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Abstract

The Amal oil field is located in the southern part of the Gulf of Suez and produces hydrocarbons
mainly from middle Miocene reservoirs. It is marked by uncertainties in the southern part of the Gulf
of Suez province because of the structural complexity, lateral facies change, different lithologies,
and diverse reservoir quality. Therefore, in this approach, different reservoir properties of the
Hammam Faraun Member of the Belayim Formation, the Markha Member of the Kareem Formation,
and the Upper Rudies Member are obtained and evaluated. The main reservoirs are composed of
sand and shale intercalations. The wireline logging data (gamma ray, density, neutron, sonic, and
resistivity logs) of four wells were used mainly for the petrophysical analyses of hydrocarbon reser-
voirs. The three most important parameters in petrophysical evaluation: shale content, porosity, and
fluid saturation are calculated for the main reservoirs to construct the litho-saturation model for each
well. Each of these parameters is mapped to study their areal variation across the study area and
estimate the appropriate locations for the new development wells. Fluid saturations are estimated
based on the Indonesian formula due to shale presence. The study exhibited that Hammam Faraun,
Markha, and Upper Rudies Formations have porosity of 0.15-0.17, 0.15-0.23, 0.12-0.27; shale
volume of 0.3-0.36, 0.12-0.51, 0.19-0.37; and water saturation of 0.34-0.6, 0.33-0.51, 0.48-0.6,
respectively. The results show an increasing trend toward the central part in porosity, sandy facies,
and oil saturation. Based on the petrophysical evaluation and the mapping, the central part of the
field is very promising for development and production activities.

Keywords: Southern Gulf of Suez, Middle Miocene reservoirs, petrophysical analysis, matrix
identification, hydrocarbon indicators
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1 Introduction

The Gulf of Suez is one of the most pro-
lific basins in Egypt. Geologists and geo-
physicists are attracted to the oil and gas
exploration in this basin because of the
large subsurface sedimentary sections,
which include considerable pre-Miocene
and syn-Miocene reservoirs with huge
amounts of hydrocarbons in the southern
part of the Gulf of Suez rift underneath the
evaporites of the post-rift stratigraphy
with various trapping mechanisms. The
Gulf of Suez contains mainly structural
hydrocarbon traps, but stratigraphic traps
and combined traps are also present (Al-
sharhan and Salah, 1994). The sandstone
of the syn-rift Miocene strata contains
about 60% of the hydrocarbon resources
in the basin (Roberts, 2012).

The middle Miocene sediments have
excellent hydrocarbon potential as
sources, reservoirs, and seal rocks (Attia et
al., 2015; Radwan et al., 2019). The mid-
dle Miocene succession is composed of
six formations, namely, from base to top:
Nukhul, Rudeis, Kareem, Belayim, South
Gharib, and Zeit Formations. The sand-
stone of these formations has a good qual-
ity and a good history of hydrocarbon ac-
cumulation.

The eventual goal of the present study
is to construct a petrophysical analysis by
integrating the wireline logging data of 4
wells located in the southern part of the
Gulf of Suez Province, to detect zones that
are capable of accumulating hydrocar-
bons, as well as their depth and thickness,
and to locate the contacts between oil, gas,
and water within the pores of the Middle
Miocene reservoirs in the study area that
is bounded by latitudes 28° 02" N and
28°05" N and longitudes 33° 33" E and 33°
36" E (Fig.1). This case study focuses on
the analysis of Hammam Faraun, a mem-
ber of the Belayim formation, Markha, a
member of the Kareem formation, and
Upper Rudies, a member of the Rudies
formation. These zones represent the syn-
rift Miocene reservoir in the southern Gulf

of Suez.

The petrophysical analysis of logging
data is one of the most useful and signifi-
cant tools for characterizing rock proper-
ties and evaluating zones of interest. The
reservoir petrophysical parameters, such
as its porosity, lithology, fluid saturation,
and permeability, were obtained from log-
ging data of density, gamma ray, neutron,
shallow, and deep resistivity tools to eval-
uate the subsurface formations character-
istics and determine the production rate of
wells. (Hassan et al., 2014; Lyaka and
Mulibo, 2018; Metwally et al., 2022;
Chikiban et al., 2022).

2 Geological Settings
The Gulf of Suez rift basin was formed in
the late Oligocene—early Miocene (Hemp-
ton, 1987). It is composed of three major
half-grabens that have from north to south
reversed dip polarity (Kassem et al.,
2020). The major faults of the half grabens
that are in the north and south directions
dip toward the northeast direction (Rad-
wan et al., 2021) and the strata within the
tilted fault block have a dip toward the
southwest direction. The major faults of
the central half graben have a dipping di-
rection toward the southwest direction,
which is the opposite direction relative to
the other grabens and the layers dip to-
ward the northeastern direction (Patton et
al., 1994). Two zones of accommodation
separate the three half-grabens (Moustafa,
1976). Figure 1 represents the structural
setting of the Gulf of Suez.
Stratigraphically, the Gulf of Suez is
composed of rocks ranging from Precam-
brian to Holocene. These rocks are classi-
fied based on tectonic rift into 3 strati-
graphic phases (Moustafa, 1976): (a) the
pre-rift stratigraphic phase (pre-Miocene
units) rest non-conformably on the base-
ment rocks with ages ranging from Paleo-
zoic to Eocene (Alsharhan, 2003); (b) the
syn-rift stratigraphic phase (Miocene
units), which is composed of sedimentary
clastic units at the base of the section and
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evaporitic facies at the top; (c¢) The post-
rift stratigraphic phase (post-Miocene
units) includes clastic rock units (Afifi et
al., 2016).

Figure 2 represents the lithostrati-
graphic column of the Gulf of Suez's
southern region. This study focuses
mainly on middle Miocene reservoirs, the
Belayim Formation, with more focus on
the Hammam Faraun zone; the Kareem
Formation, with more focus on the
Markha zone (Patton et al., 1994); and the
Upper Rudies Formation. Hammam
Faraun is composed mainly of sandstone,
shale intercalations, carbonate, and thin
beds of anhydrite. Markha is composed of
shales and sandstone intercalations.
Rudies are composed mainly of shales
with sandstone units (Shehata et al., 2021;
Alsharhan, 2003).

Middle Miocene reservoirs represent

approximately 20% of the Gulf of Suez's
production (Patton et al., 1994). The
source rocks of the study area may be from
the Lower Miocene Rudeis and Kareem
Formations and pre-rift units such as the
shale of the Thebes Formation, the Sudr
Formation, which is brown limestone, and
the shale of the Matulla Formation
(Alsharhan, 2003). Rudeis Formation may
be an oil-prone source rock or an oil and
gas-prone source rock (Afifi et al., 2016).
The cap rock of the study area is mudstone
and evaporites, both vertically and
laterally. The mode of migration in the
study area is hydrocarbon migration along
faults or vertical migration from shale or
carbonate source rocks. The trapping
mechanism of the study area is a
fault-bounded horst and a 3-way dip-
closed fault-bounded trap (Alsharhan,
2003).
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Figure 1. Location map of the study area (a) Gulf of Suez rift tectonic map (modified after Khalil, 1998). (b) A base
map showing the available seismic lines and the four used well locations over the Amal field.
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Figure 2. Stratigraphic column of the southern part of the Gulf of Suez (Mostafa et al., 2015).

3 Data and methodology

The available wireline logging data in this
study is composed of logging data from
four wells (Wells #1, #2, #3, and #4), in-
cluding Gamma Ray logs, density logs,
neutron logs, sonic logs, and resistivity
logs, which were combined for the petro-
physical analysis of Hammam Faraun
Member/zone of Belayim Formation,
Markha Member/zone of Kareem For-
mation, and Upper Rudies Formation. The
petrophysical analysis starts with the de-

tection of zones of interest based on defin-
ing the matrix type of each zone, deter-
mining which zones contain hydrocarbons
based on the hydrocarbon indicators, cal-
culating the resistivity of water (Rw) of
selected zones based on the Pickett plot,
and estimating the main petrophysical pa-
rameters (shale volume, total porosity, ef-
fective porosity, water saturation, bulk
volume of water) to evaluate the reservoir
quality (Faramani et al., 2019; Misaghi et
al., 2021). Figure 3 represents the flow
chart of the petrophysical analysis.



Formation evaluation of middle Miocene reservoirs via petrophysical analysis of well logging data; ...

43

Available Data

Petrophysical analysis

4

! !

| !

Zone of interest [ Hydrocarbon indicators ] [Matrix identification} [ Pickett plot and Rw J

v Y

[ Shale volume ]

[ Total porosity J

L ]

[ Effective porosity ] [ Water saturation J

¥

Reservoir evaluation

Figure 3. Flow chart of the petrophysical analysis.

3.1 Petrophysical analysis

The available well logs were analyzed to
detect hydrocarbon bearing zones and to
calculate the significant petrophysical pa-
rameters (shale content (Vshate), total po-
rosity (®r), effective porosity (®g), water
saturation (Sw) and bulk volume of water
(Bvw)) within the zones of interest of Be-
layim Formation (Hammam Faraun Mem-
ber/zone), Kareem Formation (Markha
Member/zone), and Rudies Formation
(Upper Rudies Member/zone) to perform
the log-based petrophysical analysis.

3.1.1 Zone of interest

After the review of the logging data and
the application of the log quality controls
(L.Q.C. ), the zones of interest were se-
lected that have good petrophysical prop-
erties. The most significant parameter is
the increase in the deep resistivity log,
which is represented by the hydrocarbon
presence. Also, the zone must reflect
lower gamma-ray responses and the over-
lapping of density-neutron logs, which
represent the permeable zone. Figure 4
shows an example of a zone of interest
with low gamma rays, a curve separation
between density and neutron logs, and an
increase in the deep resistivity log.

3.1.2 Matrix identification

Two techniques were used to identify the
matrix type of each zone, which are the M-
N plot and the MID plot. The MID plot
was used to identify matrix type according
to the matrix density values (pma ) and the
apparent value of matrix transit time
(ATma). The matrix density and the ma-
trix transit time were obtained based on
the neutron, sonic, and density logs. By
getting the intersection point of matrix
density with matrix transit time on the
MID chart, the matrix type can be identi-
fied.

The M-N plot was also used to identify
the matrix based on calculating M and N
values. M was calculated based on the
sonic and density logs. N was calculated
based on the neutron and density logs. M
and N values were estimated based on the
following equations (Hassan et al., 2014).
By drawing the intersection point of M
with N values, the matrix type can also be
identified.

AT —AToq4

= x0.01 (1)
Pb—Pf

N = Q)Nf_@N—log (2)
Pb—Pf
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Figure 4. Full log display with an example of an interested zone.

Where ATy is Transit time of fluid; ATiog
Transit time of the formation; pr Density
of fluid; pp Formation bulk density; @nr
Neutron porosity for fluid; @n-1o¢ Neutron
porosity of the formation.

Matrix identification was constructed
for three zones based on the two tech-
niques (M-N plot, and MID plot). Ham-
mam Faraun zone, Markha zone, and Up-
per Rudies zone are composed mainly of
sand and shale intercalations, which is
confirmed by the lithology interpretation
of the logs. The M-N plot shows that the
three zones are concentrated at the quartz
region and approximate gas region, with
many points toward the shale region, as
shown in figure 5. Also, the MID plot
shows that the three zones are concen-
trated in the quartz region with points in

the shale region, as shown in figure 6.
Both the M-N and MID plots show high
consistency in their results.

3.1.3 Hydrocarbon indicators

Many techniques were developed to detect
hydrocarbon-bearing zones, eliminate wet
zones, and then make a detailed evaluation
and examination of the hydrocarbon-bear-
ing zones (Best et al., 1978; Fertl, 1978;
Hassan et al., 2014). In this case study, we
have used the (FR-Ro) formation resistiv-
ity factor (water resistivity) at water-bear-
ing zone overlays (Mabrouk and Soliman,
2015), neutron-density overlays, and mov-
able oil plots (MOP). In the case of the
FR-Ro overlays, there will be a noticeable
gap between Ro and FR in the hydrocar-
bon-bearing zone (Fig. 7¢). Movable oil
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20 30 40

Cross-plot: Well-1.Well-1

Reference (m): [32.461 - 3012.46]

50 60 70 80

90

o % o
0
0|.831 0
831 ‘

0 0

0

2.5

RHOMAA (g/cm3)

y
™
3 s

3.5

'{‘t §.30 W2,
PRl Br .

of Dolﬁ“h‘: v
o’

Salt CNL

Sallc§NP

0l L0

.
"VO’.}r g

Anhesd'riee

2.5

3.5

20 30 40

50 60 70 80

DTMAA (us/ft)

90

Unknown (GR)

N i

Figure 6. MID cross plot for Hammam Faraun, Markha, and Upper Rudies.

plots depend on plotting the invaded zone
formation resistivity factor with the
uninvaded zone formation resistivity fac-
tor. In the case of the movable hydrocar-
bon, we will have a noticeable curve sep-
aration between the two curves (Fig. 7b).
Also, hydrocarbons can be detected from
the separation between density and neu-
tron logs (Fig. 7a). These three methods
were used in the case study to detect the
hydrocarbon in the Hammam Faraun,

Markha, and Upper Rudies zones. Figure
7. Represent an example of three hydro-
carbon indicators at the Markha zone. very
good separation between the density and
neutron log representing hydrocarbon
presence, a noticeable gap between FR
and Ro representing hydrocarbon pres-
ence, and a very good curve separation be-
tween the formation resistivity factor of
invaded and uninvaded zones representing
the movable hydrocarbon.
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3.1.4 Pickett plot and Rw calculations
The main purpose of the Pickett plot is to
solve the Archie equation (Archie and oth-
ers, 1942) without using any constants
(Pickett, 1972). Based on the Pickett plot,
which is a cross plot between resistivity
and porosity, the water resistivity can be
determined.

The Archie equation for formation re-
sistivity factor (F), porosity (@n), satura-
tion of water (Sw), and water resistivity
(Rw) in a rock is the following:

R, a

F= =g 3
where: a is the proportionality constant; m
is the cementation component; n is the sat-
uration coefficient; R , is the formation's
resistivity at 100 percent water saturation;
Ry is the water resistivity in the formation;
and R is the accurate true formation resis-
tivity.

Figure 7 shows the Pickett plot for Well
#1, Ry was estimated from the plot at
100% porosity. In this case, the cut-off of
the water saturation is 50%, so any zone

over this value is considered to be a hydro-
carbon-bearing zone, as shown in Figure
8. The Ry value of the main zones was
0.011ohm.m with a cementation exponent
of two.

3.1.5 Shale volume (Vsh)

Vsh is the most essential petrophysical pa-
rameter as it has a critical role in the cal-
culation of the other petrophysical param-
eters like the effective porosity, fluid satu-
rations, permeability, and net ratio, all of
which are crucial for figuring out the res-
ervoir quality, hydrocarbon potential, and
realistic estimation of petroleum reserves.
The shale volume in the three zones of in-
terest was calculated according to the
gamma-ray values as a linear response us-
ing the Asquith and Gibson equation (As-
quith and Gibson, 1982):
VSh — GRlog_ GRmin (4)

GRmax — GRmin

where Vg is the shale volume; GRiog is the
gamma-ray reading; GRmax is the maxi-
mum reading of gamma-ray; and GRuin 1S
the minimum reading of gamma-ray.
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3.1.6 Total porosity (¢r)

Total porosity is the total amount of pri-
mary and/or secondary voids in the rocks.
¢t was estimated from the density-neutron
logs based on the following equation after

Asquith and Gibson (1982):
Oy = M2 5)

2
where Or is the total porosity; O is the
porosity from the neutron log; and ®@p is

the porosity from the density log.

The neutron porosity (®n) is the amount

of hydrogen inside the reservoir which is

the value of the neutron log. In a clean res-
ervoir (without shale) where the pores are
filled by hydrocarbon or water, the neu-
tron tool measures fluid-filled porosity

(®n). but the density porosity (Op) can be

estimated based on the following equa-

tion:

Q)D — Pm — Pp

Pm — Pri

where ®p is the porosity obtained from the
density log; pm is the density of matrix; pp
is the bulk density of rock; and pa is the
density of fluids inside pores (mud fresh
or salt, and hydrocarbons).

(6)

3.1.6 Effective porosity (¢efr)

The effective porosity is the volume of
only interconnected pore spaces in rock
through which fluids can flow (Stephens
et al., 1998; Asquith and Gibosn, 1982). It
was estimated based on the following for-
mula:

Berr = Or — (Vs * DBsp) (7)
where Ocfr is the effective porosity; @ is
the total porosity; Vsn is the shale volume;
and @y, 1s the shale porosity.

3.1.6 Water saturation (Sw)

The Indonesian formula (Poupon and Le-
veaux, 1971) was used to calculate water
saturation for the important zones (Ham-
mam Faraun, Markha, and Upper Rudies
zones). The Indonesian model was used in
this case because of the shale presence in
the reservoirs. The water saturation can be
estimated based on the following formula:

(1_Vcl)
SR (T P
\/R_t aRW Rcl v

Where Sy = water saturation, R; = true re-
sistivity, V¢ = clay or shale volume, @t =
total porosity, @s» = shale porosity, a =
tortuosity factor, Ry = formation water re-
sistivity, and Rc1 = resistivity of shale.
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3.1.7 Bulk volume of Water saturation
(BYW)

The bulk volume of water is one of the
critical factors in evaluating the reservoir's
quality. BVW can be calculated by using
the product of porosity and water satura-
tion. A certain zone can produce water-
free hydrocarbons if its BVW is low and
constant. It can be estimated based on the
following equation (after Buckles, 1965):

BVW = SW = Q)eff (9)

Where BVW = bulk volume of water, Sw
= water saturation, and Q. = effective po-
rosity.

4 Results and discussion

4.1 Well correlation

The correlation was conducted for all the
wells on the basis of the wireline logs. The
correlation chart exhibits three major res-
ervoir intervals with variable thickness
throughout the formations of Belayim,
Kareem, and Rudies, as shown in Figure
9. The three mentioned formations were
recorded in all the drilled wells.

The Belayim Formation is subdivided
into four zones: Hammam Faraun, Feiran,
Sidri, and Baba members. Baba is com-
posed of anhydrite and shale. Sidri is com-
posed of salt, anhydrite, and shale. Feiran
is composed of anhydrite and shale. Ham-
mam Faraun is composed mainly of sand-
stone with shale intercalations.

Variable thicknesses of the Kareem
Formation were recorded over the study
area, which is composed of two members,
the Markha and Shagar members. Shagar
is composed mainly of shales with minor
sand strikes. Markha is composed of sand-
stone with shale and streaks of anhydrite.
Upper Rudies is composed mainly of shale
and sandstone. Sandstones and shales of
the Upper Rudeis Member extended over
the entire area laterally with thickness var-
iations with 70 m average thickness, rang-
ing from 30 to 120 m thick due to structu-
ration during the deposition that is related

to Kareem-Rudeis unconformity (Okeil et
al., 2019). The correlation results are in
agreement with (Amer et al., 2023).

4.2 Petrophysical analysis

The logging data were analyzed using the
Techlog geoscience platform to estimate
the petrophysical parameters of the inter-
ested zones (Hammam Faraun, Markha,
and Upper Rudies). Wireline logging data
of neutron, density, resistivity, sonic, and
gamma rays is used to estimate the total
porosity, effective porosity, shale content,
water saturation, hydrocarbon saturation,
gross thickness, and net thickness of the
target zone.

Vsh was calculated based on Eq. (4),
with values that exhibit several variations.
After the calculation, Vsh maps were con-
structed for the three zones. Hammam
Faraun zone ranges from 0.3 to 0.36,
which decreases toward the center of the
area (Fig. 10a). Markha ranges from 0.12
to 0.28, with very low shale volume to-
ward the northern part of the area (Fig.
10b). Upper Rudies range from 0.19 to
0.37, with low shale volume at the central
part of the area (Fig. 10c). This variation
may be due to the heterogeneity of the
study area.

Effective porosity was calculated
based on Eq. (7), with values exhibiting
several varieties of increasing and de-
creasing. Three maps were constructed to
track lateral variations of porosity. Ham-
mam Faraun zone, ranging from 0.12 to
0.17, with very good porosity values to-
ward the central part of the area (Fig. 10d).
Markha ranging from 0.14 to 0.23, with
maximum values at the central part of the
area (Fig. 10e). Upper Rudies range from
0.1 to 0.27, with maximum values toward
the northwestern part of the area (Fig.
10f). Very high variations in the values
may be due to the heterogeneity of the fa-
cies in the study area. Effective porosity
was calculated based on Eq. (7), with
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Values exhibiting several varieties of in-
creasing and decreasing. Three maps were
constructed to track lateral variations of
porosity. Hammam Faraun zone, ranging
from 0.12 to 0.17, with very good porosity
values toward the central part of the area
(Fig. 10d). Markha ranging from 0.14 to
0.23, with maximum values at the central
part of the area (Fig. 10e). Upper Rudies
range from 0.1 to 0.27, with maximum
values toward the northwestern part of the
area (Fig. 10f). Very high variations in the
values may be due to the heterogeneity of

the facies in the study area.

Water saturation was calculated based
on the Indonesian model Eq. (8) because
of the shale presence in the three zones.
Three water saturation maps were con-
structed to track lateral variations in the
area, which may be because of the facies
heterogeneity of the area. The value distri-
bution exhibits several varieties of in-
creasing and decreasing. Water saturation
in the Hammam Faraun zone ranges from
0.34 to 0.6, with low saturation toward the
northwestern part of the area (Fig. 11a).
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Markha ranges from 0.33 to 0.51 with
good water saturation values toward the
northwestern part of the area (Fig. 11b).
Upper Rudies range from 0.48 to 0.60,
with low values at the southeastern and
northwestern parts of the area (Fig. 11c¢).
The net pay of the three main zones was
calculated based on the standard cut-off.
Hammam Faraun zone, ranging from 23 to
28, with large sand thickness in the central
part of the area (Fig. 11d). Markha ranging
from 3 to 52, with a very large pay thick-
ness at the central part of the area (Fig.
11e). Upper Rudies range from 2 to 47,
with maximum pay thickness at the central
part of the area (Fig. 11f). Table 1 repre-
sents the petrophysical analysis of the
Hammam Faraun, Markha, and Upper
Rudies reservoirs in the four studied wells.
All the obtained petrophysical parameters
show good agreement with (Abuel Ata et
al., 2012; Ramadan et al., 2019; Farouk et
al., 2022; Amer et al., 2023).

4.3 Litho-saturation model

It is the model that describes the composi-
tion of bulk rock volume, which is com-
posed of three main petrophysical param-
eters (volume of shale, effective porosity,
and bulk volume of water). From this
model, the matrix percentage, shale vol-
ume, and percentage of hydrocarbon satu-
ration can be estimated. The rock model is
considered to be the end product of the
petrophysical analysis used for the inter-
pretation.

The rock model was constructed for the
three formations (Belyaim, Kareem, and
Upper Rudies); the case study focused
only on the three main zones (Hammam
Faraun Member of Belayim, Markha
Member of Kareem, and Upper Rudies
Formation) with good petrophysical pa-
rameters and considered to be hydrocar-
bon-bearing zones according to the litho-
saturation model (Fig. 9). This rock model
is in agreement with (Amer et al., 2023).

Table 1. Petrophysical analysis of the study area.

Wells Well #1  Well#2  Well#3  Well#4  Well #5
Parameters
Zone
Hammam Faraun 0.34 0.36 0.29 0.33 0.29
Volume of shale (Vsh) % Markha 0.13 0.32 0.28 0.26 0.21
Upper Rudies 0.36 0.27 0.21 0.37 0.14
Hammam Faraun 0.24 0.24 0.26 0.23 0.20
Total porosity (phit) % Markha 0.24 0.18 0.22 0.20 0.24
Upper Rudies 0.26 0.25 0.26 0.22 0.20
Hammam Faraun 0.14 0.16 0.185 0.12 0.16
Effective porosity (phie) % Markha 0.18 0.15 0.23 0.16 0.19
Upper Rudies 0.14 0.16 0.19 0.09 0.27
Hammam Faraun 0.45 0.49 0.367 0.62 0.46
Water saturation (Sw) % Markha 0.33 0.42 0.51 0.42 0.42
Upper Rudies 0.58 0.62 0.57 0.48 0.51
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Hammam Faraun 0.55 0.51 0.64 0.38 0.54
Hydrocarbon saturation (Sh) % Markha 0.67 0.58 0.49 0.58 0.58
Upper Rudies 0.42 0.38 0.43 0.52 0.49
Hammam Faraun 48 75 68.5 66 46
Gross thickness Markha 45 81 88 75 10
Upper Rudies 95 100 15 122 2
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Figure 11. Water saturation map of (a) the Hammam Faraun zone, (b) the Markha zone, and (c) the upper rudies; net
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4.3 Seismic data interpretation

The seismic data analysis consists of four
major steps: (1) formation tops detection
and seismic to well tie; (2) delineating ho-
rizons laterally with fault detection; (3)
closing loops and creating geo-cross sec-
tions; and (4) creating different sorts of
geological maps to describe geological
features. (Nanda and Nanda, 2016;
Abuzaied et al., 2019; Noureldin et al.,
2023). The main objective is to discover

oil and gas accumulations, track their lat-
eral extent, and estimate their amounts
(Avseth et al., 2010). Three formation
tops, the Belayim Formation, the Kareem
Formation, and the Upper Rudies
Formation, are picked out and tracked
laterally in the seismic sections. Faults are
interpreted and tracked in all the seismic
sections. The interpreted seismic section
exhibits a main horst structure bounded by
two major faults extending along the area
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trending northeast-southwest (clysmic
trend), affected by minor faults (Fig. 12).
All the major and minor faults affect the
three reflectors: Belayim, Kareem, and
Rudies Formations. two major faults. One
of the major faults throws northeast with a
large displacement and is branched into

smaller faults in the northern part of the
area, and the other throws southwest with
a smaller displacement relative to the
northeast fault. The obtained interpreta-
tion shows good agreement with (Okeil et
al., 2019).

LINE 1 1 1
TRACE ™ 201

-2000
Belayim

Figure 12. Interpreted seismic section from the southern part of the area.

4.4 Petroleum system

There are three major reservoirs in the
study area: the Rudies Formation, the
Kareem Formation, and the Belayim For-
mation. Rudies reservoirs represent ap-
proximately 20% of the Gulf of Suez's
production potential, Kareem Formation
sandstones are one of the best hydrocar-
bon reservoirs in the Gulf of Suez, produc-
ing and/or testing hydrocarbon from many
different locations; and Belayim for-
mations represent around 10.5% of the
Gulf of Suez's oil production. The source
of the study area may be from the lower
Miocene Rudeis Formation and Kareem
Formation or from pre-rift units such as
the shale of the Thebes Formation, brown
limestone of the Sudr Formation, and
shale of the Matulla Formation. The
Rudeis Formation may be an oil-prone
source rock or an oil-and-gas-prone
source rock. The cap rock of the study area
is mudstone and evaporites, both verti-
cally and laterally. The mode of migration

in the study area is hydrocarbon migration
along faults or vertical migration from
shale or carbonate source rocks. The trap-
ping mechanisms of the study area are
fault-bounded horsts and 3-way dip closed
fault-bounded traps (Alsharhan, 2003).
The study area contains a promising petro-
leum system with good physical proper-
ties, so we highly recommend drilling
more development wells. According to the
study, two additional prospect areas can
be identified that offer a good location for
hydrocarbon accumulation (Figure 12).

5 Conclusion

The main goal of the current study was the
interpretation of geological and geophysi-
cal data to assess the lithofacies and petro-
physical characteristics of Middle Mio-
cene reservoirs in the southern Gulf of
Suez, as well as their distribution. In order
to estimate the distribution and quality of
the intricate Middle Miocene reservoirs
and to lessen uncertainty during oilfield
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development in the research area, we em-
ployed integrated datasets in this work.
The primary results of this investigation
were as follows:

Pay thickness maps were constructed
for the Hammam Faraun, Markha, and
Upper Rudies zones. The sand pay thick-
ness of Hammam Faraun Member ranges
from 23 m to 28 m, that of Markha Mem-
ber ranges from 3 m to 52 m, and that of
Upper Rudies Member ranges from 2 m to
47 m.

The petrophysical analysis shows that
the central part of the area is a potential
area with good reservoir properties. The
analysis results of the area show that the
Hammam Faraun zone is a good reservoir,
with porosity values ranging from 0.15 to
0.23, Vsh ranging from 0.29 to 0.36, Sw
ranging from 0.34 to 0.49, and net pay
thickness ranging from 23 m to 28 m.

The Markha zone is also a good reser-
voir, with porosity values ranging from
0.14 to 0.23, Vsh ranging from 0.13 to
0.29, Sw ranging from 0.33 to 0.51, and
net pay thickness ranging from 3 m to 52
m.

Upper Rudies exhibit good reservoir
properties with porosity values ranging
from 0.1 to 0.27, Vsh ranging from 0.19 to
0.37, Sw ranging from 0.48 to 0.60, and
net pay thickness ranging from 3 m to 33
m.

After the petrophysical analysis and lat-
eral distribution of petrophysical parame-
ters according to the constructed maps, we
highly recommend drilling more develop-
ment wells in that area.
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