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Abstract Esh El Mellaha area is located at the west-
ern margin of the Gulf of Suez rift system. It is one of 
the most important potential hydrocarbon resources 
in the north Eastern Desert. Satellite images, field 
observations (e.g. measure relevant structures, line-
aments mapping, compile maps at the outcrops) and 
seismic data were used to delineate the surface and 
subsurface structural elements of the area west of Esh 
El Mellaha range. The present study revealed that, the 
main structural trends have the directions NW–SE, 
NE–SW to NNW–SSE, WNW–ESE and ENE–WSW. 
The NW–SE trending faults are the major dominating 
trend which is related to the Gulf of Suez rift opening. 
The seismic interpretation step led to the identifica-
tion of four prominent continuous reflectors and five 
depositional seismic sequences. The recognised seis-
mic reflectors were named; Q, F, R and K and ranging 
in age from the Lower Miocene to the Middle–Upper 
Miocene. The petrophysical examination exhibits 
good reservoir quality for the sandstones of Matulla 
Formation in Rabeh and South Malak fields, south-
ern Esh El Mellaha area. These reservoirs display low 
shale volume (5–20%); high effective porosity (10–
20%), relatively low water saturation (40–55%) and 

pay thickness varies between 30 and 85  ft. Accord-
ingly, this study highlights the oil potentiality of the 
Matulla sandstones for further exploration purposes 
in both Rabeh and South Malak fields.

Highlights 

• The main structural system controlling the Esh El 
Mellaha basin.

• The sandstones of Matulla Formation exhibit 
promising hydrocarbon reservoir in Esh El Mel-
laha basin.

• Future explorations in the Esh El Mellaha basin 
are recommended and should focus on the Mat-
ulla Formation especially in Rabeh and South 
Malak fields.

Keywords Esh El Mallaha · South Malak 
field · Rabeh field · Matulla sandstones · Seismic 
interpretation

1 Introduction

The Gulf of Suez basin includes over 80 fields that 
produce oil from Precambrian to Tertiary reservoirs. 
Numerous geological studies on the evolution of the 
Gulf of Suez basin rifting have been conducted as a 
result of large amounts of exploration data and the 
presence of well-exposed syn-rift strata (e.g. Farouk 
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et al. 2022, 2023; Shehata et al. 2023; Radwan, et al. 
2020, 2021; Radwan and Sen 2021; Moustafa and 
Khalil 2020; Radwan 2021; Sarhan and Basal 2019; 
Sarhan 2020, 2021a, b).

Esh El Mellaha area is known as the WEEM block 
and is considered as one of the southwestern Gulf of 
Suez basin. It is located west of Gemsa field, which 
was productively discovered by the Egyptian Gulf of 
Suez Petroleum Company (EGPC 1996). The study 
area (WEEM block) is onshore province, which lies 
in southern western side of the Gulf of Suez, which is 
relatively a mature exploration province (Fig. 1). Esh 
El Mellaha basin is trending NW–SE as a part of the 
major Tertiary (Oligocene to Miocene) rift system (El 
Diasty et al. 2020). In this basin, approximately about 
70% of the hydrocarbon reserves existed in the syn-
rift Miocene sandstones, while most of the remain-
ing hydrocarbons occur in the pre-rift Cretaceous and 
older sandstones (Pivnik et  al. 2003). The WEEM 
area is dominated by the NW–SE trending normal 
faults contemporaneous to the Suez rift system and is 
effectively subdivided into two zones by a significant 
strike slip NE–SW fault transfer that is clearly visible 
on the surface geology at Abu Shaar Plateau (Amer 
et al. 2012).

Esh El Mellaha basin exhibits deep marine depo-
sitional settings; rapid sedimentation accompanied 
or followed the rifting system. Coeval growth faults, 
folds as well as transfer zones are considered as the 
major control on the stacking patterns and geom-
etry of the syn-rift sediments. It displays onlap and 
intra-formational unconformities towards the growth 
monoclines and buried faults (Ghorab and Marzouk 
1967). The pre-Miocene Matulla and Nubia forma-
tions, including the weathered and/or fractured base-
ment, and the basal Miocene Nukhul sandstones 
(Fig. 2), are the major objectives reservoirs through-
out the WEEM Block. Other potential reservoirs, as 
seen in the Gulf of Suez region, would be the sand-
stones in the overlying Kareem and Rudeis forma-
tions. Many efficient seals are present throughout the 
sedimentary sections. The ultimate seal for the entire 
petroleum system is the widespread Late Miocene 
evaporite sequence (Mitchell et al. 1992).

Two unconformity surfaces separate the Mat-
ulla Formation from the underlain Wata Formation 
and the superimposed Brown limestone Formation. 
The Coniacian–Santonian period saw the complete 
deposition of the clastics that make up the Matulla 

Fm. The Matulla Fm. is characterised by a variety 
of planktonic foraminifera, including D. asymet‑
rica and Dicarinella concavata zones that demon-
strate the Coniacian–Santonian (Alsharhan 2003). 
The Coniacian–Santonian age represents a complete 
depositional cycle within which the Matulla Fm. was 
deposited. This sequence is distinguished into; low-
stand systems tract (LST), transgressive systems tract 
(TST) and highstand systems tract (HST). The low-
est portion of the Matulla Fm. deposited as LST as a 
result of a decrease in accommodation space near the 
inner shelf water-depth, while the middle section of 
the Matulla Fm. was deposited as TST within a com-
paratively deeper marine environment (outer shelf 
conditions). The uppermost HST was formed due to a 
large drop in the holding accommodation space at the 
final basin filling stage (Elhossainy et al. 2021a, b).

This study concludes the structural settings of Esh 
El Mellaha basin by the integration of seismic and 
remote sensing dataset. In addition, the present work 
assesses the petrophysical characteristics for the sand-
stone levels of the Matulla Formation in Rabeh and 
South Malak fields, southern Esh El Mellaha area.

This research sheds light on the structural back-
ground as well as the quantitative petrophysical prop-
erties, reservoir quality distribution, and hydrocarbon 
potential of the Matulla clastic reservoir in the exam-
ined fields which will have a great impact in reducing 
the risks associated with the future oil exploration in 
the southern Esh El Mellaha area. However, the wire-
line logs serve as the only applied technique used in 
the petrophysical assessment in this work. Accord-
ingly, the fundamental restriction is that direct core-
based measurements cannot calibrate the inferred 
rock parameters. The absence of routine or special 
core analyses is a problem that frequently arises in 
petrophysical evaluation projects, and it did so in our 
study as well.

2  Data and methods

Seismic coverage of the WEEM Block concession 
comprises thirty 2D seismic lines in SEGY format 
(shot in 1998 by Coplex Ltd.) and, two 3D seis-
mic surveys recorded in the southeastern portion 
(Fig.  1B). The available seismic data were kindly 
provided by the Egyptian Petroleum Authority. The 
acquisition parameters and the applied processing 
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Fig. 1  A Aerial photo of the Gulf of Suez, Gulf of Aqaba 
and Northern Red Sea showing the regional framework of 
the study area (red rectangular). B Location map of the stud-

ied area including the seismic profiles and wells. C Flow chart 
summarizes the acquisition parameters and the applied pro-
cessing steps on the available seismic data
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Fig. 2  General stratigraphic chart of the Gulf of Suez Basin, after El Diasty et al. (2020)



Geomech. Geophys. Geo-energ. Geo-resour.            (2023) 9:58  

1 3

Page 5 of 19    58 

Vol.: (0123456789)

steps on this seismic data were summarized in 
Fig. 1C. The data includes the velocity logs for five 
drilled wells in the study area (Rabeh-4, South Malak-
1, Hudhud-1, Tanan-1 and West Esh El Mellaha) as 
well as the mud logs and full conventional wire-line 
logs data for only two wells (Rabeh-4 well and South 
Malak-1 well).

The process of seismic interpretation begins with 
identification of the continuous prominent, high 
amplitude reflector by automatic picking using the 
PETREL software. The picked reflectors were then 
tied and correlated using well log data (composite and 
velocity logs). The well logs can help to have a useful 
geological overview and also to show the probable 
expected areas with strong reflections. Finally, the 
whole survey picking process should be tied together 
to make sure that “all intersections of the seismic 
lines are considered” by using a closed loop (Badely 
1985). The seismic reflectors would be identified on 
the basis of their acoustic characters (Omran 1990). 
These characters comprise the continuity of seismic 
reflectors, geometry, attenuation, spacing, arrange-
ment and relation between structural and sedimentary 
features.

Surface and field observation had done through a 
detailed fieldwork was carried out during several field 
seasons between 2015 and 2017. The field work com-
prises collecting measurements of different deforma-
tion pattern and structural features affected the area. 
The attitude and orientation of the different types of 
planar and linear structural fabrics (strike and dip of 
bedding as well as trend and plunge of lineations) 
were measured in the field using the Brunton Com-
pass. The structural data were usually collected at 
more or less regularly spaced stations. In the areas of 
special interest especially where the dip and direction 
of bedding planes changes the gathering of data along 
the structural profiles were of great help. The col-
lected field data representing linear fabric elements 
are subjected to structural analysis using equal area 
stereographic projection to define the major struc-
tural trends dominated the examined areas. Satellite 
imaging technique usually carried out using Regional 
Landsat thematic mapper was studied to manually to 
extract the linear features in the study area. The ARC 
GIS and Rock Works were used to delineate and anal-
yses the structural linear features. The results of trend 
analysis of structural trends data were plotted on a 
rose diagram. The presence of these linear fabrics 

associated with bedding is very important in deducing 
the directional aspects of deformations. Linear fabric 
elements are widely distributed in the different rock 
units in the study area, as it is more easily detected 
in the Precambrian basement rocks. The field meas-
urements include different linear (slickenside and fold 
axes) and planar features (bedding planes, fault planes 
and fold limbs) collected from different stations dis-
tributed all over the study area.

After that, the well-log data of the available wells 
were qualitatively examined to delineate the oil-bear-
ing intervals within the Matulla Formation. This step 
was tracked by quantitative assessment for the petro-
physical properties for the favorable intervals. The 
considered parameters comprise; water saturation 
(Sw), effective porosity (ΦE) and shale volume  (VSh). 
The Sw for different reservoir intervals was computed 
by Indonesia Model (Poupon and Leveaux 1971) 
while,  VSh, ΦT and ΦE parameters were calculated 
using the equations of Asquith and Gibson (1982).

3  Results

3.1  Seismic interpretation

3.1.1  Identification of seismic reflectors

The following is a full description for the various 
encountered reflectors arranged chronologically from 
the youngest to the oldest. Four main reflectors were 
identified through Rabeh-4 well, passing through 
25-scan seismic line at shot point 154. Two main fault 
trends were detected, one of them trending NW–SE 
from the dip lines and the other ENE–WSW from 
the strike lines. The detection of the other trends in 
the strike lines was difficult, as they lie parallel to the 
main rifting trend. Low quality data reflected on the 
trace of the reflectors and also on the interpretation of 
the lines. In addition, the tracing of the reflectors was 
very difficult, due to the highly deformed rock units 
(Figs. 3, 4, 5).

3.1.2  Description of the interpreted seismic reflectors

Four regional prominent medium to strong continu-
ous reflectors were identified, named and arranged 
from old to young as Q, F, R and K reflectors. Also, 
five seismic sequences have been identified named as: 
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pre Q reflector sequence, this sequence is top lapped 
by Q reflector, sequence A sediment bounded by 
reflectors Q & F, sequence B, the sequence depos-
ited between reflectors F & R, sequence C is the unit 
down lapped by reflector R and top lapped by reflec-
tor K. The most recent sequence of them is named the 
post K reflector, which is base lapped by reflector K.

3.1.2.1 Reflector Q Reflector Q is a strong con-
tinuous, high amplitude continuous reflector extends 
warping the base of Esh El Mellaha basin. This reflec-
tor top lapped the rift sediments and is obstructed 
south east by the fault system. At the south east this 
reflector have been cut by normal fault represent the 
last rejuvenation stage of the rift system which was 
contemporaneous with the opening of the Gulf of 
Suez fault system (Figs. 3, 4, 5).

The correlation of reflector “Q” with well log 
data (Figs. 4, 5) indicate that it represent the lower 
Miocene; Rudies Formation. This reflector has 
medium to high amplitude appearance and repre-
sent the top of the pre-Q reflector sequence. This 
reflector was picked at depth ranges between 600 

and 1400 ms. (t.w.t.) in most parts of the study area, 
which is clearly shown in line CXR 98-05. South-
ward, reflector Q can be picked with confidence at 
a depth range of 500–1200 ms (t.w.t), whereby the 
end of the profile, reflector Q pinches out south-
ward probably as a consequence of the formation 
of a graben structure as observed between shot 
points 2567–2959 in the line CXR 98-38. This gra-
ben is responsible of the uplift of the sedimentary 
sequence south west ward. Numerous antithetic and 
synthetic normal faults have been observed beneath 
and within the sequence surrounding this reflector; 
probably form a rejuvenation stage of this fault sys-
tem (Figs. 3, 4, 5).

3.1.2.2 Reflector F Reflector F is a medium ampli-
tude continuous reflector which drape reflector Q 
upward. This reflector pinches out against reflector R 
at shot point 2181. This pinch is probably referred to 
the uplift of sedimentary sequence due to faulting and 
formation of the graben structure south ward. Correla-
tion of this reflector with the well log data (Figs. 4 and 
5), suggested that this boundary represents the lower–

Fig. 3  Interpreted NE–SW seismic profile (no. 25-Scan) (For location see Fig. 1B)
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Fig. 4  Interpreted NE–SW seismic section (no. CXR 98-40) (For location see Fig. 1B)

Fig. 5  Interpreted NW–SE seismic profile (no. CXR 98-05) (For location see Fig. 1B)
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Middle Miocene part of Rudeis Formation, which can 
be picked at the basinal area of the inspected area and 
obscured away of it due to faulting of the rift system 
dominated the whole area. Reflector “F” has medium 
amplitude and cut by different faults and can be picked 
at depth of 600 ms–1300 ms (t.w.t.) in most parts of 
the study area, as shown on line CXR 98-05 (Figs. 3, 
4 and 5).

3.1.2.3 Reflector R R Reflector has a continuous to 
discontinuous appearance and is affected by faults. 
It was picked at 1100 ms (t.w.t.) in the southern part 
of the study area and was picked at 300 ms to about 
600  ms (t.w.t.) at line 25-Scan in the northern part 
of the study area. This reflector is well presented in 
most of the study area and is overlain by parallel to 
sub parallel reflectors. The Reflector R indicates that 
it represent the Lower–Middle Miocene reflector or 
probably the base of Gharandal group sediments or 
the top of Rudies Formation (Figs. 4 and 5). It has also 
a medium amplitude and frequency, downlap reflector 
“K” forming a package of parallel facies, as observed 
in most of the seismic sections at the study area.

3.1.2.4 Reflector K Reflector “K” represents the 
upper top sequence which can be picked with confi-
dence. It was picked at 1010 ms. (t.w.t.) at shot point 
1 and at 0.6 at shot point 631 in the southern part of 
the study area at line CXR 98-38, and was picked from 
600 ms at shot point 353–900 ms (t.w.t.) at shot point 
653 in the northeastern part of the study area at line 
25-Scan. Throughout the study area, it is generally 
dipping southwest. It continues and makes curvature, 
starting from shot point 553–753 at line CXR 98-05, 
as shown in Figs. 3, 4 and 5). This reflector can be eas-
ily picked in the examined seismic sections (Fig. 4 and 
5), except for the distorted reflectors. They are charac-
terized by medium amplitude, medium frequency and 
continuous to discontinuous reflectors. This reflec-
tor represents the Middle Miocene sediment or base 
Kareem Formation.

3.1.3  Seismic sequence analysis

The sedimentary sequence of the study area can be 
divided on bases of facies parameters and configura-
tion patterns into five sedimentary sequences; these 
are named from base to top.

3.1.3.1 Pre‑Q reflector sequence This sequence 
is represented by sedimentary sequence underlying 
reflector Q. This sequence represents the pre- Miocene 
sediments and is made mostly of hummocky to cha-
otic facies. This configuration pattern suggests that, 
this unit is made mainly of the pre Miocene sediment 
floored by basement rocks. The sequence was affected 
by a number faults which lead to the formation of horst 
and graben structures south east of the study area. 
Northward this sequence down lapped the sediments 
of Esh El Mellaha basin.

3.1.3.2 Sequence A This sequence is represented 
by the sediment unit bounded by reflectors Q & F. 
The seismic facies made sequence A is mostly form 
a package of parallel to sub-parallel reflectors. This 
pattern of formation and geometry suggests a uniform 
rate of deposition, as observed by the closely spaced 
reflectors. The wedge sediment of this sequence was 
terminated against a horst structure. This unit repre-
sents the lower Miocene Rudies Formation.

3.1.3.3 Sequence B This sequence represent the 
sediment unit bounded by reflectors F & R. Sequence 
B is a small wedge of parallel to sub parallel reflec-
tors pinchs out to southern east part of the study area. 
The unit shows an alternation of transparent to non-
transparent facies, which suggests inhomogeneity of 
lithologic composition. This unit displays the lower–
Middle Miocene part of Rudeis formation.

3.1.3.4 Sequence C This sediment unit is bounded 
by reflectors R & K. This unit is made up of parallel 
facies with closely spaced reflector. This configuration 
pattern of facies suggests a uniform rate of deposition 
of homogenous sediments. The thickness of this unit 
decrease to the south east of the study area, probably 
due to rifting and horst formation. This unit indicates 
the lower middle Miocene Gharandal group.

3.1.3.5 Post K sequence This comprised the sedi-
ment sequence overlying reflector K. This sequence 
comprises sediment includes the formation from 
Kareem formation to post Zeit Formation. It ranges 
of age from middle Miocene to post Miocene. The 
sequence shows a gradual change in facies characters, 
directly above reflector K, a thick transparent facies is 
observed. Northward of the sequence parallel facies 
is well developed indicating an increase in sediment 
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supply. At the top of the sequence a channeling system 
is clearly observed in Figs. 3, 4 and 5.

3.1.4  Seismic structural analysis

The structural style of the picked Miocene Rudies and 
Kareem formations is different than the Pre-Miocene. 
There are major groups of faults identified from the 
seismic profiles as follows:

3.1.4.1 Fault system F1 This fault system consists 
of major synthetic faults and some minor, second-
ary faults, their sense of  displacement is opposite 
to its associated major and synthetic faults (Figs. 3, 
4 and 5). Antithetic-synthetic fault system is typi-
cal in areas of high normal faulting. The formation 
of antithetic faults confirms the rotation in the Esh 
El Mellaha fault block. The fault system F1 trends 
NNW–SSE (Gulf of Suez trend), which affects the 
pre-Miocene to the Miocene sequence. These faults 
strike approximately N 35° W and dip either to NE 
and SW. The irregular pattern of antithetic-synthetic 
faults is mainly formed due to the cross disturbance 
accompanied with lateral displacements parallel to 
the Aqaba trend.

3.1.4.2 Fault system F2 F2 fault system is the north-
ern extension of the F1 system which has the trend of 
NNW–SSE (Gulf of Suez trend), which cut the pre-rift 
and younger sediments up to the Miocene sequence. 
Antithetic-synthetic fault system is the major con-
trol of the structure in this area. A major NNW–SSE 
trending fault dipping NE is identified. It is related to 
the rift bounding fault which juxtaposes the Precam-
brian younger granites against the Miocene and pre-
Miocene sequence.

3.1.4.3 Horst–graben structures The interpretation 
of the seismic data indicate the occurrence of horst 
and graben structures as observed in Figs.  3, 4 and 
5. The horst structure is identified below the uplifted 
area between shot point 2760–2959 at the south east of 
the study area. The graben structure exists to the north 
of the horst at shot points 2567–2381 and marks the 
onset of the Esh El Mellaha basin. The horst and gra-
ben structure is a common feature in the Gulf of Suez 
area and extended to the boundary of Esh El Mellaha 
basin. The triggering mechanism of the horst and gra-
ben structure is greatly attributed to the Red Sea rifting 

and the opening of the Gulf of Suez and Gulf of Aqaba 
(e.g. Abd-Allah 2014; Amer et al. 2012; Moustafa and 
Khalil 2020).

3.1.4.4 Extensional fault system Extension faults 
are observed firming the base of Esh El Mellaha basin, 
it formed as step faults or an echelon type faults. These 
faults is greatly responsible for the subsidence of the 
basin floor which marked by reflector Q. The exten-
sion faults have the Gulf of Suez trend which suggests 
that the extension of the Esh Mellaha basin took place 
by the end of the Red Sea rift system.

3.1.4.5 Channels fill system Two major channel sys-
tems were observed at the top of the post k sequence. 
These channel played a major role in transporting the 
sediment infill of Esh El Mellaha basin. The time of 
the sediment infill was probably at the end of the mid-
dle Miocene, since the initiation of motion along the 
Aqaba transform fault led to a restricted subaqueous 
depositional environment in the Esh El Mellaha basin. 
The channels detected in the seismic profiles confirm 
that post-K sequence was deposited in a restricted 
basin as shown in Figs. 3, 4 and 5.

3.1.5  Mapping of the identified reflectors

Identification of the seismic boundaries or reflectors 
depends primarily on the contrast of their acoustic 
impedance contrast and consequently their reflectivity 
and polarity. The picked depths of seismic reflectors 
in two-way time were plotted on the shot point loca-
tion map and contoured (Fig. 6).

3.1.5.1 Structural map of  reflector K The con-
tour map of reflector “K” (Fig. 6A) was constructed 
with contour interval of 350 ms (t.w.t.). The depth of 
reflector K in the study area ranges between 700 and 
1350 ms in the eastern part. near WEEM well. It also 
increases toward the southern part of the study area. 
The depths increase gradually toward the northwest-
ern and southern parts of the study area. The maxi-
mum value obtained is 1400 ms (t.w.t.) at the north-
western part of the map. Some closed contour lines, in 
the eastern and southeastern parts of these maps were 
noticed. The area is affected by a number of faults that 
have two different trends. Faults of the NW–SE trend 
is observed at the northwestern part of the map with 
a northeast throw parallel to the Gulf of Suez rifting 
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trend. At the central and southern parts, another group 
of faults was detected trending ENE-WSW and throw-
ing southward, which are probably related to old Pre-
cambrian cross elements.

3.1.5.2 Structural map of  reflector R The struc-
tural map of reflector “R” (Fig. 6B) is constructed by 
using contour interval of 400 ms. It is varying in depth 

between 300 and 1600 ms. The minimum depth value 
(350  ms) is obtained in the northeastern part of the 
map, while the maximum value (1600 ms) is located 
in the western and northwestern parts. This reflector 
is characterized by clear change in the depth, espe-
cially in the northwestern parts of the map and deep 
contours in the southeastern part. It is also affected by 
many faults, due to the rejuvenation of old trends and 

Fig. 6  Time–structural contour maps for the picked seismic reflectors in the study area. A Showing seismic reflector “K”. B Dis-
playing seismic reflector “R”. C Showing seismic reflector “F”. D Displaying seismic reflector “Q”
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new trends of the rifting. A new set of normal faulting 
is noticed in the middle part of the map, which trends 
in the NNW–SSE (Gulf of Suez trend) and minor syn-
thetic NE–SW faults (Gulf of Aqaba trend). The throw 
of the major fault in the northwestern part is toward 
the northeast, while the throw of the set of faults in 
the middle of the map ranges from northeast to south-
west “forming a highly deformed area of grabens and 
horsts” extended to step or extensional fault pattern.

3.1.5.3 Structural map of  reflector F The contour 
map of reflector “F” is constructed by 350 ms contour 
interval (Fig. 6C). It has a depth average contour about 
500 ms. The maximum value of the depth to reflector 
F is 1750 ms, which lies at the northwestern part of the 
map and at the southeastern part. The minimum depth 
value is 210 ms, which lies in the eastern portion of 
the studied area. The depth to this reflector is changed 
remarkably, especially in the northwestern part of the 
map and deep contours reaching about 2500 ms in the 
southeastern part. It is observed that, the number of 
faults affecting this reflector are greater than the num-
ber of faults affecting the two previous reflectors (K 
& R), which is probably attributed to the activity of 
the rifting processes. The faults affecting this reflec-
tor are striking in the major NW–SE rifting trend, 
with a northeast ward throw in the northwestern part. 
The faults in the southern part of the map are throw-
ing northeast to southwest, forming a highly deformed 
area of grabens and horsts structures with synthetic 
faults trending NNE–SSW.

3.1.5.4 Structural map of  reflector Q The struc-
tural map of reflector “Q” (Fig. 6D) is constructed by 
contour interval 350 ms, with a depth average rang-
ing between 350 ms in the eastern part and increases 
toward the western part to reach 1800  ms. and also 
at the southern part. The depth values increase gradu-
ally toward the northwestern and southern parts of the 
study area. The maximum contour value is 1800 ms, 
which occurs in the northwestern part. In the map, 
closed contour lines are lying in the western and 
northwestern sides. This reflector is the oldest picked 
reflector, which is affected by many faults “due to its 
depth” in comparison with the other three overlying 
reflectors. These faults are striking in the major NW–
SE rifting trend; it has a throw toward the northeast in 
the northwestern part. One of these faults is throwing 
west ward, forming a graben, where the contour values 

are noticed to be higher than the other parts. In the 
southern part of the map, the throw ranges from the 
northeast to the southwest, forming a highly deformed 
area of grabens and horsts, with synthetic faults trend-
ing NNE–SSW.

3.2  Interpretation of surface structural trends

The results of trend analysis of the detected faults sys-
tems that affected reflectors K, R, F and Q reflectors 
or Kareem, Upper Rudies, Rudies and Lower Rud-
ies formations are plotted as a rose diagram showing 
their trend frequencies (Fig. 7). The major trends are 
NNW–SSE, NW–SE, NNE–SSW and ENE–WSW, 
respectively, in a decreasing order. The most abun-
dant trend is to the northwest of the normal faults 
and the smaller to the northeast of the shear faults 
(Fig.  7B). The total length frequencies of all linea-
tions of the Kareem Formation is nearly about 2.64, 
while the frequencies of the other reflectors R, F and 
Q of the Rudies Formation are 17.8, 26.44 and 26.57, 
respectively. The intensity of the stresses increases 
“as the depth increases in the Miocene section” with-
out remarkable change in their trends. It is not a role 
to increase the stresses with depth, but the stresses 
may increase and decrease formation-wise. This may 
be evidenced by the parameters of the faults.

The fracture and accordingly the fracture analysis 
expressions should not be used without the presence 
of predominantly evidence supported by the field 
actuality and at least about 70 percent of the linear 
features are controlled structurally (El- Etr 1967). 
This leads to confirm that, all fractures are linear, but 
not all-linear features are necessarily fractures (Mal-
lard 1958), which correspond with the definition of 
air photo linears (Blanchet 1957; Lattman 1958).

The major trends of linear features (Fig. 8) derived 
from the field observations with the satellite image 
(Fig.  8A) are detected and analyzed. The azimuth-
trend frequency rose diagram for these measure-
ments is drawn and compared to its counterpart in 
the subsurface derived from the maps. The major 
trends are NNW–SSE, WNW–ESE, ENE–WSW, and 
NNE–SSW, respectively. The results of trend analysis 
of the structural trends data are plotted on a rose dia-
gram (Fig. 7A).
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3.3  Petrophysical parameters

Based on the available mud log reports for Rabeh-4 
well and South Malak-1 well, the entire sandstones 
of Matulla Formation comprises; colourless, tannish 
white, off-white, yellowish white, light brown col-
ours, very fine to medium-grained sandstones, mod-
erately sorted, sub-angular to sub-rounded, with 
kaolinite and glauconite. These previous features 
reflect the moderately textural maturity of Matulla 

sandstones. Furthermore, these sandstones display 
brown to dark brown oil stains and occasionally 
spotty oil stain, golden yellow fluorescence and 
pale blue moderate stream-cut. The mud logs are 
also displaying high values of chromatographic gas 
analysis beside the attendance of oil shows opposite 
the uppermost sandstones of Matulla Formation in 
both wells.

The visual inspection of the well-log data for Mat-
ulla Formation in Rabeh-4 well reveals three pay 

Fig. 7  Rose diagrams and histogram distribution of lineament frequencies for A surface field measurements and B subsurface 
detected elements
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intervals locate between 5975 and 6200  ft in depth 
(Fig. 9). These intervals together display 85 ft thick. 
While the only potential zone in South Malak-1 well 
lies between depths of 10,870 and 10,900  ft (30  ft 
thick) (Fig. 9).

Numerous characteristics were used to infer the 
superiority of the tested intervals as potential oil res-
ervoirs, including the low shale content as shown by 
the low gamma-ray log values, the high values of the 
deep-resistivity log, the sandy matrix, and the high 
porosity values of the neutron curve, (Fig. 9).

The performed petrophysical calculations in the 
assessed wells for the promising intervals inside Mat-
ulla Formation specify that the shale volume is usu-
ally below than 5% in Rabeh-4 well and reaches 20% 
in South Malak-1 well. Therefore, the effective poros-
ity is greater in Rabeh-4 well, where values range 
between 15 and 25% (i.e. 20% in average), whereas, 
in South Malak-1 well these values vary between 5 
and 15% (i.e. 10% in average).

The Neutron-Density cross-plots (Schlumberger 
1972) for the three oil zones in Rabeh-4 well shows 
clearly the high porosity values (20–25%) with the 

grouping of the plotted points close to the sandstone 
line (i.e., reflecting the cleaner sand with lower shale 
content) (Fig.  10). However, the potential reservoir 
interval in South Malak-1 well shows a lower porosity 
value (10–15%) and reveals several points clustering 
around and below the limestone line. This is caused 
by the shale effect, which led to an apparent increase 
in the density values of the plotted sand grains 
(Fig. 10).

The majority of the calculated Sw values are usu-
ally varying between 35 and 50% in Rabeh-4 well, 
whereas, in South Malak-1 well ranging between 40 
and 60%. The constructed Pickett cross-plots (Pick-
ett 1972) demonstrate that the majority of the points 
corresponding to the oil reservoirs in the examined 
wells should be grouped beneath the Sw = 50% line, 
confirming the petrophysical calculations and high-
lighting the significant potential of these intervals. 
(Fig. 11).

Fig. 8  A Enhanced satellite image showing the seismic profiles of the west Esh El Mellaha basin, Gulf of Suez, Egypt. B Surface 
lineaments map of the study area, west Esh El Mellaha basin, Gulf of Suez, Egypt
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4  Discussion

Structural evolution of the Esh El Mellaha basin 
through the interpretation of the seismic data, satellite 

image analysis and surface structural observation 
indicated that the study area have been affected by 
regional tectonics. The subsurface structures com-
prises a major NNW–SSE trending fault system 

Fig. 9  Wireline logs with interpretation display the oil-pay zones within Rabeh-4 well and South Malak-1 well
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Fig. 10  Neutron–Density cross-plots for the oil zones within Rabeh-4 well and South Malak-1 well
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which is dipping NE and SW which form a group of 
horsts and grabens in the basin. Esh El Mellaha basin 
is bounded by NNW–SSE rift bounding faults which 
bring the basement against the younger pre-Miocene 
and Miocene sediments.

Using the geophysical studies on Esh El Mellaha 
area using magnetic methods and gamma spectro-
metric, Khalil (1992) concluded that the area has two 
major high anomalies which affected by two sets of 
faults one of them trending ENE–NE and the other 
one is trending NNW. The uplift occurred during 

Fig. 11  Pickett cross-plots for the reservoir intervals within Rabeh-4 well and South Malak-1 well
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the late Miocene, caused movements along the fault 
planes in the dip direction, which formed the oblique 
type faulting (Abu El-Ata and Helal 1992). The Gulf 
of Suez evolution model proposed by Omran (1995) 
deduced that the Gulf of Suez trend is considered as 
a right- lateral direction which has been rejuvenated 
periodically, but mainly during the Hercynian and 
Alpine (Laramide and Syrian) oroginies. This trend is 
considered to be the principal controlling direction in 
the Red Sea–Gulf of Suez Rift system. The subsur-
face interpretation from aeromagnetic data using the 
Euler method with integration of observed field data 
of Esh El Mellaha area resulted that the area is dis-
sected by a system of faults striking in the NW direc-
tion (Aboud et al. 2004).

According to Hammed (2002) four fault trends 
were recorded in Esh El Mellaha area. The Gulf 
parallel or Clysmic fault trend (NNW–NW), the E- 
to ENE- cross trend, the Duwi N 75  W trend and 
the Aqaba NNE-trend. Field study and the pale-
ostress analysis were carried out, which resulted 
that four Late Tertiary rifting phases affected Esh 
El Mellaha area. The rotation of the pre-rift rocks 
throughout the rifting phase caused the syn-rift 
rocks rest in the structural low areas of the pre-
rift units. Esh El Mellaha block was a relatively 
uplifted block. It was uplifted after the depositional 
process of the Miocene Rudies Formation and rep-
resented as the western rift shoulder for a deep 
marine basin eastward (Abd-Allah et al. 2014).

The surface field study in this work indi-
cated that the major fault trends recorded in the 
study area are NNW–SSE Gulf parallel trend, 
ENE–WSW old Precambrian cross faults and 
NNE–SSW Aqaba trend, while the Duwi trend is 
not detected.

The results of the present work showed that, the 
Esh El Mellaha area is dissected by a system of 
faults. It is controlled mainly by major faults strik-
ing NNW–SSE to NW–SE direction, with down 
thrown to the southeast and some are throwing 
southwest, which in turns form horst and graben 
structure. This trend is directly related to the Clys-
mic fault trend which is a Gulf parallel fault trend-
ing approximately N 35° W.

These structural elements are related to the Gulf 
of Suez rift system. The study area is characterized 
mainly by the presence of main structural trends 
NW–SE and NNW–SSE the rifting fault trend 

and Aqaba NNE–SSW trend, which are dissected 
by the cross elements expressed by shear faults 
trending ENE–WSW (old Precambrian cross fault 
trend), that are perpendicular to the major Clysmic 
trend of the rifting.

The sandstones of the Matulla Formation in 
Rabeh and South Malak fields, southern Esh El 
Mellaha area are potential oil reservoir in the study 
area. In Rabeh field, the effective porosity is 20%, 
water saturation is 40% and the total net pay zones 
thickness is 85 feet. While, in South Malak field, 
the effective porosity is 10%, water saturation is 
55% with 30 ft net pay thick. Accordingly, the cur-
rent study emphasised the oil potentiality of the 
Matulla sandstones for future development and 
exploration processes in Esh El Mellaha basin.

5  Conclusions

• The main structural system controlling the area 
is trending NW–SE and NNW–SSE which are 
related to the Clysmic event (the rifting initia-
tion).

• Another NNE–SSW trending system is affecting 
the study area, which represents the Aqaba-dead 
sea transform trend.

• The cross elements dissecting the major trends 
are shearing faults trending ENE-WSW, which is 
related to the old Precambrian cross fault trend.

• Esh El Mellaha block was uplifted during the 
middle to late Miocene post kareem Formation.

• The western rift shoulder is trending NNW–
SSE and dipping eastward, where deep marine 
sediments which deposited to the east of the rift 
shoulder are in faulted against the Precambrian 
rock units.

• The sandstones of Matulla Formation exhibit 
promising hydrocarbon reservoir in Esh El Mel-
laha basin.

• The reservoir intervals within Matulla sand-
stones display valuable capability for good res-
ervoirs conditions with thicknesses varies within 
30–85  ft range; effective porosity between 10 
and 20%; shale volume between 5 and 20%; and 
water saturation ranges between 40 and 55%.

• According to these findings, future explorations 
in the Esh El Mellaha basin are recommended 
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and should focus on the Matulla Formation espe-
cially in Rabeh and South Malak fields
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