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ABSTRACT

Facies analysis and depositional environment investigation coupled with the sequence
stratigraphy gave a precise picture on the depositional framework and evolution of any
succession. This study is ground on litho- and microfacies analysis and stratigraphical
investigation to conclude the depositional and sequence stratigraphic framework of the
Miocene rocks units along the Cairo-Suez Road. The studied depositional sequences of
Burdigalian-Langhian age can be differentiated into two main stratigraphic units; A lower
siliciclastic unit revealing lagoonal (intertidal lagoons, intertidal estuarine), and inner ramp
facies, termed as Gharra Formation, and lies unconformably over the Oligocene continental
sediments of Gebel Ahmar Formation. This unit is conformably overlain by the middle
Miocene marine-nature sediments of Genefe Formation., revealing middle, to outer ramp
facies. This depositional sequence was initiated as a result of the Miocene sea first advance
over northern Egypt, including the study area. Retrogradational parasequences were stacked
successively to evolve the lowstand system tract (LST), followed by the transgressive
surface (TS), that matched the contact between Gharra, and Genefe formations. A deeper
accommodation zone was formed as a result of the middle Miocene sea level rise, due to a
tectonic subsidence, resulting in the deposition of Genefe Formation over the transgressive
surface (TS), representing the transgressive system tract (TST).
Key Words:

Gharra, Genefe, sequence stratigraphy, siliciclastic-carbonate, Burdigalian, Langhian,
Cairo-Suez district, Egypt.

1. INTRODUCTION
The siliciclastic-carbonate sequences are significant since they serve as a transitional zone between
carbonate-dominated subtropical zones and siliciclastic temperate strata. The siliciclastic-carbonate
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sequences are defined by two factors: paleotopographic variations and tectonic events [1]. The Miocene
in the North Eastern desert has also been explored in prior studies by [1,2,3,4,5,6], among of these [7]
exhibits relations, where The transgression and regression stages are revealed in many locations (e.g.
Gebel Gharra, Gebel Homiera, and Gebel Geneifa) which are unconformably either underlain by
Oligocene or overlain by the post-Miocene strata. Whereas the Miocene sediments are classified into
two formal units, Gharra Formation, or the lower clastic dominated facies, and Genefe Formation or the
upper carbonate dominated facies. [8] interpreted that, the cyclic sedimentation, lateral facies, and
thickness variations of the Miocene succession in Cairo-Suez district are caused by block faulting along
renewed tectonic activities. on the other hand [9] suggested that the Miocene shallow water siliciclastics
and carbonates in the Cairo—Suez district, were deposited within the epeiric ramp based upon lithofacies
and biofacies documentation. The lateral facies change is well represented in Wadi Hagul as studied by
[10] which exhibits different lithofacies characteristics than other basins, where the middle Miocene
represents a reefal limestone within a rimmed carbonate shelf. In addition [11] outlined four major
sequence boundaries within sedimentation cycles of lagoonal to outer-shelf settings based on the study
of calcareous tube-dwelling encrusting polychaetas fossils. Therefore, the overall goal of this paper was
twofold, clarify the depositional interpretation and interpret the sequence architecture of the Miocene
rocks at Cairo -Suez Road, Egypt.

The objective of this study is to clarify the depositional interpretation, microfacies analysis, and
sequence stratigraphic delineation of the Miocene rocks at Cairo -Suez Road, Egypt.

Material and Methods:
Five lithologic sections (Fig. 1) were chosen to be inspected in detail in the field, reported on, and
sampled.
Between longitudes 31° 36’ E and 32° 46’ E, and latitudes 30° 05’ N and 30° 17’ N, the study area is
located. It is bordered on the north by the Cairo-Ismailia road (Um Gdam slopes), on the south by the
Cairo-Suez route (Gebel Ataga), on the east by the Great Bitter lakes, and on the west by the city of
10th Ramadan. (Fig.1).

The studied surface sections include:

1- Um Qamar Succession  Latitude 30° 36’ N, Longitude 30° 16" E

2- Gebel Hamza succession Latitude 30° 14’ N, Longitude 31° 38’ E

3- Suez succession Latitude 30° 12" N, Longitude 32° 46' E

4- Genefa succession Latitude 30° 05" N, Longitude 32° 19" E

5- Gebel Gharra succession Latitude 30° 11’ N, Longitude 32° 12" E
These successions were investigated multiple times for the presence of diverse rock units and their
stratigraphic relationships with other units. Bed-contacts, bed-geometry pattern, the thickness behavior,
characteristic sedimentary structures of Miocene Epoch sedimentary facies, and microfacies
examinations were investigated. A total of 75 representative spot samples reflecting the sedimentary
facies in the Miocene strata studied were obtained. The acquired data and samples were subjected to
laboratory tests.
The Bed-contacts, bed-geometry pattern, the thickness behavior, characteristic sedimentary structures
were investigated. According to [12, 13, 14, 15], a microscopic research was conducted on 35 thin
sections reflecting the various Early—Middle Miocene lithofacies in the study area. In the meantime, for
the siliciclastic microfacies, [16, 17, 18] were used.
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(Fig 1) Geologic map of the study area showing the examined surface sections.

2.1 Lithostartigraphy
Two rock units compose the lithostratigraphy of the Miocene in the studied sections, as arranged from
base to top as follows;

2.1.1 Gharra Formation [20] Early Miocene (Burdigalian)

[8] First used the term Gharra Formation to describe a 120-meter of arenaceous, detrital limestone with
shale and sandstone unit of shallow marine shelf section of Gebel Gharra in the Cairo-Suez district, to
the early Miocene deposits as described by [19].

In the studied sections, Gharra Formation unconformably overlies the Oligocene Gebel Ahmar
Formation, and conformably underlies the Burdigalian Genefe Formation (Plate 1.1, 1.6, 1.7).

Gharra Formation is encountered in all of the examined sections, and is composed of Mudstone or shale
with sandstone interbeds, with slight shaly sand intercalations,

(Plate 1.6, 1.8), with Sandstone of yellow Color form lens-shape bodies (e.g. West Shabraweet section)
(Plate 1.2), or may be even and exhibiting high angle tabular planar cross stratifications (Plate 1.5), with
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2.1.2

yellow colors, while shales exhibit varicolored, yellow, and grey to greyish green colors, with gypsum
compact intercalations, and are extremely fissile (Plate 1.6, 1.7).

Gharra Formation shows up lateral lithologic variation where sandstone beds thinning out towards
south east (Figure 2), while shale interbeds persist throughout the entire sections studied. It assumes
various thicknesses within the investigated sections, varies from 1.5 meters in Geniefa to 22 meters in
Gebel Gharra (Figure 2).

Age assignment of Gharra Formation based on (fossil content, and stratigraphic position from previous
studies) dates it back to early Miocene (Burdigalian) [19, 20,21]. Meanwhile, in the studied sections,
the Gharra Formation is dated to the early Miocene (Burdigalian) based on its stratigraphic position.
The Gharra Formation is equivalent to Rudies Formation in the Gulf of Suez [20] and to Nukhul
Formation [20] in southwestern Sinai. It is also correlated with Moghra and Gebel Khashab formations
in the northwestern desert (Fayoum-Abu Rawash district) (Tablel).

Genefe Formation [19]

[19, 26] used the term Genefe Formation to describe the early Miocene sequence in Cairo-Suez district.
Genefe Formation is a carbonate unit with minor facies variations. From the Gulf of Suez entrance
eastward, it grades into the Hommath Formation, which is grit-marl facies. Previous researches [27,28],
have shown that the Genefe Formation is of middle Miocene age (Marine Facies of Miocene),
Hommath Formation [10, 20, 23, 29, 30], and Miocene Middle Series [1, 2, 31, 32].

Genefe Formation in the studied sections conformably overlies Gharra Formation of early Miocene age
(Burdigalian) (Plate 1.1, 1.6, 1.7).

Lithologically, Genefe Formation is a limestone unit, and is described as; sandy limestone in some
sections, with clay interbeds, and is highly fossiliferous with echinoids (Plate3.4), bivalves (Pecten sp.)
(Platel.3), and nummulites. It is capped by a layer of fossiliferous compacted pink to buff limestone
(platel.1, 1.8).

As it assumes varying thicknesses in the analyzed sections, Genefe Formation shows a steady drop in
thickness throughout the study area in northwesterly direction with maximum thickness of 28.8m at
Geniefa locality, to being completely absent at west Shabraweet locality, like a wedge (Figure 2).
Although Genefe Formation is rich in its fossil content such as: bivalves, corals, and echinoids, but as a
result of the integration of its faunal content, the age assignation of Genefe Formation is complex
matter, however, in the studied sections Langhian was assigned to be the age of Genefe Formation,
according to its fossil content e.g: Miogypsina sp. Quniquelequline sp. (Plate 3.5) and Uvigerina sp, and
according to the previous literature [21, 26, 27]

Genefe Formation is equivalent to Hommath Formation in Wadi Hagul, and to the upper parts of Sadat
Formation in the Gulf of Suez [23], lower parts of Gemsa Formation [25], which runs along the western
edge of the Gulf of Suez basin, as well as the Kareem Formation [20], which represents early
Serravallian marine facies in the Gulf of Suez (Tablel).
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after 21)

Plate 1
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Fig 1. General view of Gebel Gharra lithologic succession looking to the north.

Fig 2. Sand lens of Gharra Formation, west Shabraweet section.

Fig 3. External cast fossil of Pecten sp.

Fig 4. Synclinal fold of the studied Miocene succession.

Fig 5. View of the contact between Gebel Ahmar (GA) Formation represented by the red ferruginous
sandstone, and Gharra Formation (GH) represented by grey shale, and showing 6 sets of high angle
tabular cross stratification, also a reverse fault is present in this picture which is an evidence of the
structural deformation.

Fig 6. A close up view of the contact between Gharra Formation (GH) which is represented by the grey
shales in the picture followed conformably by the yellow compact limestone of Genefe Formation
(GE).

Fig7. Close up shot of the Gebel Ahmar Formation (GA) — Gharra Formation (GH) contact, Gebel
Ahmar Formation is represented by red ferruginous sand stone, followed by the varicolored shales of
Gharra Formation.

Fig 8. Gharra Formation, mudstone, and sandstone, West Shabraweet section.

Fig 9. Gharra Formtion, Mudstone, Gebel Gharra section.
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Figure (2) Correlation between the studied successions with the top surface of Gharra Formation as
datum, and in North-East direction
Correlation:
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Genefe Formation rests conformably over Gharra Formation (Plate 1.1, 1.6, 1.7), and thins eastward
and becomes more shaly as westward, Gharra Formation’s lithology is sandier, whereas eastward the
thickness, and the sand percentage decreases.

Gharra formation rests unconformably over Gebel Ahmar Formation (Plate 1.5, 1.7) Thickens eastward,
it’s nearly not found to the west in west Shabraweet section, while westward it thickens and the faunal
content also increases including corals, bivalves such as (Pecten sp.) (Plate 1.3).

2.2 Microfacies Analysis, and depositional trends
This study was carried out on 25 thin sections for the microfacies analysis.
2.2.1 Microfacies types and facies interpretation
The following microfacies were discovered after microscopic examination of eleven thin sections from
the Gharra Formation and twenty thin sections from the Genefe Formation.:

Table (1): The microfacies associations encountered in the different Miocene rock units in Cairo-
Suez district.

No. of | Thin
Ag RO_C K Microfacies association thm. Section
e unit sectio
ns
3- Dolomitic algal biomicrite wackstone H9,
H11,
H16,
H4, H7,
H15
1 Sh10,
IS Shis,
g HY',
= E H13,
< 2 H14'
S S 2- Sandy dolomitic algal packstone 1 H1l
- © 1- Dolomitic fossiliferous calcareous quartz arenite 1 Gr8
7- Quartz greywack 1 8
6- Dolomitic biomicrite rudstone 1 Gr5
s 5- Sandy dolomitic biomicrite packstone 1 Gr4
- é 4- Dolomitized microsparite packstone 1 H1
%‘ E 3- Algal sandy biosparite grainstone 1 HI'
._g’ o 2- Mudstone 3 H4
5 = 1- Ferruginous calcareous quartz arenite H2, H3,
0 © 4 H5, H6

A Tidal flat Facies
Representing the middle part of Genefe Formation at Um Qamar section, as a 2m layer of yellow, high
angle tabular X-stratified fossiliferous sandstone unit.
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A.1. Dolomitic fossiliferous calcareous quartz arenite

This microfacies is describing the lower part of Genefe Formation, it’s recorded within Um Qamar
section (Sample no. Gr8) (Plate 2.1).

The main component of this microfacies is the quartz grains which forms about (90%) of the sample, a
very small amount of polycrystalline quartz grains is encountered and they display strong undlose
extinction, whereas most of the quartz grains are monocrystalline, and display even to slight undlose
extinction, the quartz grains are moderately sorted, sub-rounded to rounded, while the grain to grain
contacts are found to be point, and line contacts. Bioclastic fragments form about (10%) of the sample,
represented by red coralline algae, and echinoid spines.

All of these components are bind together by a microsparitic matrix.

Dolomitization is the main diagenetic process that took place over the microsparite matrix, as well as
medium compression reflected by the point, and line grain to grain contacts.

This microfacies can be compared to the SMF18 deposited in the tidal flat quiet water below normal
wave base [12, 32].

Lagoonal backreef facies:

Its representable to the middle, and upper parts of Gebel Hamza, and composed of 5m of yellow sandy
limestone, in the middle of Gharra Formation, and is overlain, and underlain by yellowish green sandy
shale beds.

B.1. Ferruginous calcareous quartz arenite microfacies association:

This microfacies describes the middle & upper parts of Gebel Hamza section which is represented by a
sandy unit (Sample no. H3, H5 Hamza section) (Plate2.5). This microfacies is composed of hard,
yellowish brown sandstone, and display even bed geometry.

It’s composed of Quartz grains (92%) (0.5 to 1mm size), poorly to moderately sorted. Most of the
grains are monocrystalline with either even extinction or undlose. The polycrystalline grains are of less
presence in the samples, and they are of undlose extinction. Almost all of the grains are sub rounded to
sub angular, their boundaries are covered with iron oxides, and the grains shows point contacts.
Microcline is the second in order in presence, most of the microcline crystals are altered. All of these
allochems are cemented by calcareous muddy matrix.

Compaction is the main diagenetic process, as concluded from the grain to grain relations.

This microfacies can be compared to the SMF9 deposited in the (E) lagoonal back-reef

area with open circulation (inner ramp); quiet water below normal wave base [12, 32].

Inner ramp facies:

Representing the upper parts of Gharra Formation, at Gebel Hamza section as a 2m bed of sandy
yellowish green mudstone, 2m of greenish white muddy sandstone at Geniefa locality, and 1m of green
shales at Gebel Um Qamar section, all of these Sediments display lesoidal bed geometry.

C.1. Mudstone microfacies association

This microfacies describes the middle & upper parts of Gebel Hamza section which is represented by a
sandy unit (Sample no. H4 Hamza section) (Plate3.1). It’s represented by Greenish grey friable to
compact thinly bedded, highly fissile shales and mud stones, in some parts it’s sandy, and in other parts
it’s gypsiferous, while the bed geometry is lensoidal, it’s entirely composed of fine-grained silica with
rare quartz grains, all cemented with muddy matrix.

This microfacies can be compared to the SMF3 deposited in the (E: D) lagoonal back-
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reef area with open circulation (inner ramp - middle ramp); quiet water below normal

wave base [12, 32].

C.2. Algal sandy biosparite/ Sandy bioclastic grainstone

It’s represented by the lower part of Geniefa section (Sample no. H1") (Plate 2.4).

It’s mainly composed of yellow, hard fossiliferous sandy limestones. This microfacies is mainly
composed of bioclastic fragments (nearly 80%) especially bivalves (Pecten sp.), and echinoid spines.
Quartz grains are also present in this microfacies (nearly 20%), monocrystalline grains are sub rounded
and rounded, while polycrystalline grains are angular to sub rounded, the quartz grains are medium to
coarse in size (0.2:1mm), while the orthochems represented by sparite patches, and rare dolomites may
also be present.

Diagenesis of micrite into sparite is the present diagenetic process.

This microfacies can be compared to the SMF5 deposited in the (E) lagoonal back-reef

area with open circulation (inner ramp); quiet water below normal wave base [12, 32].

C.3. Dolomitized microsparite packstone microfacies association

This microfacies describes the middle parts of Gebel Hamza section (Sample no. H1

Hamza section) (Plate 3.3).

The microfacies is represented by thinly bedded yellow limestone.

It’s majorly composed of sparry shell fragments (Pecten sp.) within dolomitic microsparite matrix, the
bioclasts are represented by pelecypod. As a result of dolomitization, and Quartz corrosion due to
calcareous matrix, and the rare sparite patches formation; neomorphism may have been present.
Dolomitization took place resulting in the formation of fine-grained dolomite grains in the fine ground
mass, even the dolomitization may have reached the shell debris resulting in the replacement of the
shell fragments in some parts.

This microfacies can be compared to the SMF5 deposited in the (E) lagoonal back-reef

area with open circulation (inner ramp); quiet water below normal wave base [12, 32].

C.4. Sandy dolomitic biomicrite/ Sandy dolomitic bioclastic packstone

This microfacies is representable to the lower part of Gebel Um Qamar section (Sample no. Gr4) (Plate
3.4). It’s composed of highly fossiliferous, yellow, compacted limestone. The main constituent of this
microfacies is the bioclastic fragments which forms about (70%), including bivalves shell debris which
are strongly dolomitized, echinoidal spines, as well as coralline algae (Rodless). Quartz grains form
about (20%) of this microfacies, and these grains are ranging in size from fine to coarse, all of these
components are held together by micritic matrix, which may be partially neomorphosed into micro
sparite.

Diagenesis is represented by the neomorphism of micritic matrix into microsparite.

This microfacies can be compared to the SMF5 deposited in the (E) lagoonal back-reef

area with open circulation (inner ramp); quiet water below normal wave base [12, 32].

Middle ramp facies:

Represented by the upper part of Gharra Formation at Um Qamar locality, as a 1m layer of yellowish
green compacted sandy shales, and 1m lensoidal bed of yellow sandstone, at the upper part of West
Shabraweet section.

D.1. Dolomitic biomicrite/Dolomitic bioclactic rudstone
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This microfacies is recorded in the lower part of Gebel Um Qamar section (Sample no. Gr5) (Plate
2.2). This microfacies is composed of highly fossiliferous, yellow, compacted limestone rich in shell
fragments.

The main component of this microfacies is the bioclastic fragments, including bivalves shell debris
oyster debris, as well as coralline algae (Rodless). Quartz grains and glauconite represent the
terrigenous input, all of these components are held together by micritic matrix, which may be partially
neomorphosed into micro sparite, which somehow have been dolomitized by zoned fine crystalline
dolomite rhombs.

Dolomitization is the main diagenetic process within this microfacies.

This microfacies can be compared to the SMF6 deposited in the (E: D) lagoonal back-

reef area with open circulation (inner ramp — middle ramp); quiet water below normal

wave base [12, 32].

D.2. Quartz greywacke

This microfacies is presented in the upper part of West Shabraweet section (Sample no. 8)

It’s composed of yellow to green, glauconitic sandstones (Plate 3.2).

The quartz grains of medium size (0.2:0.5mm) form about (40%) of this sample, whereas glauconite
forms (50%) of the microfacies. Quartz grains are monocrystalline with even to undlose extinction, sub
rounded to rounded, very well sorted, Glauconite pellets are fine to medium in their size (0.2:0.5mm).
Diagenesis is represented by the iron oxides staining to the rock unit.

This microfacies can be compared to the SMF18 deposited in the (C: B) lagoonal back-

reef area with open circulation (middle ramp); quiet water below normal wave base [12,

32].

Outer ramp Facies:

Representable of the upper parts of Gebel Hamza section, as a 4m layer of faint yellow to gray
fossiliferous limestone, middle parts of Geniefa section, as a 3m bed of yellow, highly fossiliferous
limestone, and the top part of Gebel Gharra succession, as a 6m layer of pink limestone.

E.1. Sandy dolomitic algal biomicrite /Sandy dolomitic algal Packstone

This microfacies is representable of the upper part of Genefe Formation at Gebel Hamza locality
(Sample no. H11) (Plate 2.6). It’s composed of marly, highly fossiliferous limestone.

The main constituent of this microfacies is considered to be the red coralline algae representing (nearly
50%) of the sample, bivalves shell debris, echinoid spines, and other skeletal grains also occur, most of
the skeletal bioclastic fragments are preserved, whereas some of them are affected by dolomitization;
changing their internal structure. Terrigenous input is expressed as mono crystalline quartz grains
forming (nearly 10%) of the sample, and they were found to be sub rounded to rounded. These
components are held together by micritic matrix.

Dolomitization is the main diagenetic process that took place over the bioclastic

fragments.

This microfacies can be compared to the SMF18 deposited in the (C: B) lagoonal back- reef area with
open circulation (middle ramp — outer ramp); quiet water below normal wave base [12, 32].

E.2. Dolomitized algal biomicrite/ Dolomitized algal wackstone /mudstone

This microfacies is encountered in Gebel Gharra section (Samples no. Sh10, Sh13), Geniefa section
(Samples no. H9', H13’, H14"), representing the upper part of Genefe Formation.
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This microfacies is composed of pink, hard limestone. The main constituent of this microfacies is the
coralline algae that forms up to (70%) of the rock framework. The terrigenous input is rare; however,
it’s mainly represented by quartz grains, and decreases upward within this microfacies. The binding
material is a micritic matrix, which to some extent is dolomitized, and neomorphosed.

Dolomitization is the main diagenetic process that took place over the micrite matrix

(Plate 2.3).

It’s can be compared to the SMF5 deposited in the (C: B) lagoonal back- reef area with open circulation
(middle ramp — outer ramp); quiet water below normal wave base [12, 32].

Plate (2)
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Plate 2
Fig. 1. Dolomitic calcareous fossiliferous calcareous quartz arenite microfacies, Gebel Gharra section,
Genefe Formation, 50x magnification, ppl.
Fig. 2. Dolomite rhombs scattered in sparite cement, Gebel Gharra section, Genefe Formation, 45x
magnification, ppl.
Fig. 3. Dolomitic algal biomicrite wackstone microfacies, Gebel Gharra section, Genefe Formation, 45x
magnification, ppl.
Fig. 4. Coralline red algae (Sporolithon sp.), Gebel Gharra section, sample (Sh13), Genefe Formation,
45x magnification, xpl.
Fig. 5. Ferruginous calcareous quartz arenite microfacies, 50x magnification, xpl.
Fig. 6. Benthic foraminifera, (Anomalinoides sp.), Sandy algal pack stone microfacies, Gebel Gharra
section, Genefe Formation, 50x magnification, xpl.

Plate (3)
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Plate 3
Fig. 1. Mudstone, Mudstone microfacies Gebel Gharra section, Genefe Formation, 50x
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2.2.2

3.2.

magnification, ppl.

Fig. 2. Quartz grains, Quartz Greywack microfacies, 100x magnification, ppl.

Fig. 3. Sandy dolomitic biomicrite packstone microfacies, Gebel Gharra section, Genefe
Formation. 50x magnification, ppl.

Fig. 4. Echinoid spine, and calcite filling, Sandy algal packstone microfacies, Gebel
Gharra section, Genefe Formation, 100x magnification, xpl.

Fig. 5. Different forms of skeletal grains, foraminifera (Quniquelegeline sp.) and bivalve
oyster shell debris in dolomitic micrite matrix; Sandy dolomitic algal biomicrite microfacies; Geneva
section, sample (H19), Genefe Formation, 25x magnification, xpl.

Fig. 6. Different forms of skeletal grains, foraminifera (Quniquelegeline sp.) and bivalve
oyster shell debris in dolomitic micrite matrix; Sandy dolomitic algal biomicrite
microfacies; Geneva section, sample (H19), Genefe Formation, 45x magnification, ppl.

Early-Middle Miocene depositional trends:

The Miocene platform sediments investigated along the northern Cairo-Suez road were separated into
two major units: a lower clastic unit (Gharra Formation) and an upper carbonate unit (Genefe
Formation).

Clastic dominated unit:

This unit is known as the Gharra Formation, and it is made up of several para sequences, each of which
is made up of thinly bedded mudstones/shales with cross bedded sandstones at the bottom.

This facies is topped by a sandy limestone unit with fossiliferous mudstone interfingers, fossiliferous
sandstones near the top containing pectinids, and coralline worm tubes.

The uppermost part of the Gharra Formation in the Gebel Hamza section can be described as thinly
bedded glauconitic sandstone, in contrast to all other localities, which contain shales/mudstone with
small benthic foraminifera such as Miogypsina sp. Quniquelequline sp. (plate3.5) and Uvigerina sp, but
no macrofossils. The depositional trends of the upper clastic dominated unit range from the intertidal
foreshore facies (intertidal lagoons, intertidal estuaries) to the inner ramp facies, which expresses the
deepest bathymetrical level zone during the deposition of this unit

Carbonate dominated unit:

Genefe Formation is made up primarily of reefal and dolomitic limestones that are rich in fossils such
as Uvigerina sp. Which is abundant on the outer shelf, and the uppermost continental slope [34, 35],
Miogypsina sp., oysters, and coralline red algae.

This unit differs from the upper clastic unit in that it is of deeper marine facies and ranges from middle
to outer ramp facies.

Sequence stratigraphy:

Field and laboratory examinations of Miocene sediments across the research area show that both units
(Gharra and Genefe formations) form one incomplete depositional sequence that began and developed
as a result of the first Miocene sea's advance across the study area.
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3.2.1.

3.2.2.

3.2.3.

3.3.4.

Sequence boundaries:

The examined depositional succession (Gharra and Genefe Formations) lies unconformably over the
Oligocene continental sediments of the Gebel Ahmar Formation, forming a type 1 [36] sequence
boundary. All of the sequence boundaries analysed within the sections reveal a tectonically controlled
SB1 type sequence boundary (fig 4).

The end of the Oligocene epoch has seen a significant period of subaerial emergence, as well as
continental depositional events, especially in Egypt's northeastern sections, which covers the study area.
These variables allowed for the creation of the type 1 boundary and the lower parts of Gharra's and
Genefe's depositional sequences.

The Burdigalian-Aquitanian unconformity surface can be correlated with this unconformity surface
[37].

Low stand system tract:

During the early Miocene, a sea level rise occurred over northern and northeastern Egypt, including the
study area, which began to be submerged under shallow water, representing intertidal foreshore
conditions, which continued throughout the time of Gharra Formation deposition, as a low stand wedge
that extended southward over northern Egypt, displaying a fining upward upward succession., starting
with high energetic sandstones (Fossiliferous quartz arenites), moving upward, the deposition
progresses to the inner ramp mudstone/shale facies, which includes intertidal lagoons, tidal flat, and
intertidal estuarine sediments, and finally to sandy grainstone, sandy biosparite, and inner ramp facies.
Transgressive surface (TS):

A depositional surface was discovered all across the research area as a result of the marine invasion.
The contact between the Gharra and Genefe formations was discovered to represent the transgression
surface in the study area, indicating a shift in para sequences with sea level rise, as well as the
deposition of the outer ramp facies, rather than the inner ramp sediments, and shallow foreshore.

The middle Miocene is correlated with the age of this transgression surface.

Transgressive system tract (TST):

The middle Miocene was characterized by a rise in sea level and the deposition of deeper marine facies,
which began with the deposition of the Genefe Formation, forming the transgressive system tract
sediments, just at the top of the transgressive surface in the research area, establishing a fining upward
succession, that has been deposited within middle, and outer ramp zones, beginning with quartz arenites
(Ferruginous, and Dolomitic) microfacies association, deposited within the middle ramp.

As a result of a sea level rise across northern Egypt, a transgression phase succeeded the transgressive
surface (TS), resulting in the deposition of consecutive aggradational sequences along with reef build-
ups (Sandy dolomitic algal packstone facies).

The maximum flood surface (MFS) is represented by the (Dolomitic algal biomicrite facies) toward the
top of Genefe Formation, which comprise the deepest marine facies within the transgressive system
tract, although we can't rest assured because the top surface of Genefe Formation is eroded in all of the
studied sections, which could have happened as a result of a general uplift.

Conclusion:

The (Siliciclastic-Carbonate) marine Miocene sequence overlying the Oligocene continental sediments
of Gebel Ahmar Formation, exposed at northern Cairo-Suez district is a transgressive sequence,
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represented by the Burdigalian siliciclastic Gharra Formation, that conformably underlies the Langhian
carbonate Genefe Formation, and microfacies studies revealed the following units:

Sequence Stratigraphy

|
|
9 |GaGn |
{
|
|

Gn10
TST
Transgressive system tract

Langhian
Genefa Formation

MIOCENE

TS
Transgressive surface

5 Gné

4| Gn5
LLST
364 ‘ L.ow stand system tract

9Om Gn3

Burdigalian
Ghara Formation

6
3 Gn2

1/6n1 | |
Figure (4) Sequence stratigraphic boundaries within the study area

4.1. Clastic dominated unit:
This unit is made up of recurrent para sequences that include cross-bedded sandstones, shales, and
mudstones, and an oyster-rich sandy limestone with sandstone and mudstone intercalations on top.
The depositional trends span from intertidal foreshore facies (intertidal lagoons, estuaries) to inner ramp
facies, which is represented by the Gharra Formation in our study.

4.2.Carbonate dominated unit:
Genefe Formation represents this unit, which is primarily composed of algal and dolomitic limestones.
These limestones are highly fossiliferous, with Uvigerina sp., Miogypsina sp., oysters, and coralline red
algae which indicates deposition at warm water conditions. Its depositional trends are deeper than those

(8]
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of the clastic dominated unit, ranging from middle ramp to outer ramp, which is deeper than the
depositional trends of Gharra Formation.

The deposition began as a result of a marine transgression over the study area, which was a marine
transgression over previously deposited continental Oligocene sediments of the Gebel Ahmar
Formation, with a type 1 SB, accompanied by the transgressive surface that indicates the contact
between the Gharra and Genefe formations, which defined the transition in the deposition into
retrogrdational/aggradational nature as a result of the marine transgression.

The middle Miocene was defined by a rise in sea level that caused the deposition of deeper marine
facies as a consequence of tectonic subsidence, resulting in Genefe Formation being deposited above
the transgressive surface.

Continental

Ooides foR
® poloide Hnahts_]

. o itk 0700 Dolomicrit

M.F1: Fluvial Microfacies | Bryozouns | Dolamicric]
M.F2: Lagoonal/Tidal flat Microfacies [ Gusopods | Echinoides |
M.F3: Shoal bar Microfacies | o ||V Gypsum |

M.F4: Open lagoonal/reefal Microfacies B
Figure (5) Depositional model of the study area
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