cent Ain Shams Univ Earth Sci Ser
2:1-16

Moustafa AR (2008) Mesozoic-Cenozoic basin evolution in
the Northern Western Desert of Egypt. In: 3rd symposium
on the sedimentary Basins of Libya (The Geology of East
Libya), vol 3, pp 2946

Othman AA, Metwalli FI (2000) Depositional model construc-
tion and paleoenvironmental scrutinization of Alam El
Bueib formation, Shushan Basin, Western Desert. Egypt
Al-Azhar Bull Sci 11(2):39-46

Sarhan MA (2017) Wrench tectonics of Abu Gharadig Basin,
Western Desert, Egypt: a structural analysis for hydrocar-
bon prospects. Arab J Geosci 10(18):399

Selley RC (1978) Elements of petroleum geology. Department
of Geology, Imperial College, London, pp 83-89

@ Springer


http://creativecommons.org/licenses/by/4.0/

63 Page 16 of 16 Geomech. Geophys. Geo-energ. Geo-resour. (2023) 9:63

Sultan N, Halim MA (1988) Tectonic framework of northern
Western Desert, Egypt and its effect on hydrocarbon accu-
mulations. Proceedings of the 9th Petroleum Exploration
and Production Conference, Cairo, 1988. Egypt General
Petrol Corp 2:1-22

Watkins C, Metters S, Fenton J, El Menshawy Z, Ahmed Z,
Yule J (2002) The sedimentology and stratigraphic frame-
work of the Baharyia Formation, Western Desert, Egypt.
In: Proceedings of the American Association of Petroleum
Geologists International meeting, Cairo, Egypt

@ Springer

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.



	Reservoir characterization, in relation to the petrophysical modeling of Baharyia formation, Razzak field, northern western desert, Egypt
	Abstract 
	Highlights 
	1 Introduction
	2 Geologic setting
	3 Well logs data
	4 Petrophysical analysis
	4.1 Shale volume
	4.2 Porosity
	4.3 Fluid saturation

	5 Rock genetic types
	6 Litho-saturation cross plots
	7 ISO-parametric distrubition
	7.1 Total thickness and net-pay map of Baharyia formation
	7.2 Shale volume map
	7.3 Sand volume map
	7.4 Limestone volume map
	7.5 Matrix volume map
	7.6 Total and effective porosity map
	7.7 Water saturation map
	7.8 Hydrocarbon saturation map
	7.9 Permeability maps

	8 Petrophysical modeling
	8.1 Geologic model

	9 Summary and conclusions
	References


