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Abstract

An extensive study of the NUBIA and MAT reservoirs, incorporating numerous data sources, enhances the accuracy of
production forecasts for hydrocarbon exploration and development. This study aims to integrate seismic and well data
for re-assessment and to delineate the geological and petrophysical characteristics of the October oil field which is one of
the most productive in the central Gulf of Suez, but it has recently witnessed a drop in output in some regions, and some
wells have begun to depletion. While facies modeling enabled the spatial distribution of lithologic facies inside the
constructed three-dimensional (3D) structural model, which reflected two types of facies: marine carbonates and lagoon
shale, petrophysical analysis described the whole distribution of petrophysical features. The incorporation of described
structures, horizons, and selected zones for 3D grid express northwest-southwest fault systems governs structural
modeling. This study focuses on the structural components of this vast field in order to update its structural model with
high-resolution 2D seismic lines and well logs. The discovered reservoir possesses favorable reservoir characteristics that
will increase hydrocarbon production in this field (low net pay, low effective porosity, low shale content, and high water
saturation). The structural set is assumed to be in charge of the October oil field's petrophysical discoveries and facies
distribution. The models demonstrate the effects of structural features and their control over the interpretation of res-
ervoirs' facies and petrophysical properties. The region is tectonically affected by a large normal fault (NE-SW) with
large displacement, followed by small normal and reverse faults that may be the reason for the presence of traps. The
extracted 3D structural model and cross-sections indicate faults in the region.
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1. Introduction

T he Gulf of Suez formed in the estimated 26
million-year-old, dormant Gulf of Suez Rift

basin. It is approximately 300 kg (190 miles) long
and finishes at the Suez Canal's entrance and the
Egyptian city of Suez. The Gulf's core is divided by
the African-Asian divide (Awni et al., 1990).
October Field is the largest oil field in the Gulf

of Suez Rift basin, draining over 8000 acres
(3238 ha) with 20 wells from five platforms in

about 190 feet (58 m) of water. It is the third-
largest oil field in Egypt, producing 378 million
barrels of oil from its discovery in 1977 until
January 1990. Successful field extensions in recent
years show that it is worthwhile to continue
exploring this oil-rich region (Lelek et al., 1992).
The tectonic and structural settings of the Gulf
have been studied recently employing various
geophysical tools including aeromagnetic data
(Zahra and Nakhla, 2016), integration of seismic
and petrophysical analysis (Gawad et al., 2021),
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and three dimensional (3D) seismic modelling of
complex structural reservoirs (Sercombe et al.,
2012; Khattab et al., 2023).
The rotating fault blocks that make up this struc-

turally confined field are common to all rift basins
globally. A northwest-trending normal fault with an
approximate throw of 4000 feet (1220 m) is trapping
an oil column that extends 1110 feet (335 m) on the
upthrown eastern side. The uplifted side's pre-rift
section from the Carboniferous to the Oligocene
slopes gently to the northeast. It is covered in clas-
tics, carbonates, and evaporites that are not uni-
formly flat from the Miocene to the Holocene. Thick
Miocene evaporites obstructing seismic character-
ization of the highly productive pre-rift area
providing severe and numerous issues. These same
evaporites provide the final seal in October Field
and throughout the Gulf of Suez. Approximately
95% of field reserves are found in the huge Nubia
Sandstones of the Carboniferous to Lower Creta-
ceous era, despite the fact that four levels are pro-
ductive (Halbouty, 1992).
The thick Miocene South Gharib and Belayim

layers provide seismic reflection multiples that
conceal the reflections of the underlying reservoirs
(Badri et al., 1999). The study site is in the Gebel El-
Zeit region, which is located on the Gulf of Suez's

southwest shore. The Ras El Ush oil field is 80 km
north of Hurghada City, 1.5 km east of the saddle
between the large Gebel El Zeit and the little Zeit
(Badri et al., 1999).
The aim of this study, October oil field suffered a

lack of production in some areas, in addition to
some wells that have begun to deplete, which
negatively affects the economic value of this field,
3D modeling helps to achieve the aim of the study
as follows:

(a) Enhance the estimation of the reserve's po-
tential and capability to make decisions.

(b) Create a new 3D structural model that high-
lights the key structural features associated
with the computed petrophysical analysis,
allowing for an evaluation of the geological
and petrophysical characteristics in the study
area.

(c) Identify new prospects based on 3D
modeling, petrophysical analysis, and the
petroleum system in the region.

To fulfill these objectives, twenty 2D seismic lines,
check shots, and well log data from four wells were
used for petrophysical analysis and to construct a
3D structural model (Fig. 1).

Fig. 1. Location map of the October oil field, Gulf of Suez, Egypt (left) (El-Gendy et al., 2017), illustrating the accessible seismic lines and studied wells
in the study area (right).
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2. Geological setting

2.1. Stratigraphic setting and structural setting

The tectonic evolution of the Gulf of Suez rift has
had a profound impact on sedimentation. There are
three recognized tectono-stratigraphic regimes: The
pre-rift megasequence, which is located over the
Pre-Cambrian basement, is made up of marine
mudstones and carbonates from the Palaeozoice
Eocene, Mesozoic mixed continental and marginal
marine strata (TriassiceCretaceous), and Palaeozoic

siliciclastics and volcanic (CarboniferousePermian)
(El-Tarabili and Adawy, 1972). During the early
Oligocene, there was uplift and erosion. Between
the late Oligocene and the Holocene, syn-rift and
post-rift sedimentation occurred, resulting in the
deposition of up to 3.5 km of marine and non-ma-
rine coastal sediments (El Sawi, 1985).
A sequence of significant extensional faults that

strike in an NNW-SSE direction and follow the
Clysmic trend define the Gulf of Suez. There are
also recognized minor crossfaults regulated by
basements (Patton et al., 1994; Montenat et al., 1998).

Fig. 2. Stratigraphy of the October oil Field, showing generalized lithologies and thicknesses (after Radwan et al., 2022). Abbreviations: AQT,
Aquitanian; BAR, Bartonian; BUR, Burdigalian; CEN, Cenomanian; CHT, Chattian; CMP, Campanian; CON, Coniacian; DAN, Danian; LAN,
Langhian; LUT, Lutetian; MAA, Maastrichtian; MES, Messinian; PIA is Piacenzian; PRI, Priabonian; RUP, Rupelian; SAN, Santonian; SER,
Serravallian; THA, Thanetian; TOR, Tortonian; TUR, Turonian; YPR, Ypresian; ZAN, Zanclea.
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Fig. 3. Gulf of Suez rift tectonic map (Moustafa and Khalil 2020).
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This fault has produced massive, widely spaced
(10e20 km) fault blocks with eroded crests, defining
the rift's cross-sectional structure (Farhoud, 2009).
The October field is situated around 25 km north

of the massive Belayim field. Its structure is made
up of several long, NE-dipping, NW-SE-trending
pre-Miocene faulted blocks that stretch for about
20 km along the strike (Zahran, 1986; EGPC, 1996).
Several significant normal faults that descend to the
west surround it to the west. Along with other
smaller, tipped fault-block compartments, the field
is split into two main blocks: the southern block and
the subordinate northern block. Sediments from the
Miocene and post-Miocene envelop the pre-
Miocene structure. This field's structural axis runs

parallel to October's. In contrast, the Ras Budran
field, located ~15 km to the northeast, constitutes a
distinct structural feature within the Gulf of Suez
due to its composition of faulted blocks that dip and
trend NE-SW (Chowdhary and Taha, 1987), as
shown in Fig. 3.

3. Dataset and methods

3.1. Dataset

Static reservoir modeling precisely defines the
reservoir's framework (geometry) and architecture
(property). The current study investigated reservoir
geometry (stratigraphy and structure) and petro-
physical properties using the available data, which
is: four wells with depth interval [GS196e1A
(414e12547 ft), OCT_Ae1ST1 (1032e13235 ft),
OCT_Ge11ST1 (8967e12031 ft), and OCT_Ae10
(6691e12188 ft)] whose importance lies in analyzing
petrophysical data for use in identifying lithology,
determining hydrocarbons, and making seismic-
well tie with interpreted stratigraphic tops and
twenty 2D seismic lines, check shots, and well log
data measured by GUPCO and rate of record
quarter meter (Table 1) (resistivity, SP, GR, density,
neutron, and sonic) (Fig. 4).

Table 1. Show the acquired wireline dataset company name, depth in-
terval, and rate of record.

1-Company name
Owner: GUPCO
2-Depth interval
GS196-1A: 414e12547
OCT_A-1ST1: 1032e13235
OCT_G-11ST1: 8967e12031
OCT_A-10: 6691e12188
3-The rate of recorded
Quarter meter

Fig. 4. Flowchart outlining the steps of the structural framework modeling.
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3.2. Seismic interpretation

The structural setting, which reflects the hydro-
carbon traps (El Redini et al., 2017; Ismail et al.,
2023), has a considerable influence on seismic data
interpretation. Several seismic sections were devel-
oped to better understand the geologic basis (strat-
igraphic and structural) of the October field.
There is a possibility that one or more of these

geologic formations are linked to the accumulation
of hydrocarbons. This reduces the likelihood of
drilling an unsuccessful exploratory well. As a
result, the seismic data interpretation strategy for
subsurface mapping is considered the most impor-
tant interpretation step for mapping hydrocarbon
structural traps.
The integration of seismic data with wireline logs

(Fig. 5), achieved through the use of a one-dimen-
sional synthetic seismogram, facilitates the identifi-
cation of seismic occurrences (reflections) that
correspond to geological formations, thereby
establishing a connection between individual
seismic reflectors and their respective stratigraphic
markers (Badley, 1985; Zouaghi et al., 2011; Abdel-
Fattah et al., 2015; Khan et al., 2019; Abdelwahhab
and Raef, 2020; Ismail et al., 2020a).
The following equation was multiplied with

density and sonic logs during the seismic-well tie
operation to determine acoustic impedance.

Z¼ꝬV ð1Þ

V¼
ffiffiffiffiffiffiffiffiffiffi�
E
Ꝭ

�s
ð2Þ

Where,
Z: acoustic impedance, V: acoustic velocity, Ꝭ:

density, and E: Elastic modulus.
Additionally, the results of the check shots survey

improved the seismic tying and well. Because
downhole data has a substantially larger frequency
(Paulsson et al., 2001).
Keeping this in view synthetic seismogram is

generated on minimum phase, Source depth 7.5 m
Ricker wavelet of 12e8 HZ, P/B ratio 16, Str. N10 m,
Peak-peak 120.4 barm, and normal polarity (In-
crease in impedance represented as peak) (Table 2)
to achieve best seismic to well tie. Once the data was
imported, the well logs were correlated to the
seismic data. This ties horizons within the well logs
and then correlates these to the seismic data using

Fig. 5. Synthetic seismogram of well GS196-1A was generated for perfect correlation and tie with seismic data.

Table 2. Show acquired seismic dataset company name, the type of
migration, and physical parameters such as phase, and polarity.

1-Company name
Owner: GUPCO (1992)
Contractor: Geo team exploration Ltd. SA Norway
2-Phase
Minimum phase wavelet
3-Polarity
SEG normal polarity
An increase in impedance represented as a peak
4-Type of migration
Prestack depth migration
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the checkshot information. This step was important
in ensuring that the well and seismic data were
accurately tied together for precise structural and
stratigraphic analysis (Khan et al., 2019; Ismail et al.,
2020b; El Dally et al., 2023) (Fig. 5).
Using Petrel software to pick and map formation

tops for source, reservoir, and seal formations,
THBES and BRLS were chosen as source forma-
tions. ASL, HAWARA, MAT, and NUBIA were
selected as reservoirs. SGH and BABA were chosen
as seal layers. Identified structural setting by
geological faults picking such as F1, F2, F3, F4, and
F5, which aid in the detection of traps that may exist
in the study area, as depicted in Fig. 6.
In the second stage (Fig. 4), after picking horizons

in time domain, create TWT structural contour
maps for reservoir formation tops MAT and NUBIA
(Figs. 7 and 8).
Applied the seismic phantom horizon interpreta-

tion approach in this study, which constructs a

horizon on a reflection profile by averaging the dips
of the reflections within a band. As a result, the dip's
tendency is apparent; however, it may or may not
coincide with a real boundary plane.
Creating a three-dimensional reservoir grid

model is a crucial intermediate step that has a big
impact on the geostatistics-based numerical simu-
lation and reservoir property modeling that come
next. The gridding method in geostatistical reservoir
modelling fundamentally establishes how to quan-
tify the reservoir's macroscopic homogeneity. When
applying geostatistics to logical grids, a grid with the
extreme and significant distortion can easily pro-
duce a distorted variogram, which can jeopardise
the accuracy and dependability of modelling pa-
rameters like pore permeability and sedimentary
facies Hoffman et al., 2006.
The pillar gridding ‘Key Pillars’ process generates

the structural model, and the grid provides a
framework for the modeling. Using Pillars to

Fig. 6. Line IL 1440 (a) before and (b) after picking horizon and fault (see the location in Fig. 1).
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construct fault planes in terms of length, form, azi-
muth, and dip in the 3D grid model and character-
izing the fault in the geological model. The pillar
gridding approach creates the structural model, and
the grid provides a foundation for modeling.
Geophysicists frequently utilize pillar grids, with

the corner point grid being the most prevalent type

(Fig. 9). In terms of fault position, the pillar that
directs the grid cells is parallel to the fault lines
(Thom and Hocker, 2009).
Finally, generate the 3D seismic model using the

picked horizons, faults, and TWT maps. The 3D
seismic model provides the foundation for
analyzing numerical models of reservoirs, physical

Fig. 7. Surface contour map of NUBIA formation.

Fig. 8. Surface contour map of Matulla formation.
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property simulations of reservoirs, and assessments
of mineral resources (Yao, 2008; Liu et al., 2010).

4. Petrophysical analysis

A model usually comprises the facies model,
porosity, permeability, and water saturation factors.
Before the Well Logs upscaling facies and rock
properties, estimations should be assigned to the
well-supplied cells (Shepherd, 2009). Before moving
forward with the model, the effects of scaled-up
facies distribution and rock characteristics were
explored to ensure that the important heterogene-
ities that influence flow were preserved.
The relationship between Gamma-ray magnitude

and shale content may be linear or nonlinear. The
relationships are all empirical (Islam et al., 2013).
Gamma-ray index, IGR

IGR¼
GRlog �GRmin

GRMax �GRMin
ð3Þ

where,
IGR Describes a linear response to shaliness or clay

content.
GRlog ¼ log reading at the depth of interest
GRclean ¼ gamma ray value in a nearby clean zone
GRshale ¼ gamma ray value in a nearby shale
Linear gamma ray - clay volume relationship:

Vshale¼ Igr

Nonlinear gamma-ray - clay volume relationships:
Steiber:

Steiber : Vshale¼
Igr

3:0� 2:0 Igr
ð4Þ

To determine accurate porosity using a single
porosity measurement, lithology must be identified
(by selecting a matrix value). Lithology and porosity
can be predicted [with considerable uncertainty]
using two or more porosity measurements. The
number of measurements enhances the complexity

Fig. 9. The fault framework is displayed in a three dimensional window.

Table 3. Litho-saturation analysis of wells.

Well Zone Top Bottom Gross Net Net to
Gross (%)

Av- VSH (%) Av- 4 (%) Av-S_w (%)

GS196-1A MAT 11118.03 11479 16.098 1.943 12.3 12.3 21.7 46.1
OCT-A1ST1

(GS195-1ST1)
MAT 10935.92 11061.4 69.418 23.406 33.7 17.4 12.5 31.7

GS196-1A NUBIA 12186.83 12235.3 22.562 2.25 10 10.4 15.1 64.7
OCT-A1ST1

(GS195-1ST1)
NUBIA 10009.78 10131.4 53.511 1.675 3.1 20.1 12.7 59.2

46 L. Yahia et al. / Trends in Advanced Science and Technology 1 (2024) 38e53



of the formation that can be postulated (Dolan,
1990).

DPHI ¼ rma � rb

rma � rfl
ð5Þ

DPHI ¼ ∅D ¼ density porosity.
rb ¼ bulk density (from the log).
rma ¼ matrix density.
rfl ¼ fluid density (often assumed to be mud

filtrate density).

Fig. 10. (a) and (b) show the interpreted three dimensional structural model for the October oil field.
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Fig. 11. (a) and (b) show two interpreted cross sections that illustrate the region is tectonically affected by a large normal fault (NE-SW) with large
displacement followed by small normal and reverse faults.
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via Archie's Equation (Archie, 1942).

Sw¼
�

a:Rw

∅m:Rt

�1
n

ð6Þ

Sw ¼ Formation water saturation.
Rw ¼ Formation water resistivity.
Rt ¼ True formation resistivity.
∅ ¼ Porosity.
a ¼ cementation factor.
m ¼ Cementation exponent.

n ¼ saturation exponent.

5. Results

5.1. Facies modelling

The upscaled discrete facies’ property appropria-
tion is integrated into the 3D model via the facies
demonstrating measure. This engagement began
with a clear grasp of various lithologies as facies
types, which were subsequently scaled up to model

Fig. 12. Crossplot of MAT Formation at GS196-1A well, October field.

Fig. 13. Crossplot of MAT Formation at OCT-A1ST1 (GS195-1ST1) well, October field.
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measurement as discrete characteristics or added to
identify property patterns throughout the frame
of the 3D model. Four wireline well records were
used to distinguish between distinct facies log in-
terpretations. Splitting the log of each analyzed
reservoir surface into the four main lithologic facies,
which are sandstone, limestone, shales, and anhy-
drite, allows us to examine the facies distribution.

5.2. Well logging analysis

The log analysis of MAT in GS196-1A, OCT-
A1ST1 (GS195-1ST1) wells show that such
wells have low gamma-ray values, high resistivity,
and cross-over between the neutron and density
responses, which indicate the presence of gas.
In GS196-1A well the top of MAT reservoir at

11,118.03 ft depth, with a gross thickness of 16.098 ft

and a net-pay of 1.943. The well has VSH of 12.3%, 4E

of 21.7%, and Sw of 46.1%. The top NUBIA reservoir
is at 12,186.83 ft depth with a thickness of about
22.562 ft, a total net-pay of 2.25 ft, VSH of 10.4%, 4E of
15.1%, and Sw of 64.7%.
Matulla has low net pay, low effective porosity,

low shale content, and low water saturation, while
Nubia has the same characteristics but has high
water saturation.
In the OCT-A1ST1 (GS195-1ST1) well the top of

MAT reservoir at 10,935.92 ft depth, with a gross
thickness of 69.418 ft and a net-pay of 23.406. The
well has VSH of 17.4%, 4E of 12.5%, and Sw of 0.317%.
The top NUBIA reservoir is at 10,009.78 ft depth with
a thickness of about 53.511 ft, a total net-pay of
1.675 ft, VSH of 20.1%, 4E of 12.7%, and Sw of 59.2%.
Matulla has high net pay, low effective porosity, low
shale content, and low water saturation, while Nubia

Fig. 14. Crossplot of NUBIA Formation at GS196-1A well, October field.

Fig. 15. Crossplot of NUBIA Formation at OCT-A1ST1 (GS195-1ST1) well, October field.
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has low net pay, low effective porosity, low shale
content, and high water saturation (Table 3).

5.3. 3D structural modeling

To comprehend the property distribution or het-
erogeneity of each reservoir surface, discrete prop-
erties from input well logs are loaded into the 3D
static models built by the structural modeling
workflow of the interpreted reservoir surfaces of the
October seismic data (Fig. 8).
By using the previous steps illustrated in the

workflow (Fig. 4) and extracting the skeleton grids
in Fig. 9 to use it to generate the final 3D model
created by the structural modeling workflow of the
interpreted reservoir surfaces (Fig. 10). The region
is tectonically affected by a large normal fault (NE-
SW) with large displacement followed by small
normal and reverse faults that may be the reason
for the presence of traps. This structure is clear
on the 3D structural model and cross sections
(Fig. 11).
The extracted 3D structural model shows the

fault's extension, location, and boundaries, which
help define the best new prospect locations with
better accuracy, and it revealed that the detailed 3D
structural model supports the development plans
(Figs. 9e10). In addition, Fig. 11 shows the fault
planes far from the wells in the study area (OCT-
A1ST1, GS195-1ST1, and OCT_A-10), which ex-
plains the low net pay from the log calculation.

6. Discussion and conclusion

Due to repeated tectonic movements, the October
oil field in the Gulf of Suez, Egypt, comprises the
primary components of hydrocarbon systems
including shale source rock, sandstone reservoir
formations, and the seal evaporite salt layers at
various depths. Prior discoveries include very
productive reservoir wells in the Lower Creta-
ceous Nubia and Matulla sandstone components
(Figs. 13e15). The structural model and in-
terpretations presented in this study, additional
reservoir analysis, and petrophysical research on
the lower and middle Miocene strata may lead to
the discovery of new hydrocarbon accumulation
sites. Numerous tectonic forces coming from
different directions impact the tectonic regime in
this region.
While the Rudeis Formation was being deposited

in the early Miocene, the area was also susceptible to
expansion and subsidence. Therefore, the faults and
geological structures created by such extreme tec-
tonics affect the process of hydrocarbon migration

and accumulation in the area. According to the
integration of the results from the subsurface
geological data and reservoir models, two places are
thought to be potential in MAT and NUBIA forma-
tion, one of these prospects is a fault and the other is
a 3-way dip closure as depicted in Fig. 11.
By well-logging the litho-saturation analysis MAT

in GS196-1A, OCT-A1ST1, and GS195-1ST1 wells
show that such wells have low gamma-ray values,
high resistivity, and a crossover between the neutron
and density responses, which indicate the presence
of gas. The October oil field had a lack of production
in some places, which negatively impacted the eco-
nomic value of this field, using saturation analysis in
Table 3 and the 3D structural model gives precise
results, especially for geological structures and the
possibility of the presence of traps, which is clear
from the model in Fig. 10. Utilising a 3D structural
model in conjunction with well log data yields
complementary results, including the fault size,
boundaries, and location. Additionally, well data
determine the facies, porosity, permeability, and
water saturation parameters. The model reveals that
the area lacks sufficient well coverage in the study
area, and the existing wells have low net pay.
Therefore, I recommend drilling new wells in the
target formations along with the main geologic
feature in this area. In F1, F2, F3, F4, and F5, these
faults may be potential traps.
In conclusion, the study rock units, from the Zeit

to the Nubia formations, are affected by distinct
types of normal faults that follow NW-SE and NE-
SW patterns. These faults play an important role in
trap formation and hydrocarbon accumulation. The
3D reservoir modeling and petrophysical analysis of
reservoir formations both show that the facies dis-
tribution of the chosen reservoir shifted from being
predominately sandstone, shale, and limestone
(NW) to being predominately limestone and sand-
stone (SE). The examined reservoir has favorable
reservoir characteristics, which boost the production
of hydrocarbon in this field (low net pay, low
effective porosity, low shale content, and high water
saturation). The structure set is thought to be in
charge of the petrophysical findings and the facies
distribution in the October oil field. The models
demonstrate the effects of structural features and
their control over the interpretation of the facies and
petrophysical properties of reservoirs. The region is
tectonically affected by a large normal fault (NE-
SW) with large displacement, followed by small
normal and reverse faults that may be the reason for
the presence of traps. The extracted 3D structural
model and cross-sections indicate faults in the
region.
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