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Abstract This work comprises a study of the sequence
stratigraphy, seismic-facies analysis, biostratigraphy and
depositional environments of the northern part of the Gulf
of Suez, Egypt, using a set of 24 3D seismic profiles,
composite logs and sonic logs from ten wells. The syn-rift
formations in the studied ten wells are described litholog-
ically and interpreted based on investigating two seismic
profiles. Biostratigraphically, the Miocene fossils are
identified to correlate the five planktonic foraminiferal
biozones in the examined boreholes (RB-A1l, RB-B1, RB-
B3, EE85-2 and RB-Cl). The sequence stratigraphic
analysis suggests that the Miocene succession can be
subdivided into two major third order depositional
sequences (S1 and S2) separated by the three major
sequence boundaries (DSB1, DSB2 and DSB3).
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1 Introduction

The Gulf of Suez covers an area of about 25,000 km?. Tt
extends from latitude 27° 30'N to 30° 00'N as a northwest-
elongated structural depression at the northern end of the
Red Sea. It is 350 km long, while its width varies from
52 km in the north to 90 km in the south. Both the eastern
and western coastal belts exhibit a sedimentary sequence
that extends offshore. The Gulf of Suez is a rather shallow
and narrow body of water. Its average depth does not
exceed 55 m. Several islands, formed by emerging fault
blocks, are present near its junction with the Red Sea. The
gulf itself is bordered by a similarly structured coastal belt.
The proven overall onshore and offshore oil potential is
distributed within about 38,500 km> (Schlumberger 1984).

The study area is located in the northern part of the Gulf
of Suez (Belayim offshore concession area), approximately
4 km from the east coast of Gulf of Suez and 13 km
northwest of Abu Rudeis, at a water depth of approxi-
mately 43 m. It is restricted between latitudes 29° 00’ and
28° 50'N and between longitudes 32° 50" and 33° 10'E
(Fig. 1). The objective of this paper is to investigate the
nature of the geologic events (biostratigraphy and facies
changes), and hence interpret the sequence stratigraphy of
the syn-rift rocks in the northern part of the Gulf of Suez
and their impact on hydrocarbon exploration.

2 Geologic setting

The Gulf of Suez structure is affected by a complicated
fault patterns: NW clysmic faults, E-W and N-S to NNE—
SSW trending normal faults (Garfunkel and Bartov 1977,
Colletta et al. 1988; Moustafa 1993; Bosworth 1995;

) Birkhauser
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Fig. 1 Tectonic map of the Gulf of Suez Rift modified after Bosworth and McClay (2001). The study area (rectangle, including location of the

wells) is located in the Belayim dip province

McClay et al. 1998). There are also NE trending strike-slip
faults crossing the gulf basin.

The extension of the Gulf of Suez rift basin was inter-
preted as a result of the interaction of the four major fault
trends during the Late Oligocene-Early Miocene. Three of
these trends are the Clysmic trend, North-oblique faults
trend and Northwest-oblique faults trend (Patton et al.
1994). The fourth trend faults are oriented between 50° and
75° azimuth and have been referred to as cross faults
perpendicular to the clysmic trend. Both oblique left-lateral
and oblique right-lateral strike-slip motions have been
recorded for the cross-trending faults (Younes and McClay
2002). According to their structural setting and regional dip
direction, the Gulf of Suez is subdivided into three struc-
tural provinces. These three structural provinces are sepa-
rated from each other by two NNE-SSW hinge zones: the
Galala-Abu Zenima Accommodation zone in the north, and
the Morgan Accommodation zone in the south (Fig. 1,
Patton et al. 1994). These provinces, from north to south
are the northern Araba dip province (SW dips), the central

Belayim dip province (NE dips), and the southern Amal-
Zeit dip province (SW dips, Fig. 1). The study area is
located in the central Belayim dip province (Fig. 1).

The Miocene successions of the study area as derived
from drill holes data (Fig. 2) consists of syn-rift sediments
representing important source, reservoir and seal rocks that
unconformably overlie the Eocene Thebes Formation.
They range in age from Oligocene (Abu Zenima red beds)
and syn-rift volcanics to Miocene (Nukhul, Rudeis, Kar-
eem, Belayim, South Gharib and Zeit Formations), and
post-rift units that is represented by Pliocene-Recent post-
Zeit rocks. This phase closes the depositional history of the
Suez graben area (Schlumberger 1995).

3 Description of Syn-rift sediments
The syn-rift formations as exhibited in the seismic profiles

Crossline 315 and Inline 200 (Figs. 1, 3, 4) are distributed
along the offshore northern part of the Gulf of Suez region.
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Fig. 2 Generalised stratigraphic column of the Miocene succession shows the tectonic environment of deposition and palaeobathymetry of the
northern part of the Gulf of Suez (modified after Naggar and El-Hilaly 1985)

Six lithostratigraphic units are distinguished. From base to
top, they are: Nukhul, Rudeis, Kareem, Belayim, South
Gharib and Zeit formations (Figs. 3, 4, 5, 6, 7).

3.1 The Nukhul Formation

The Nukhul Formation is recorded only in three wells (RB-
Al, EE85-2 and RB-C1), while it is missing in two other
wells (RB-Bland RB-B3) as shown in Figs. 1, 5, 6, 7. This
formation is also not recorded on the seismic profiles due to
poor processing (Figs. 3, 4, 8, 9, 10, 11). The Aquitanian-
Early Burdigalian Nukhul Formation is composed of
sandstones, limestones and marls, reflecting the first marine
syn-rift sequence in the Gulf of Suez. Its type section is in
Wadi Nukhul (Scott and Govean 1985; Bosworth and

McClay 2001). In the study area this formation uncon-
formably overlies the Abu Zenima red beds (Fig. 2). The
Nukhul Formation comprises also chert clasts of Eocene
and Late Cretaceous origin and basement-derived basalt,
indicating extensive early rift erosion during the deposition
of this formation (Bosworth and McClay 2001). The base
of this formation coincides with the lower depositional
sequence boundary (DSBI1) of the lower depositional
sequence (Figs. 2, 5, 6, 7, see Sect. 5 for more discussion).

3.2 The Rudeis Formation
The Rudeis Formation consists mainly of shales, argilla-

ceous limestones, calcareous shales and marls (Figs. 3, 4,
5, 6, 7) deposited in deeper marine environment
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Fig. 3 a Interpreted seismic (A)
section Crossline 315, passing

through the Middle part of the 0-
study area and running NW-SE
direction (Fig. 1). This section
illustrates the two depositional
sequences and their bounding
sequence boundaries (DSB2 and
DSB3). The lower sequence
boundary (DSB1) is not
recorded due to poor processing.
b Geologic interpretation of the
seismic section Crossline 315
reveals the different lithologic
facies of the Miocene units of
the two depositional sequences
(for legend see Fig. 5)
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(Richardson and Arthur 1988). The thickness of this for-
mation varies from 689 m at well EE85-2 to 229 m at well
RB-B1 (Fig. 7). The Rudeis Formation is subdivided into
Lower Rudeis and Upper Rudeis units (Bosworth and
McClay 2001). The Lower Rudeis Member consists of
argillaceous limestones, calcareous shales and marls and its

Depositional Sequence

thickness changes from 215 m at well Al to 400 m at well
EE85-2 (Figs. 5, 6, 7). It is eroded towards the central part
of the study area at wells (RB-B1 and RB-B3, Figs. 5, 6, 7)
contemporaneous with the beginning of significant rift
shoulder uplift at 22 £ 1 Ma (Omar et al. 1989). The
Rudeis Formation is unconformably underlain by the
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Fig. 4 a Interpreted seismic
section Inline 200, passing
through the middle part of the i
study area and running NE-SW :
direction (Fig. 1). This section
shows two cross normal step
faults in the SW (dipping
towards the NE) and another
cross fault in the NE (dipping
towards SW) in the form of
graben. Like Crossline 315, it
also shows the two depositional
sequences and their bounding
sequence boundaries (DSB2 and
DSB3), while the lower
sequence boundary (DSB1) is
also not recorded due to poor
processing. b Geologic
interpretation of the seismic
section Inline 200 shows the
different lithologic facies of the
Miocene units of the two
depositional sequences. This
Inline denotes also the
lithofacies changes of the post-
Zeit Formation from mainly
sandstones and limestones at the
SW to mainly sandstones,
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Eocene Thebes Formation at the central part of the study
area at wells and conformably overlain by the Kareem
Formation (Figs. 5, 6, 7) and is dated as early Burdigalian.
The base of this formation cannot be followed on the
seismic profiles due to poor processing (Figs. 3, 4). The
deposition of the Lower Rudeis Member is followed by
faulting, uplifting, tilting and deep erosion as well as
regional and rapid subsidence of the Gulf of Suez basin
referred to the “mid-clysmic” or “mid-Rudeis” event
during which basin asymmetries (including transfer-ac-
commodation-zones) in the rift basin were formed (Patton
et al. 1994). Uneven topography created during intra-
Rudeis erosional unconformity was filled in by sediments
of the overlying Upper Rudeis Member (Naggar and El-

Hilaly 1985). This member consists of shales, argillaceous
limestones, calcareous shales and marls and its thickness
varies from 289 m at well EE85-2 to 666 m at well RB-C1
(Figs. 5, 6, 7).

3.3 The Kareem formation

The Middle Miocene (Late Langhian/Early Serravallian,
Ouda and Masoud 1993) Kareem Formation is composed
mainly of calcareous shales, argillaceous limestones and
marls with few anhydrites at the base (Figs. 3, 4, 5, 6, 7).
The thickness of this formation varies from 149 m in well
RB-Al to 216 m in well EE85-2 and it unconformably
overlies the Rudeis and underlies Belayim Formation
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Fig. 5 Biostratigraphic correlation between the three studied wells RB-B1, RB-B3 and EE85-2. This figure shows

depositional sequences and their bounding sequence boundaries (DSB1, DSB2 and DSB3) between these wells

(Hewaidy et al. 2013, Fig. 7). The Kareem Formation is
subdivided into Markha and Shagar members (Bosworth
and McClay 2001, Figs. 3, 4). The appearance of the first

also the correlated two

Middle Miocene evaporites of the lower Markha Member
(Figs. 3, 4) denotes the abrupt facies change and basin

restriction  during

the deposition of early Kareem
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Fig. 6 Biostratigraphic correlation between the three studied wells RB-C1, RB-B1 and RB-Al. This figure reveals also the correlated two
depositional sequences and their bounding sequence boundaries (DSB1, DSB2 and DSB3) between these wells

Formation time (Bosworth and McClay 2001). The in the southern Gulf region contemporaneous with the
boundary between the Rudeis and Kareem formations is  continuation of the “mid-clysmic” or “mid-Rudeis” event
marked by differential uplift due to renewed block rotation; (Patton et al. 1994; Bosworth and McClay 2001).
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Fig. 8 Lithologic section of the Miocene succession well EE85-2
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3.4 The Belayim Formation

The Middle Miocene (Late-Serravallian, Evans 1990)
Belayim Formation consists mainly of anhydrites, argilla-
ceous limestones and Calcareous shales (Figs. 3, 4, 5, 6, 7).
This formation unconformably overlies the Kareem For-
mation (Bosworth and McClay 2001) and its thickness
varies from 237 m in well EE85-2 to 280 m in well RB-C1
(Fig. 7). The deposition of the evaporites of this formation
denotes a major vertical facies change in the Gulf of Suez
rift basin (Bosworth and McClay 2001). The base of this
formation coincides with the upper depositional sequence
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wells are also extended along wells of El-Heiny and Martini (1981)
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boundary (DSB2) of the lower depositional sequence
(Figs. 2, 3,4, 5,6, 7, 8,9, 10, 11, see Sect. 5 for more
discussion).

3.5 The South Gharib Formation

South Gharib Formation consists mainly of salts, anhy-
drites and calcareous shales with few limestones interbeds
(Figs. 3, 4, 5, 6, 7). This formation conformably overlies
the Belayim Formation and its thickness varies from 223 m
in well RB-A1 to 581 m in well RB-C1 (Fig. 7).
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Fig. 10 Lithologic section of the Miocene succession well RB-B3
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3.6 The Zeit Formation

Zeit Formation consists mainly of anhydrites and calcare-
ous shales besides salts at the southeast (Figs. 3, 4). This
formation conformably overlies the South Gharib Forma-
tion with thickness variations from 66 m in well RB-CI to
515 m in well EE85-2 (Fig. 7). The Late Miocene (Mes-
sinian) Zeit Formation is unconformably underlain the
Pliocene post-Zeit Formation (Figs. 2, 3,4,5,6,7,8,9, 10,
11). This unconformity surface, which separates these two
formations marks the top anhydrite bed of the Zeit For-
mation (Evans 1988). The top of this formation coincides
with sequence boundary DSB3 of the upper depositional
sequence (Figs. 2, 3,4,5,6,7,8,9, 10, 11, see Sect. 5 for
more discussion).
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3.7 The post-Zeit formation

The facies of the post-Zeit formation varies from mainly
anhydrites and sandstones, limestones and calcareous
shales to sandstones and limestones at the southwest
(Figs. 3, 4). The thickness of this varies from 900 m in well
RB-C1 to 946 m in well RB-A1 (Fig. 7).

4 Biostratigraphy

This part deals with the biostratigraphy of the Miocene
sequence in the northern part of the Gulf of Suez, Egypt.
According to the available data, the described index taxa
and the identified biozones are based mainly on the
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Fig. 11 Lithologic section of the Miocene succession well RB-Al
(left) correlated with the interpreted major depositional sequence
boundaries of the seismic section Inline 170 (middle) and a the Arabic

palaeontologic data taken from composite logs of the Suez
Oil Company (SUCO) (Figs. 5, 6, 7). The herein applied
zonal scheme is based primarily on a planktonic for-
aminiferal biozonal scheme of Bolli and Saunders (1985).

4.1 Planktonic foraminiferal biozones

The five planktonic foraminiferal biozones (Figs. 5, 6, 7)
recognised in the studied five boreholes (RB-A1l, RB-B1,
RB-B3, EE85-2 and RB-Cl, location indicated in Fig. 1)
are compared well to those of El-Heiny and Martini (1981)
and Boukhary et al. (2012) (Fig. 7) and are briefly dis-
cussed from base to top as follows:

4.1.1 Globigerinoides primordius Zone

Category: Concurrent range zone
Age: Early Miocene (Aquitanian)
Author: Blow (1969)

Definition: Interval from first occurrence of frequent Glo-
bigerinoides primordius/trilobus s.1. to last occurrence of
Globorotalia kugleri Zone.

Remarks: This zone is recorded from wells RB-A1, EE85-2
and East RB-C1 (Figs. 5, 6, 7) while it is missing in wells
RB-B1 and RB-B3. The thickness of this biozones ranges
from 235 m in well RB-Al to 442 m in well EE85-2 and it
spans the Lower Rudeis Member (Figs. 5, 6, 7). The
absence of this zone in wells RB-B1 and RB-B3 is related
to the “mid-clysmic” or “mid-Rudeis” event following the
deposition of the Lower Rudeis Member resulted in uplift
and erosion of this member (Figs. 5, 6). The Globigeri-
noides trilobus trilobus Zone in wells RB-A1, EE85-2 and
East RB-C1 (Figs. 5, 6, 7) unconformably overlie this
zone. The absence of G. primordius Zone in El-Heiny and
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Platform Cycle Chart (modified after Sharland et al. 2001; Haq and
Al-Qahtani 2005), b the global sea level curve of Haq et al. (1987)

Martini (1981) may also be related to the “mid-clysmic” or
“mid-Rudeis” event (Figs. 5,6, 7). G. primordius Zone is
equivalent to the Globoquadrina binaiensis (M2) partial-
range Zone of Berggren et al. (1995) and Wade et al.
(2011) and G. primordius Zone of Hewaidy et al. (2016). In
Egypt, this zone is recorded from the base of the Rudeis
Formation (Andrawis and Abdel Malik 1981; El-Heiny and
Martini 1981; Haggag et al. 1990; Mandur 2009; Hewaidy
et al. 2012, 2016).

4.1.2 Globigerinoides trilobus trilobus Zone

Category: Interval zone
Age: Burdigalian, Early Miocene
Author: Bizon and Bizon (1972)

Definition: Interval from last occurrence of G. altiapertu-
rus to first occurrence of Praeorbulina glomerosa.

Remarks: This zone is recorded from RB-A1l, RB-B1, RB-B3
and RB-C1 (Figs. 5, 6, 7) while it is missing in well EE85-2.
The thickness of this biozone ranges from 25 m in well RB-
Al to 290 m in well RB-Bland it spans the lower part of the
Upper Rudeis Member (Figs. 5, 6, 7). The P. glomerosa s.l.
Zone overlies this zone (Figs. 5, 6, 7). Globigerinoides tri-
lobus trilobus Zone is correlated well to that of El-Heiny and
Martini (1981) (Fig. 7). Globigerinoides trilobus trilobus
Zone is equivalent to the G. trilobus Zone which was recor-
ded by many authors (Haggag et al. 1990; Phillip et al. 1997,
Hewaidy et al. 2016) and to the C. dissimilis/Praeorbulina
sicana (M4) Zone of Hewaidy et al. (2013).

4.1.3 Praeorbulina glomerosa s.l. Zone

Category: Lineage zone
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Age: Langhian, Early Miocene
Author: Bizon and Bizon (1972)

Definition: Interval from first occurrence of P. glomerosa
to first occurrence of Orbulina suturalis.

Remarks: This zone is found in wells RB-A1, RB-B1, RB-B3,
EES85-2 and RB-Cl1 (Figs. 5, 6, 7). The thickness of this zone
ranges from 229 m in well RB-B1 to 429 m in well RB-B3
and it spans the upper part of the Upper Rudeis Member
(Figs. 5, 6, 7). It is conformably overlain by the Globorotalia
fohsi peripheroronda Zone (Fig. 5, 6, 7). P. glomerosa s.1.
Zone is equivalent to that of El-Heiny and Martini (1981)
(Fig. 7). P. glomerosa s.1. Zone could be correlated to the P.
glomerosa Zone of Kerdany (1968) in the Gulf of Suez, and
Farouk et al. (2014) in the Nile Delta. It is equivalent to the P.
glomerosa Zone described by Bolli (1957, 1966), Stainforth
etal. (1975), and Postuma (1971). This zone is equated to the
lower part of the P. sicanus/O. suturalis Zone (MS5) of
Hewaidy et al. (2013) and P. glomerosal/O. suturalis Zone
(M5Db) of Boukhary et al. (2012) (Fig. 7).

4.1.4 Orbulina suturalis: Globorotalia fohsi
peripheroronda Zone

Category: Concurrent range zone
Age: Langhian-Serravallian, Early to Middle Miocene
Author: Bizon and Bizon (1972)

Definition: Interval from first occurrence of O. suturalis to
last occurrence of Globorotalia fohsi peripheroronda.

Remarks: This zone isrecorded in wells RB-A1, RB-B1, RB-
B3, EE85-2 and RB-C1 (Figs. 5, 6, 7). The thickness of this
biozone ranges from 149 m in well RB-A1 to 216 m in well
EES85-2 and it spans the Kareem Formation (Figs. 5, 6, 7).
This biozone is unconformably overlain by the depositional
sequence boundary DSB2 (Figs. 5, 6, 7). O. suturalis—
Globorotalia fohsi peripheroronda Zone is correlated well to
that of El-Heiny and Martini (1981) (Fig. 7). O. suturalis—
Globorotalia fohsi peripheroronda Zone could be correlated
with G. peripheroronda (M6) Zone of Hewaidy et al. (2013)
and Boukhary et al. (2012) (Fig. 7).

4.1.5 Globigerinoides ruber zone

Category: Interval zone
Age: Middle Miocene
Author: Bolli (1966)

Definition: Interval with zonal marker from last occurrence
of Globorotalia fohsi robusta to last Miocene occurrence of
zonal marker.

Remarks: This zone is found in wells RB-A1, RB-B1, RB-
B3, EE85-2 and RB-C1 (Figs. 5, 6, 7). The thickness of
this biozone ranges from 36 m in well RB-Al to 46 m in
well RB-C1 and it spans the upper part of the Belayim
Formation (Figs. 5, 6, 7). The lower part of this formation
is barren (see also Hewaidy et al. 2016). This biozone is not
recorded in El-Heiny and Martini (1981) (Fig. 7).

5 Sequence stratigraphy and seismic facies
analysis

Seismic facies analysis of the Miocene succession allows
to divide the seismic sections into depositional sequences
bounded by sequence boundaries according to Vail et al.
(1977a, b, c), (Vail 1987), Wagoner et al. (1988, 1990),
Posamentier and Weimer (1993), Emery and Myers (1996),
Catuneanu (2006). Some interpreted seismic sections are
tied with the composite lithologic logs of the wells to
detect the exact sequence boundaries and the possible
causes of seismic amplitude variations.

The studied Miocene succession in the northern part of
the Gulf of Suez is subdivided into two major third order
depositional sequences (S1 and S2) separated by the three
major depositional sequence boundaries (DSB1, DSB2 and
DSB3, Figs. 2, 3, 4,5, 6,7, 8,9, 10, 11). The latter cor-
respond well with the major unconformity surfaces along
the palacobathymetry of Naggar and El-Hilaly (1985)
(Fig. 2). The environment of deposition and tectonic
activities during the deposition of these two major depo-
sitional sequences are described by Naggar and El-Hilaly
(1985) (Fig. 2). These sequences illustrated on five studied
wells, are traced on the southwestern flank of the Gulf of
Suez by correlating them with El-Heiny and Martini (1981)
(Fig. 7). They well correlate with the genetic stratigraphic
sequences (GSS20, GSS30 and GSS40), separated by the
maximum flooding surfaces MFS N20 and MFS Ng30
respectively, of the major tectonostratigraphic megase-
quence (AP11) of the Arabian Plate, according to Sharland
et al. (2001); Haq and Al-Qahtani (2005) (Figs. 8, 9, 10,
11). These sequences also correlated with the global sea
level curve of Haq et al. (1987) (Figs. 8, 9, 10, 11).

5.1 The first depositional sequence (S1)

This sequence includes the Lower-Middle Miocene rocks
of Nukhul, Rudeis and Kareem Formations (Figs. 2, 3, 4, 5,
6,7,8,9, 10, 11). The base of this sequence is bounded by
the depositional sequence boundary (DSB1, Figs. 2, 5, 6,
7). This boundary is marked by regression, uplift, erosion
of the uplifted part that is also affected by a following
volcanic activity as a result of rifting during Oligocene and
local deposition of Abu Zenima red beds in the localised
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starved basins (Fig. 2). S1 sequence boundary may be
equivalent to SB3 sequence boundary of (Hewaidy et al.
2013). The latter may coincided with a world short-term
sea level fall (Miller et al. 2005) and it is referred as a true
erosional surface typifying a significant gulf-wide deposi-
tional hiatus (Patton et al. 1994; Sharp et al. 2000; El-Azabi
2004).

On the other hand, this boundary cannot be followed on
the seismic sections, because they are poorly processed
(Figs. 3, 4, 8, 9, 10, 11). The seismic facies of this
sequence (Figs. 8, 9, 10, 11) is characterised by sheet-like
external forms, concordant reflection geometry along the
upper boundary of the sequence, regular configuration
modifier, chaotic to subparallel principal internal configu-
rations, moderate amplitudes and discontinuous horizons.
The Nukhul Formation is composed of mainly limestones
and sandstones filling up the topography lows during ear-
liest Miocene. These lows were created during Oligocene
differential uplift (Patton et al. 1994). The thickness of this
formation is small along the study area, while, it is absent
at the middle part due to uplift and erosion associated with
tilting and rotation of the fault blocks coupled with the
onset of rifting in the Gulf of Suez (Naggar and El-Hilaly
1985; Patton et al. 1994; Bosworth and McClay 2001,
Fig. 7).

The Rudeis Formation is subdivided into Lower Rudeis
and Upper Rudeis members (Bosworth and McClay 2001).
The boundary between these two rock units marks the
“mid-Rudeis” or “mid-Clysmic” event as unconformity
surface (Chowdhary and Taha 1987; Naggar and El-Hilaly
1985; Patton et al. 1994). This boundary may be equated to
SB4 sequence boundary of Hewaidy et al. (2013). SB4
sequence boundary may be coincided with a world short-
term sea level fall (Miller et al. 2005) and it is described as
an important disconformity between the Lower Rudeis and
Upper Rudeis rock units (El-Azabi 2004). The Lower
Rudeis Member is composed mainly of limestones and
calcareous sandstones with few shales deposits relatively
rich in both planktic and benthic foraminifera, indicating
deposition in a deeper marine environment. This indicates
an Early Miocene transgression (Naggar and El-Hilaly
1985, Fig. 2).

The Upper Rudeis Member consists mainly of lime-
stones, argillaceous limestones, calcareous shales, marl and
sandstone, which is even richer in microfossils, deposited
in a relatively deep marine environment. This indicates
continued rising in sea level or transgression (Naggar and
El-Hilaly 1985, Fig. 2). The sliding and detachment of the
blocks close to the rift margin results in sites available for
sediments accumulation, reflecting a rapid rate of sedi-
mentation and hence the formation of lenticular bodies
(Lashin and Abd El-Aal 2004). The Kareem Formation is
composed mainly of calcareous shales, marl, argillaceous

limestones with two to three thick layers of massive
anhydrites. The Kareem Formation lithologically reflects
marine transgression and sedimentation in deep marine
environment, with minor episodes of basin closing and
restricted circulation, which account for the deposition of
evaporates.

The top of the third order sequence is bounded by the
depositional sequence boundary (DSB2, Figs. 2, 3, 4, 5, 6,
7, 8,9, 10, 11). This boundary is defined as unconformity
surface between the Kareem Formation and its overlying
Belayim Formation according to Bosworth and McClay
(2001). DSB2 sequence boundary may be equivalent to
SB7 sequence boundary of Hewaidy et al. (2013), which
resulted from the effect of the post-Kareem tectonic event
(Evans 1988). SB7 sequence boundary was also recorded
by El-Azabi (2004) in west-central Sinai, by Hewaidy et al.
(2013) in the eastern side of the Gulf of Suez. This
sequence boundary referred as marked basin-wide uncon-
formity above the pre-rift sequence boundary in the
northern Gulf of Suez (Dolson et al. 1996) and it is con-
temporaneous with a world short-term sea level fall, which
took place at the Langhian/Serravallin boundary (Miller
et al. 2005).

The S1 third order depositional sequence comprises four
planktonic foraminiferal biozones (G. primordius, Glo-
bigerinoides trilobus trilobus, P. glomerosa s.l. and O.
suturalis—Globorotalia fohsi peripheroronda) of Early-
Middle Miocene age (Figs. 5, 6, 7). This sequence is cor-
related well with the two genetic stratigraphic sequences
GSS20 and GSS30 of the major tectonostratigraphic
Megasequence AP11 of the Arabian Plate (Sharland et al.
2001; Haq and Al-Qahtani 2005, Figs. 8, 9, 10, 11). These
two genetic sequences resulted from subsidence enhanced
by eustacy (Sharland et al. 2001, Figs. 8, 9, 10, 11). This
subsidence may be contemporaneous with the rapid sub-
sidence of “mid-Clysmic” event during the deposition of
the upper Rudeis Member, which continued during the
deposition of the Kareem Formation.

5.2 The second depositional sequence (S2)

This sequence comprises the Middle-Upper Miocene rocks
of Belayim, South Gharib and Zeit Formations (Figs. 2, 3,
4,5,6,7,8,9, 10, 11). The depositional environment of
this sequence is considered to be lagoonal to shallow
marine environment. The base of this sequence is bounded
by the depositional sequence boundary (DSB2), while this
sequence is topped by the depositional sequence boundary
(DSB3, Figs. 2, 3,4,5,6,7,8,9, 10, 11). DSB3 between
Zeit and post-Zeit formations (Figs. 8, 9, 10, 11) is referred
as marked basin-wide unconformity in the Gulf of Suez
(Patton et al. 1994; Bosworth and McClay 2001) and it is
contemporaneous with a world short-term sea level fall.
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The seismic facies of this sequence (Figs. 8, 9, 10, 11) is
characterised by wedge-shaped and even sheet-like exter-
nal forms, concordant along the upper boundary of the
sequence, concordant reflection geometries are recorded
along the lower boundary, regular configuration modifier,
divergent to parallel principal internal configurations, low
to high amplitudes and continuous horizons. The Belayim,
South Gharib and Zeit Formations were deposited essen-
tially in a basin with restricted marine circulation. The
alteration of clastics with evaporite levels points to periodic
influx of clastics from high shoulders. This scenario is
reduced with time and became negligible during the
deposition of the South Gharib and Zeit formations (Nag-
gar and El-Hilaly 1985).

This third order sequence is correlated well with the
genetic stratigraphic sequence GSS40 of the major
tectonostratigraphic Megasequence AP11 of the Arabian
Plate (Sharland et al. 2001; Haq and Al-Qahtani 2005,
Figs. 8,9, 10, 11). This late Serravallian third order GSS40
is also driven by subsidence enhanced by eustacy (Sharland
et al. 2001, Figs. 8, 9, 10, 11). The post-Miocene is com-
posed mainly of sandstones with few siltstones and thin-
bedded limestones and anhydrites, and the tectonic-envi-
ronment of deposition is uplift followed by deposition
under lagoonal to shallow marine environment (Naggar
and El-Hilaly 1985, Fig. 2). The lithologic composition of
the post-Miocene rocks may indicate a near detrital source
filling topograhic depressions. That may have been inun-
dated occasionally with sea water in times of short-time
high stands or subsidence and hence, the deposition of
evaporitic and laminated shallow limestone layers.

6 Conclusions

Seismic stratigraphic study helped in recognizing sequence
boundaries and shed light on the syn-rift history of the
northern Gulf of Suez during the Miocene. The present
work deals with the study of northern part of the Gulf of
Suez, in terms of interpreting the sequence stratigraphy,
biostratigraphy and depositional environments through
evaluating the seismic stratigraphic and seismic-facies
analysis of the area. Seismic interpretations are carried out
on 34 3D seismic profiles passing through the study area.
The lithofacies of the syn-rift formations was described
based on the lithology of these formations encountered in
ten wells and geologic interpretation of two seismic pro-
files distributed along the offshore northern part of the Gulf
of Suez region.

The biostratigraphy of the Miocene sequence in this
study resulted in the recognition of five planktonic for-
aminiferal biozones in the boreholes (RB-Al, RB-B1, RB-
B3, EE85-2 and RB-Cl). Sequence stratigraphy and

seismic facies analysis of the Miocene succession were
carried out to delineate sequence boundaries. The Miocene
succession in the northern part of the Gulf of Suez is
subdivided into two major third order depositional
sequences (S1 and S2) separated by the three major
depositional sequence boundaries (DSB1, DSB2 and
DSB3). They are traced to the southwestern flank of the
Gulf of Suez by correlating them with El-Heiny and
Martini (1981). They are also correlated well with the
global sea level curve of Haq et al. (1987) and the genetic
stratigraphic sequences (GSS20, GSS30 and GSS40), sep-
arated by the maximum flooding surfaces MFS N20 and
MFS Ng30 respectively, of the major tectonostratigraphic
megasequence (AP11) of the Arabian Plate, according to
Sharland et al. (2001); Haq and Al-Qahtani (2005).
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