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ABSTRACT

The lower Cretaceous sediments succession is composed of four formations in Northern Western Desert of
Egypt. These formations are Alamein, Dahab, Kharita and Bahariya formations. They are considered as the
main target of the oil and gas exploration in the Egyptian Western Desert. The present study investigated their
thermal maturity and potentiality to generate the hydrocarbons. These were conducted by the study
palynostratigraphy, palynofacies and spore coloration of samples from these formations in WD 19-2 borehole.
The identified palynozones are Afropollis jardinus Acme Zone (late Albian — early Cenomanian),
Araucariacites australis Acme Zone (middle Albian) and Murospora florida Acme zone (Aptian). The first
zone is differentiated into two subzones, which are Elaterosporites klaszii Interval Subzone and
Cretacaeiporites densimurus Interval Subzone. The palynofacies analysis revealed that the Alamein and Dahab
formations are deposited in deltaic shallow marine dysoxic to anoxic environment. Kharita Formation was
deposited in more proximal near shore marine environment under suboxic to oxic conditions. The Bahariya
Formation was deposited in proximal near shore dysoxic to oxic marine conditions. The investigated kerogens
from the Alamein and Dahab formations were gas prone type II and III, while in Kharita and Bahariya
formations they were gas prone type II, III and IV. The spore color or thermal alteration index (TAI)
observations indicated that the samples from Alamein and Dahab formations contain mature kerogens and can
be a potential source yield hydrocarbons. The Kerogens of Kharita and Bahariya formations are immature to
yield gas and are not effective hydrocarbon source.
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Introduction

This lower Cretaceous succession in the Western Desert of Egypt has a great importance for the oil and gas
generation. The palynostratigraphy and the related paleoenvironmental investigations of this succession were the
central focus of the numerous papers in the last decades (Omran et al., 1990; El Beialy et al., 1990; Aboul Ela
and Mahrous, 1992; El Shamma and Baioumi, 1992, 1993; El Beialy 1993a—c, 1994a—c; Schrank and Ibrahim
1995; Ibrahim 1996; El Beialy et al., 2011). The palynofacies studies were developed and spread out in the
recent years as useful tool to interpret the paleoenvironmental conditions and their organic geochemical
inferences (e.g. Ibrahim, 2002; Mahmoud and Moawad, 2002; El Beialy et al., 2010; Zobaa et al., 2013). In this
stage of the palynological investigation, the present study deals with the palynostratigraphy of the Aptian —
Cenomanian sediments from WD 19-2, which comprise Alamein, Dahab, Kharita and Bahariya formations. The
location of the studied borehole (Lat. 29° 52' 41" and Long. 30° 33' 42") is in an inadequately studied part of the
central Western Desert and it is subjected to constant exploration. The palynostratigraphy of Bahariya and
Kharita formations have a vast economic importance because they trap some commercial gas accretions,
Ayouty, (1990). While Dahab and Alamein formations are potential sources of hydrocarbons. The aim of the
present study is determine geological age of these formations, environment of deposition and to examine their
potentiality to generate hydrocarbons. These implications are discussed with the assist of the palynofacies and
spore coloration as well as the palynostratigraphy.

Stratigraphic setting:
The studied succession in WD-19-2 borehole (central Western Desert, Lat. 29° 52' 41" and Long. 30° 33'

42") is comprising from top to base Bahariya, Kharita, Dahab and Alamein formations, which are of Aptian to
Cenomanian in age. The lithological descriptions are presented in Figure 2.
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Kharita Formation:

El Gezeery et al., (1972) described the type section of this formation at is the Kharita-1 borehole in the
Western Desert. The maximum thickness (3610 feet) of this unit is found at the Mersa Matruh-1 borehole,
Hantar, (1990). In present WD 19-2 borehole, it is composed essentially of thick sandstone sandstones beds
intercalated with thin shale, siltstone and frequent carbonate beds. The sandstone is medium to coarse grained,
moderately to well sorted, thinly laminated in parts and frequently contains carbonaceous matter. The shale
intercalations are thick and frequent. The boundary between Kharita and Bahariya formations is marked with a
widespread and well recognizable limestone bed, Hantar, (1990). In the WD 19-2 borehole, this formation is
encountered from 32804610 feet and thickness of 1330 feet.

Bahariya Formation:

The carbonates (marls and limestones) are more common in the Bahariya Formation. It is mainly composed
of shales intercalated with sandstones and silt. The sandstones dark gray, massive, coarse to fine and well sorted
in part. The shales are thinly laminated dark gray and dark green, calcareous and silty in part. The Bahariya
Formation conformably underlies the Abu Roach Formation. In the WD 19-2 borehole, the formation covers the
range from 4610 to 6090 feet and thickness of 1480 feet.

3t WD-19-2 borehole

+ Locations of the previous
studied boreholes

Western Desert
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Fig. 1: The location map of studied WD 19-2 borehole and some previously studied boreholes in the Northern
part of the Western Desert.

Dahab Formation:
The Formation consists of greenish gray, pyretic shale with interbeded siltstone, sandstone, and limestone at

the type section Kharita-1 well, El Gezeery et al., (1972) and Hantar, (1990). The formation rests conformably
on the Alamein Dolomite Formation and attains thickness of about 25 feet (from depth 7895 to 7920 feet). In the
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present borehole, it is comprise intercalated siltstone, sandstone and limestone. The formation covers the range
from 6090 to 6200 feet and thickness of 90 feet.

Alamein Formation:

The designated type section is in El Alamein-1 well, this section is described as white to light brown, hard,
dense, microcrystalline dolomite with some shale, silty shale and very fine sandstone. The Alamein Dolomites
conformably overlies the Alam El-Bueib Formation and underlies the Dahab Formation or Kharita Formation.
The formation covers the range from 6200 to 6830 feet and thickness of 630 feet.

Material and Methods

Thirty-nine ditch-cutting samples from the two formations were palynologically analyzed following
extraction procedures involving dilute HCIl, HF, and concentrated HCI treatment, wet screening using 10 um
nylon sieves, and mounting in Ultraviolet resin. At least two slides of each sample were completely examined
and the first 500 palynomorphs from the total particulate organic matter (POM) encountered were counted. The
counted palynomorphs are belonging to three categories and they are classified according to Tyson (1993,
1995). The classes are Phytoclasts, palynomorphs and amorphous organic matter (AOM). The counts were used
latter in cross plot of Tyson type ternary diagram of Tyson, (1993) and microplankton-spore-pollen, which is
modified after Federova, (1977) and Duringer and Doubinger, (1985). In order to determine the thermal
maturation numerically, the color of some spores was observed and compared with thermal alteration index
(TAI) chart of Pearson, (1984). For this purpose, the selected spore should be the available at all depths with
suitable abundances. Cyathidites australis were found to be adequate. The colors of psilate trilete spore
Cyathidites australis grains were observed and the TAI were estimated based on these observations. The
equivalent vitrinite reflectance (R,%) values were calculated using the correlation chart of Traverse, (2007). All
samples and microscopic slides used in this study will be stored at the Egyptian Petroleum Researches Institute
and their reference will be the depth.
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Fig. 2: The range chart of the identified taxa against the depth. They are arranged according to the order of first
down-hole appearance. The Lithology of WD 19-2 borehole is presented against the identified

palynostratigraphy.



3684
J. Appl. Sci. Res., 9(6): 3681-3697, 2013

Palynostratigraphy:

The early Cretaceous palynomorph assemblages in the deposits of Kharita and Bahariya of the WD 19-2
borehole are divisions of the Albian—Cenomanian Elaterates Province of Herngreen et al., (1996). This province
covers the old Gondwana (Herngreen et al., 1996; Ibrahim et al., 2000). This province is equivalent to the
African—South American (ASA) Microfloral Province of Herngreen, (1974) and Herngreen and Chlonova,
(1981), the Northern Gondwana Province of Brenner, (1976), Galeacornea paleophytogeoprovince of
Srivastava, (1978), the Elaterosporites phytogeoprovince of Srivastava, (1981), Northern Gondwanan Realm of
Batten and Li Wenben, (1987), and the mid-Cretaceous elater-bearing phytogeoprovince of Srivastava, (1994).
The Aptian palynostratigraphy is similar to that of the North Africa in Sudan and Libya, Batten and Li Wenben,
(1987) and Srivastava, (1994).

On the basis of palynological assemblage, the first downhole appearance of species and events of common
occurrence, three palynomorph acme zones have been identified, Fig. 2. WD 19-2 borehole yielded 51 species
of palynomorphs, 3 sporomorphs and 16 dinoflagellate cysts in the studied interval and the most important
palynomorphs are represented in the range chart in figure 2. The identified palynozones are correlated with
palynozones from previous studies in Egypt and North Africa. Three palynozones are recognized from the
charts and discussed herein from the top to the base as follows:

Late Albian — early Cenomanian palynozones:
Afropollis jardinus Acme Zone:

Definition: It covers the interval from the first to the last common occurrence of Afropollis jardinus.

Stratigraphical range: depth interval from 3280 to 4750 feet (1470 feet thickness), within the Bahariya and
Kharita Formation.

Remarks: Afropollis jardinus is common species in the middle/late Albian—middle Cenomanian of northern
Gondwana and was recorded for the first time by Doyle et al., (1982) in Aptian—Lower Cenomanian. It is
recovered in many regions of Egypt, Libya, Nigeria, Senegal, Sudan, the Persian Gulf area, and the
Mediterranean, Palynodata and White, (2008).

Assemblage: this zone includes a diverse sporomorphs assemblage. The spore assemblage is composed
mainly of Crypelosporites pannuceus, Cicatricosisporites sp. A, Cicatricosisporites sinuosus, Deltoidospora
sp. A, Trilobosporites laevigatus and the long ranging Todisporites major\minor, Cyathidites/ Dictyophyllidies
and Gleicheniidites senonicus. The pollen assemblage is very distinctive in this age. Angiosperms are consisted
of  Afropollis jardinus, Afropollis operculatus, Cretacaeiporites densimurus, Foveotricolpites
giganatoreticulatus, Tricolpites sp. A and Retimonocolpites variplicatus. The elaterate pollens are
Elaterosporites klaszii, Galeacorna causea, Galeacornea clavis and Sofrepites legouxae. Gymnosperms are
represented by Araucariacites australis, Classopollis classoides, Callialasporites dampieri, Ephedripites
jansonii, Gnetaceaepollenites sp. A, Steevesipollenites binodosus.

Dinoflagellate cysts are not common in this zone and they are represented mainly by Coronifera oceanica,
Dinopterygium cladoides, Florentinia berran, Florentinia laciniata, Florentinia mantellii, Florentinia sp. A,
Odontochitina operculata, Odontochitina singhii, Oligosphaeridium complex, Spiniferites sp. A, Spiniferites
ramosus and Xiphophoridium alatum.

Age and correlation: the equivalent intervals of this zone can be found in the Cretaceous of many other
areas in Egypt and the surrounding regions. These include, Afropollis jardinus Assemblage Zone of El Beialy,
(1994a), Palynologic Zone II of El Beialy et al., (2011), late Albian — Cenomanian Assemblage Zones A, B of
Ibrahim, (2002), Zone PS-III of Mahmoud and Moawad, (1999), Afropollis jardinus Interval Zone of El Beialy
et al., (2010), Palynozone II of Zobaa et al., (2013), Assemblage VI of El Beialy et al., (1990), Afropollis
jardinus Zone of Aboul Ela and Mahrous, (1992), El Shamma and Arafa, (1992), Afropollis jardinus Zone I of
Said et al., (1994), Palynomorph Zone no. II of Mahmoud and Moawad, (1999), Bahariya Formation
Palynozones of El Shamma et al., (1997), CE-4 Afropollis jardinus Acme Zone of El Shamma et al., (1999),
and Assemblage Zone III of Sultan and Aly, (1986). These palynozones are dated as Late Albian and early
Cenomanian from the north Western Desert. In the surrounding countries, the present zone can be correlated
with the Cenomanian assemblage of Batten and Uwins, (1985), Vraconian to early Cenomanian IVB
assemblage of Uwins and Batten, (1988) and Latest part of Palynozone III of Tekbali, (2008) in Libya. In
Nigeria, it can be correlated with the late Albian—early Cenomanian Subzone Ia of Lawal and Moullade, (1986)
and Palynological Zones 4 and 5 of Abu bakar et al., (2011). In Sudan, this zone can be correlated with the late
Albian-early Cenomanian Elaterate-Araucariacites-Leptolepidites Assemblage Zone of Schrank, (1994) from
northern Kordofan, west of Khartoum. The correlation can be extended with the late Albian—early Cenomanian
Ahmadi Formation Assemblage of El Beialy and Al Hitmi, (1994) and Ibrahim et al., (2000) from Qatar. The
age of this zone is late Albian- Early Cenomanian. Although, Afropollis jardinus is widely employed
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biostratigraphic marker, the interval of its common occurrence is used in the current paper to identify the late
Albian-early Cenomanian. The present interval of the Afropollis jardinus common occurrence zone can be
divided in two subzones, which are Elaterosporites klaszii Interval Zone and Cretacaeiporites densimurus
Interval Zone.

Age Assignment: Afropollis jardinus was recorded from the Middle/Late Albian—?Middle Cenomanian of
northern Gondwana (Doyle et al., 1982). The range base of Afropollis jardinus has been taken to characterize
the Early Albian in Egypt and elsewhere (Herngreen and Chlonova, 1981; Doyle et al., 1982; Giibeli et al.,
1984; Schrank and Ibrahim, 1995; and Ibrahim et al., 2001). Additional records from Egypt, Libya, other
African countries, Gulf area and the Mediterranean are shown in Palynodata and White (2008). E1 Shamma et
al., (1999) noted the predominant occurrence of Afropollis jardinus in Cenomanian.

Crypelosporites pannuceus is known from lower Albian to middle Cenomanian deposits of Senegal and
Ivory Coast (Jardine and Maglorie, 1965), Libya (Tekkbali, 2008), Peru (Brenner, 1968) and Brazil (Herngreen,
1973). It is also recorded from Aptian to Cenomanian deposits Mohamed and Deaf, (2007).

Elaterosporites klaszi, Elaterocolpites castelainii, Elateroplicites africaensis, Afropollis jardinus,
Galeacornea causea, Cretacaeiporites densimurus and Crypelosporites pannuceus point to the early
Cenomanian age (Bassiouni et al., 1992; Ibrahim, 1996; El Shamma et al., 1997; El Shamma et al., 1999;
Mahmoud et al., 1999; Mahmoud et al., 1999; Mahmoud and Moawad, 2002 and Ibrahim, 2002).

Galeacornea clavis is indicating Cenomanian —Turonian in NigeriaLawal and Moullade, (1986). It is
indicating early middle Cenomanian in Egypt, Ibrahim, (2002).

Matonisporites simplex is recorded in early Cenomanian age (Bassiouni et al., 1992; El Shamma et al.,
1997; El Shamma et al., 1999).

Ephedripites jansonii is an Albian—Cenomanian was recorded from Brazil (Herngreen, 1973), Egypt and
Qatar (Sultan, 1987; El Beialy, 1994b; Schrank and Ibrahim, 1995; Ibrahim et al., 2000). Steevesipollenites
binodosus was recorded in the Albian—Turonian of West Africa (Stover, 1964); Late Albian—Early Cenomanian
of Nigeria (Lawal and Moullade, 1986; Abubakr et al., 2006) and Egypt (El Beialy, 1994c; El Beialy et al.,
2011).

Crypelosporites pannuceus is known from lower Albian to middle Cenomanian deposits of Senegal and
Ivory Coast (Jardine and Maglorie, 1965), Peru (Brenner, 1968) and Brazil (Herngreen, 1973).

Retimonocolpites variplicatus is among the important palynomorph assemblage used in identifying the late
Albian — early Cenomanian age (Schrank and Mahmoud, 1998; Mahmoud et al., 2007 and Zobaa et al, 2013).

The presence of Dinopterygium cladoides, Florentinia berran and Florentinia mantellii, indicate late
Albian—early Cenomanian age. The former has a range base in the Albian. They have been recorded associated
with some dinoflagellate cysts such as Florentinia cooksoniae, Florentinia laciniata, Florentinia mantellii,
Florentinia radiculata and Xiphophoridium alatum been recorded previously from late Albian— early
Cenomanian assemblages from the northern Western Desert (El Beialy, 1993b; 1994a,b; 1995). Florentinia
berran has been used as a marker in the latest Albian—early Cenomanian and recorded from Morroco, northeast
Libya and the northern Western Desert (Below, 1982, 1984; Uwins and Batten, 1988; Schrank and Ibrahim,
1995, Ibrahim, 2002, El Beialy et al., 2010 and Zobaa, 2013). Odontochitina singhii was recorded in Albian—
Cenomanian age (Singh, 1983; Nghr-Hansen and Mclntyre, 1998; Riding and Crame, 2002; Backhouse, 2006)
and in Egypt in the same age, Beialy et al., (2010). The same dinoflagellate assemblage along with
Oligosphaeridium totum was used in defining a dinoflagellate zone (D4) in the early Cenomanian, Mahmoud
and Deaf, 2007.

Elaterosporites klaszii Interval Subzone:

Definition: this subzone is defined from the last occurrence of Elaterosporites klaszii to the last occurrence
of Cretacaeiporites densimurus.

Stratigraphical range: depth interval is from 3280 to 4190 feet (910 feet thickness), within the Bahariya
Formation.

Age and correlation: this zone can be correlated with the Elaterosporites klaszii—Elaterocolpites castelainii
Zone of Abd El Shafy and Abd El Moneim, (1991), the Elaterosporites klaszii Zone of Aboul Ela et al., (1996),
Zone 3 of Ibrahim, (1996), the CE-3 Elaterosporites klaszii Acme Zone of El Shamma et al., (1999),
Cretacaeiporites densimurus - Foveotricolpites gigantoreticulatus Assemblage Zone PS V of Mahmoud and
Deaf, (2007).

Elaterosporites klaszii subzone of El Beialy et al., (2010) and Elaterosporites klaszii—-Sofrepites legouxae—
Afropollis jardinus of El Beialy et al., (2011). The age of this subzone is early Cenomanian.

Age Assignment: Elaterospores are recorded in the northern Gondowana province from the early Albian to
the late Cenomanian (Herngreen, 1975). Elaterocolpites castelainii first occur in the late Albian/early
Cenomanian (Hochuli, 1981). Earliest records of Elaterosporites klaszi, Elaterocolpites castelainii and
Elateroplicites africaensis mark the Cenomanian base (Schrank and Ibrahim, 1995; Mahmoud et al., 1999,



3686
J. Appl. Sci. Res., 9(6): 3681-3697, 2013

Egypt). It is also recorded in Cenomanian of Egypt (El Shamma, 1988 and Bassiouni et al., 1992). The total
range of Elaterocolpites castelainiii occurs in early Cenomanian (Mahmoud and Moawad, 2002).

Galeacornea causea is a late Albian- early Cenomanian marker, appear in level above Elaterosporites
klaszi as recorded from sediment of the ASA province such as equatorial Africa (Jardiné, 1967); NE Brazil
(Herngreen, 1974, 1975); Nigeria (Lawal and Mollade, 1986, Abubakar et al., 2006 and Abubakar et al., 2011);
Senegal (Jardiné and Magloire, 1965):Egypt (El Beialy, 1994c; Schrank and Ibrahim, 1995; Bassiouni et al.,
1992; El Shamma et al., 1997; El Shamma et al., 1999; Mahmoud and Moawad, 1999; Mahmoud et al., 1999;
Mahmoud and Moawad, 2002; El Beialy et al., 2010; El Beialy et al., 2011; Zobaa et al., 2013 ).

Elaterosporites klaszi, Elaterocolpites castelainii, Afropollis jardinus and Crypelosporites pannuceus were
identified from Albian-Cenomanian strata of Egypt (Sultan and Aly, 1986; Omran et al., 1990).

Schrank, (1990) noted that Elaterosporites klaszi and Elaterocolpites castelainii are relatively short ranging
palynomorphs and are restricted to middle Albian- Cenomanian interval in Africa and South America.

Sofrepites legouxae is also an index fossil in the Late Albian—Early Cenomanian strata of Brazil
(Herngreen, 1975) and was reported in the same interval in Senegal and Gabon (Jardiné, 1967; Boltenhagen,
1980). It indicated the same age in the north Western Desert (Sultan, 1987; El Beialy, 1994; Ibrahim, 1996;
Mahmoud et al., 1999; El Beialy et al., 2010, 2011).

Cretacaeiporites densimurus Interval Subzone:

Definition: this subzone is defined by the last occurrence of Cretacaeiporites densimurus to the First
common occurrence of Araucariacites australis.

Occurrence: depth interval from 4190 to 4960 feet (770 feet thickness), within the Bahariya Formation.

Remarks: Cretacaeiporites densimurus was mentioned for the first time from early-middle Cenomanian of
Egypt (Schrank and Ibrahim, 1995).

Correlation: this zone is equivalent to the early-middle Cenomanian Zone V of Schrank and Ibrahim,
(1995), late Albian — early Cenomanian Assemblage Zones A of Ibrahim, 2002, Cretacaeiporites densimurus
interval subzone of El Beialy et al., (2010), with Palynozone II of Zobaa et al., (2013) and Cretacaeiporites
densimurus-Foveotricolpites gigantoreticulatus Assemblage Zone (PS V) of Mohamed and Deaf, (2007), The
age of this subzone is late Albian—early Cenomanian.

Age Assignment: Cretacaeiporites densimurus was recorded by Schrank and Ibrahim (1995), they
described it as a potential marker of early Cenomanian from KRM-1 and AG-18 boreholes. Ibrahim, (1996,
2002) recorded it in the early-middle Cenomanian GTX-1 and AG-5 boreholes in the Western Desert. It was
also recorded as Cretacaeiporites scabratus from late Albian-early Cenomanian in East Tiba-1, (Aboul Ela and
Mabhrous, 1992; Bassiouni et al., 1992; El Shamma and Baioumi, 1992; El Beialy, 1993b, 1994a,c; Mahmoud et
al., 1999 and Mohamed and Deaf, 2007). In southern localities of Egypt, Cretacaeiporites densimurus was
extracted from sediments of Albian-Cenomanian (Mahmoud et al., 1995).

Middle Albian palynozones:
Araucariacites australis Acme Zone:

Definition: This zone is characterized by the maximum abundant occurrence of Araucariacites australis to
the first downhole common occurrence of Murospora florida. This zone is characterized by the appearance of
the palynostratigraphic important spore Scortea hamoza.

Occurrence: This zone interval extends from 4969 to 6150 feet (1181 feet) within the Kharita Formation.

Remarks: Bassiouni et al., (1992) noted the obvious increase in number of Araucariacites australis in
Albian.

Assemblage: the spore assemblage in this interval consisted of Gleicheniidites senonicus and
Crypelospories pannuceus besides long ranging Cyathidites / Dictyophyllidites, Concavissimisporites punctatus,
Cicatricosisporites sp. A, Cicatricosisporites sinuosus, Appendicisporites sp. A, Todisporites major / minor,
Deltoidospora sp. A and Scortea hamoza.

The gymnosperms are Araucariacites australis, Gnetaceaepollenites sp. A, Classopollis classoides,
Callialasporites dampieri, Ephedripites jansonii and Steevesipollenites sp. A. The angiosperms are Afropollis
jardinus and Afropollis operculatus. The dinoflagellate assemblage included Cyclonephelium vannophorum
Florentinia laciniata and Subtilisphaera senegalensis.

Correlation: This zone can be correlated with Araucariacites australis zone of El Shamma et al., (1997) in
Hayat- 4 borehole northern western Desert, Al.1 zone (Araucariacites australis Assemblage Zone) of Bassiouni
et al., 1992, Araucariacites australis Acme Zone of El Shamma et al., (1999).

Age Assignment: Araucariacites australis acme was recorded in the Albian from Hayat- 4 borehole in the
northern western Desert, El Shamma et al., (1997). El Shamma et al. (1999) recorded increase of gymnosperms
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specially Araucariacites australis in Albian age. Bassiouni et al., (1992) noted an obvious increase in number of
Araucariacites australis pollens in Albian.

El Beialy 1994b described Trilobosporites laevigatus from Middle/Late Albian and it was recorded in spore
assemblages that existed during the Albian—Early Cenomanian in Egypt (Mahmoud et al., 1999; Mahmoud and
Moawad, 2002 and El Beialy et al., 2010).

This zone is characterized by first downhole appearance of Scortea hamoza. This species was used to
indicate the Scortea hamoza subzone El Shamma et al., (1997) and Scortea hamoza Interval Zone of El Shamma
et al,, (1999) in the lower Albian. The co-existence of the Scortea hamoza and acme occurrence of
Araucariacites australis indicates middle Albian Age.

The assemblage can be correlated with commonly used dinoflagellate zone in Western Desert of Egypt.
Subtilisphaera senegalensis was recorded from Albian sediments by many authors, (e.g. Omran et al., 1990;
Schrank and Ibrahim, 1995; Ibrahim et al., 1995 and Ibrahim et al., 2002). The dinoflagellate assemblage
Cyclonephelium vannophorum and Subtilisphaera senegalensis is indicating Albian age (Schrank and Ibrahim,
1995 and Mohamed and Deaf, 2007). This zone is described as the Subtilisphaera senegalensis -
Cyclonephelium vannophorum Interval Zone of Albian age of Schrank and Ibrahim, (1995) and as Zone D3
Coronifera oceanica - Oligosphaeridium spp. Subtilisphaera senegalensis Assemblage Zone of Albian age
(Mohamed and Deaf, 2007).

Aptian palynozones:
Murospora florida Acme Zone:

Definition: This zone extends from the first downhole common occurrence of the Murospora florida.

Remarks: El Shamma et al., (1997, 1999) marked the increase of percentage Murospora florida in Aptian.

Occurrence: This zone interval extends from 6150 to 6830 feet (781 feet) within the Dahab and Alamein
formations.

Assemblage: Gleicheniidites senonicus and Crypelospories pannuceus besides long ranging Cyathidites /
Dictyophyllidites, Concavissimisporites punctatus, Cicatricosisporites sp. A, Cicatricosisporites sinuosus,
Appendicisporites sp. A, Todisporites major / minor, Deltoidospora sp. A and Scortea hamoza.

The gymnosperms are Araucariacites australis, Gnetaceaepollenites sp. A, Classopollis classoides,
Callialasporites dampieri and Callialasporites trilobatus. The angiosperms Afropollis operculatus. The
dinoflagellate assemblage included Cornifera oceanic, Cyclonephelium vannophorum, Cribroperidinium
edwardsii and Subtilisphaera senegalensis.

Correlation: This zone resemble the lower part of zone ps2 of Omran et al., (1990). This zone resembles
Aptian Assemblage Zone III of Mahmoud et al., (1999). Murospora florida Assemblage Zone of El Shamma et
al., (1997). Murospora florida Acme Zone of El Shamma et al., (1999). It is similar to PS-1 of Mahmoud &
Moawad, (2002). It is similar to the Murospora florida - Concavissimisporites variverrucatus- Afropollis
operculatus Assemblage Zone of Makled, (2004)

Age Assignment: Murospora florida enter the local record from Aptian onward Omran et al., (1990) and El
Shamma et al., (1997, 1999). A similar assemblage has been recognized by Mahmoud et al., (1999) dominated
by the presence of Murospora florida, was given Aptian age. The assemblage of Murospora florida and
Concavissimisporites variverrucatus has been attributed to Aptian by Mahmoud & Moawad, (2002). El
Shamma et al., (1997, 1999) marked the increase of percentage Murospora florida in Aptian. Cribroperidinium
edwardsii is among common markers for Aptian age, Omran et al., (1990), El Shamma et al., (1997, 1999) and
Mahmoud and Moawad, (2002).

Palynofacies and paleoenvironmental analysis:

The particulate organic matter (POM) or kerogen in the present study is clustered in three main clusters,
Fig. 4. They are recognized using the classification scheme of Tyson (1993, 1995) of the particulate organic
matter. The cluster analysis is common in the recent palynological studies, Jaramillo and Oboh-Ikuenobe,
(1999). The Palynomorphs could be terrestrial (sporomorphs) or marine (dinoflagellates or foraminifera test
linings). Phytoclasts are all structured, opaque or translucent yellow to brown, dispersed particles of plant-
derived kerogen other than palynomorphs. The Amorphous organic matter (AOM) refers to all structureless
dispersed particles of kerogen, whether of marine or non-marine origin. The relative variations in the
composition and proportions of the palynomorph assemblages could be the direct response to the influence of
the paleoenvironmental conditions that are existed during the deposition, Figs. 3, 5-6. These conditions are such
as oxygen content, proximity to sediment source or landmass and sea level changes, Tyson, (1993, 1995). The
Tyson type ternary diagram and the microplankton-spore-pollen diagram can provide valuable information
about the environmental conditions that prevailed during the deposition, Table 1 and Fig. (5, 6).
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Cluster analysis:

The cluster analysis of the particulate organic matter (POM) revealed three cluster and represented in figure
4 and they described as the following:

Palynofacies cluster A: It is characterized by moderate abundances of the phytoclasts (39.2-55.3%) and
abundant AOM (22. 7- 31.4%), spores and marine palynomorphs. Some of the AOM particles are brown with
sharp edges, which indicate that a part of the AOM is degraded phytoclasts. The samples of this cluster are
deposited in the shallow marine with moderate fresh water influences. The samples of this cluster are plotted in
field IV in the Tyson type ternary diagram, Fig. 5. The Kerogens are expected to be gas prone types II and L
They plotted in deltaic to shallow marine environment in the microplankton —spore- pollen diagram, Fig. 6.

Palynofacies cluster B: It is characterized by the moderate abundance of the phytoclasts (57.5-69.1%),
moderate abundances of AOM (14.5-30.7%) and low abundances of spore, pollen and marine palynomorphs. A
part of the AOM is dark brown and sharp edged and is considered as degraded phytoclasts. The samples of this
cluster are plotted in the fields of II and IV in Tyson type ternary diagram, which indicate oxic to dysoxic
conditions, Fig. 5. The kerogen of the samples of this cluster is gas prone types III and IV. They plotted in
deltaic to shallow marine environment, Fig. 6.

Palynofacies cluster C: it is characterized by the large abundances of the phytoclasts (74.0-91.6%), low
abundances of AOM (4.5-19.5%) as well as the sporomorphs and marine palynomorphs. This cluster samples
are plotted in field I and II in the Tyson type ternary diagram, which indicate deposition under oxic conditions.
The kerogens of this cluster are gas prone types III and IV. They plotted in shallow near shore environment, Fig.

6.
Palynofacies Distribution:
The vertical changes in the different palynomorph relative abundances reflect the environmental alteration

over time particularly the sea level changes and fresh water input. The relative abundances of the palynomorphs
are presented in Fig. 3.
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Fig. 3: The distribution of relative abundances of the different palynomorphs categories against the depth. The
paleoenvironmental indications are presented as well as the palynofacies clusters.

a) Alamein and Dahab formations:

The samples from these two formations are generally belonging to the clusters of A and B, Fig. 4. The
proportions of the AOM and marine palynomorphs are large especially in the upper part. That might indicate
that the dysoxic to anoxic condition prevailed during the deposition. The proportions of the phytoclasts are high,
which indicates to deposition under relatively moderate fresh water input (rivers or deltas) or proximity to the
land. Deltaic transition to marine environments (rising in sea level) is suggested for these two formations. The
environments of these of two formations are the deepest in the studied succession.
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B) Kharita Formation:

The samples from this formation are generally belonging to the cluster of B and occasionally cluster of A at
the bottom and top of the formation. The samples included higher abundances of phytoclasts and AOM of
probably terrestrial origin, which indicating increasing in the fresh water activity or drop in sea level as well as
deposition under oxic to suboxic conditions. The environment of deposition is mainly deltaic to shallow marine.

Table 1: The abundances of the different palynomorphs classes. This table is the base for the ternary plot diagrams presents in Figs. 5 and 6.
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Fig. 4: Cluster analysis of the studied palynofacies categories. R-mode is for the studied palynomorphs and Q-
mode is for the studied samples.

¢) Bahariya Formation:

The samples from the Bahariya Formation are belonging to clusters of the C and B. The phytoclasts become
very dominant and the proportions of the AOM and other palynomorphs are lowered. This dominance of the
phytoclasts indicating the proximity to fresh water source and high influence of fresh water input. This influence
is decreasing upward accompanying the increasing in AOM proportions. Generally, a deltaic shallow marine
environment with high oxygen levels (oxic) is suggested for this formation.

Hydrocarbon generation potentiality:

Depending on the proportions of the different palynomorphs, the palynofacies analysis is a successful tool
to determine the kerogen types, Tyson, 1993. On the other hand, the thermal maturation is indicated from the
spore coloration. The fields of Tyson ternary diagrams are indicating the kerogen types, Tyson (1993, 1995),
Fig. 5. The samples from the Alamein and Dahab formations are plotted in the fields of (II, IV), which indicate
gas-prone kerogen types II and IV. The color of the Cyathidites australis spore grains in the Alamein Formation
are mature organic yellow to orange, which is indicating a thermal alteration index (TAI) range between 2 to 2+
and vitrinite reflectance of 0.5%, Pearson, 1984. The samples from the Kharita Formations are plotted in the
fields of (I, IV), which indicate gas-prone kerogen types Il and IV. The color of the Cyathidites australis spore
grains in the Kharita Formation are immature yellow, which is indicating a thermal alteration index (TAI) range
between -2 to 2 and vitrinite reflectance of 0.5%, Pearson, 1984. The samples from the Bahariya Formation
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includes translucent and brown phytoclasts and are plotted in the fields of (I, II), which is indicate gas-prone
kerogen types III and IV. The color of the Cyathidites australis spore grains did not change from the older
samples from Kharita Formation. The color ranged between immature yellow, which indicating a thermal
alteration index between 2- to 2 and vitrinite reflectance of 0.5%Pearson, 1984.
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Fig. 5: Tyson type ternary plot of the palynomorph classes and palynofacies distribution. It is modified after

Tyson, (1993, 1995). The large ternary plot is for the samples from the different formation. The
samples from each cluster are plotted separately and presented under the large one. The samples are
plotted in the fields I, II, III, IV, V. Field I = kerogen type III; field II=kerogen type III; field I=
kerogen type III; field II = kerogen type III; field III = kerogen type III or IV; field IV = kerogen type
III or II; field V = kerogen type III > IV; field VI = kerogen type II; field VII = kerogen type II; field
VIII = kerogen type II > I; field IX = kerogen type II or 1.

Overall, the hydrocarbon generation potentiality is moderate at the Alamein and Dahab formations and poor

in the Kharita and Bahariya formations. The Alamein and Dahab formations are mature and can yield
hydrocarbons. The kerogens of Kharita and Bahariya formations are immature to yield hydrocarbons.
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Fig. 6: The microplankton-spore-pollen ternary plot diagram (modified after Federova, 1977 and Duringer and
Doubinger, 1985). The possible environmental interpretations are shown in each filed of the plot. The
large ternary plot is for the samples from the different formation. The samples from each cluster are
plotted separately and presented under the large one.

Conclusions:

The presents study focused on the palynostratigraphy, palynofacies and hydrocarbon generation potentiality
of the of the Aptian to Cenomanian succession, which comprises four rock formations (Alamein, Dahab, Kharita
and Bahariya formations) from the North part of the Western Desert of Egypt and study result in the following:
1) The Bahariya and Kharita formation contain a diverse sporomorph and dinoflagellates association, which
belongs to two palynozones:

a) Afropollis jardinus Acme Zone (late Albian — Early Cenomanian). This zone can be differentiated into two
subzones, which are Elaterosporites klaszii interval subzone and Cretacaeiporites densimurus interval subzone.
b) Araucariacites australis Acme Zone (middle Albian).

2) The Alamein and Dahab contain a diverse spore and dinoflagellate assemblage that belongs to the Murospora
florida Acme Zone of Aptian age.

3) The identified zones are correlated with the previously studied palynozones from the different areas in the
Western Desert of Egypt.

4) The palynofacies investigations indicated that the Alamein and Dahab formations deposited in deltaic shallow
marine environment under dysoxic to anoxic conditions. The Bahariya and Kharita formations are deposited in
shallower and more oxygenated (oxic to suboxic ) conditions with high fresh water influences.

4) The spore color examinations of the Cyathidites australis grains indicated the mature kerogens at the
Alamein and Dahab formations and immature kerogens in Kharita and Bahariya formations.
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5) The hydrocarbon generation potentiality in Alamein and Dahab Formations are higher than the Kharita and
Bahariya formation good because of maturity of kerogen particles, while in Bahariya and kharita formations it is
generally poor because of the low quantity of AOM and immaturity of kerogen particles.

References

Abd El Shafy, E., A. Abd El Moneim, 1991. Palynostratigraphy and paleoenvironment of Abu Roash Formation
in Abu Gharadig Basin, Western Desert, Egypt. Bulletin of Faculty of Science, Zagazig University, 13(1):
306-335.

Aboul Ela, N.M., H.A.R. Mahrous, 1992. Albian-Cenomanian miospores from the subsurface of the north
Western Desert, Egypt. Neues Jahrbuch fiir Geologie und Paladntologie, Abhandlungen, 10: 595-613.

Aboul Ela, N.M., D. Shaw, S.E. Ragab, 1996. Palynostratigraphy of the Bahariya Formation in the subsurface of
the Salam Oil Field, north Western Desert, Egypt, in: Proceeding of 13th Petroleum Conference, Egyptian
General Petroleum Corporation, 1: 381-400.

Abubakar, M.B., H.P. Luterbacher, A.R. Ashraf, R. Ziedner, A.S. Maigari, 2011. Late Cretaceous
palynostratigraphy in the Gongola Basin (Upper BenueTrough, Nigeria). Journal of African Earth Sciences,
60: 19-27.

Abubakar, M.B., N.G. Obaje, H.P. Luterbacher, E.F.C. Dike, A.R. Ashraf, 2006. A report on the occurrence of
Albian—Cenomanian elater-bearing pollen in Nasara-1 well, Upper Benue Trough, Nigeria: Biostratigraphic
and palaeoclimatological implications. Journal of African Earth Sciences, 45: 347-354.

Ayouty, M.K., 1990. Petroleum geology, in: R. Said (Ed.), The geology of Egypt, Balkema, pp: 567-599.

Backhouse, J., 2006. Albian (Lower Cretaceous) dinoflagellate cyst biostratigraphy of the Lower Gearle
Siltstone, southern Carnarvon Basin, Western Australia. Palynology, 30: 43-68.

Bassiouni, M.E.M., A.A. El-Shamma, A.A. Baioumi, 1992. Study of the microfloral characteristics of Aptian—
Cenomanian sediments in WD-39-1, Western Desert, Egypt. Bulletin of the Faculty of Science, Alexandria
University, 32(A): 466-483.

Batten, D.J. Wenben, Li., 1987. Aspects of palynomorph distribution, floral provinces and climate during the
Cretaceous. Geologisches Jahrbuch, A96: 219-237.

Batten, D.J., P.J.R. Uwins, 1985. Early-Late Cretaceous (Aptian—Cenomanian) Palynomorphs. Journal of the
British Micropalacontological Society, 4(1): 151-168.

Below, R., 1982. Scolochorate Zysten der Gonyaulacaceae (Dinophyceae) aus dem Unterkreide Marokkos.
Palacontographica Abteilung, 182(B): 1-51.

Below, R., 1984. Aptian to Cenomanian dinoflagellate cysts from the Mazagan Plateau, northwest Africa (sites
545 and 547, Deep Sea Drilling Project Leg 79), initial Reports of the Deep Sea Drilling Project, 79: 621-
649.

Boltenhagen, E., 1980. Palynologie du Crétacé supérieur du Gabon. Com. Trav. Inst. Sci. Mrm. Sec. Sci. Paris,
1-191.

Brenner, G.J., 1976. Middle Cretaceous floral provinces and early migrations of angiosperms, in: E.B. Beck,
(Ed.), Origin and Early Evolution of Angiosperms. Columbia University Press, New York, pp: 23-47.

Brenner, G.J., 1976. Middle Cretaceous floral provinces and early migrations of angiosperms, in: E.B. Beck
(Ed.), Origin and Early Evolution of Angiosperms. Columbia University Press, New York, pp: 23-47.

Doyle, J.A., S. Jardiné, A. Doerenkamp, 1982. Afropollis, a new genus of early angiosperm pollen, with notes
on the Cretaceous palynostratigraphy and paleoenvironments of northern Gondwana. Bulletin des centres
de Researche Exploration-Production Elf-Aquitaine, 6(1): 39-117.

Duringer, P., J. Doubinger, 1985. La palynologie: un outil de characterisation des facies marins et continentaux
ala limite Muschelkalk Superieur-Lettenkohl. Sciences Géologiques, Bulletin, 38: 19-34.

El Beialy, S.Y., 1993a. Mid-Cretaceous palynomorphs from the Bardawil-1 Borehole, North Sinai, Egypt.
Cretaceous Research, 14: 49-58.

El Beialy, S.Y., 1993b. Aptian to Cenomanian palynomorphs from the Qarun 2-1 borehole, Western Desert,
Egypt, Qatar University Science Journal, 13(1): 152-160.

El Beialy, S.Y., 1993c. Dinoflagellate cysts and miospores from Albian-Cenomanian Sequence of the Qarun 2-1
borehole, Western Desert, Egypt, Qatar University Science Journal, 13(2): 301-307.

El Beialy, S.Y., 1994a. Palynostratigraphy and palynofacies analysis of some subsurface Cretaceous formations
in the Badr El Dein (Bed 1-1) borehole, North Western Desert, Egypt, Neues Jahrbuch fiir Geologie und
Paldontologie Abhandelungen, 192(2): 133-149.

El Beialy, S.Y., 1994b. Early Cretaceous dinoflagellate cysts and miospores from the Mersa Matruh 1 Borehole,
North Western Desert, Egypt, Qatar University Science Journal, 14(1): 184-200.

El Beialy, S.Y., 1994c. Palynological investigations of Cretaceous sediments in the Abu El Gharadig Oil field,
Western Desert, Egypt, Newsletter in Stratigraphy, 31(2): 71-84.



3694
J. Appl. Sci. Res., 9(6): 3681-3697, 2013

El Beialy, S.Y., 1995. Datation and paleoenvironenmtal interpretation by microplankton and miospore
assemblages of the Razzak Oil Field sediments, Western Desert, Egypt. Geobios, 28(6): 663-673.

El Beialy, S.Y., H. Al Hitmi, 1994. Micropalaeontology and palynology of the Lower and Middle Cretaceous
Thamama and Wasia groups, DK-C well, Dukhan Oil Field, Western Qatar. Sciences Géologiques Bulletin,
47: 67-95.

El Beialy, S.Y., S.N. Ayyad, S.E. Kholeif, 1990. Mesozoic-Tertiary palynomorphs and planktonic foraminifera
of the subsurface section of the Sindy-1 well, eastern Nile Delta, Egypt. Newsletters on Stratigraphy, 22(2-
3): 71-85.

El Beialy, S., M. El-Soughier, S. Abdel Mohsen, H. El Atfy, 2011. Palynostratigraphy and paleoenvironmental
significance of the Cretaceous succession in the Gebel Rissu-1 well, north Western Desert, Egypt. Journal
of African Earth Sciences, 59: 215-226.

El Beialy, S.Y., H.S. El Atfy, M.S. Zavada, E.M. El Khoriby, R.H. Abu-Zied, 2010. Palynological,
palynofacies, paleoenvironmental and organic geochemical studies on the Upper Cretaceous succession of
the GPTSW-7 Well, north Western Desert, Egypt. Marine and Petroleum Geology, 27: 370-385.

El Gezeery, M.N., S.M. Mohsen, M. Farid, 1972. Sedimentary basins of Egypt and their petroleum prospects.
Proceedings of the 8™ Arab Petroleum Congress, Algiers, pp: 1-15.

El-Shamma, A.E., A.A. Arafa, 1988. Early pollen angiosperm from the Lower Cretaceous sediments in the
northern part of the Western Desert, Egypt. Egyptian Journal of Geology, 32(1-2): 263-272.

El-Shamma, A.E., A.E. Baioumi, 1992. Early Cenomanian microfloral characteristics of the Salam Oil Field,
Western Desert, Egypt. Bull. Fac. Sci. Alex. Univ., 32(A): 444-464.

El Shamma, A.A., A.A. Baioumi, 1993. Palynostratigraphic zonation of northern Western Desert, Egypt,
Egyptian Journal of Geology, 37(2): 247-274.

El Shamma, A.A., Zein, M.Y. El Din, S.A. Mohammed, 1997. Additional study on microfloral characteristics
and palynozone of subsurface Cretaceous Rocks in the Western Desert, Egypt, Bulletin Faculty of Science,
Assiut University, 26(2-F): 1-28.

El Shamma, A.A., F.L. Obeid, S.A. Mohammed, 1999. Neocomian—Cenomanian palynozones of some
subsurface rocks in north Western Desert, in: First International Conference on the Geology of Affica,
Assiut — Egypt, 1: 65-102.

Federova, V.A., 1977. The significance of the combined use of microphytoplankton, spores, and pollen for
differentiation of multi-facies sediments, in: S.R. Samolilivich, N.A. Timoshina (Eds.), Questions of
phytostratigraphy, pp: 70-88. (Trudy Neftyanoi Nauchno-Issledovatelskii Geologorazvedochnyi Institut,
Leningrad). [In Russian].

Hantar, G., 1990. North Western Desert, in: R. Said, (Ed.), The Geology of Egypt, Balkema, pp: 293-319.

Herngreen, G.F.W., 1973. Palynology of Albian—Cenomanian strata of borehole 1- QS-1-MA, State of
Maranhao, Brazil. Pollen et Spores, 15(3-4): 515-555.

Herngreen, G.F.W., 1974. Middle Cretaceous palynomorphs from northeastern Brazil. Sciences Géologiques,
27:101-116.

Herngreen, G.F.W., 1975. Palynology of Middle and Upper Cretaceous strata in Brazil. Mededelingen Rijks
Geologische Dienst, Nieuwe Serie, 26(3): 39-91.

Herngreen, G.F.W., A.F. Chlonova, 1981. Cretaceous microfloral provinces. Pollen et Spores, 23: 441-555.

Herngreen, G.F.W., M. Kedves, L.V. Rovnina, S.B. Smirnova, 1996. Cretaceous palynofloral provinces: a
review, in: J. Jansonius, D.C. McGregor, (Eds.), Palynology: Principles and Applications, American
Association of Stratigraphic Palynologists Foundation, 3: 1157-1188.

Hochuli, P.A., 1981. North Gondwanan floral elements in Lower to Middle Cretaceous sediments of the
Southern Alps (southern Switzerland, northern Italy). Review of Palacobotany and Palynology, 35: 337-
358.

Ibrahim, M.I.A., 1996. Aptian-Turonian palynology of the Ghazalat-1 Well (GTX-1), Qattara Depression,
Egypt. Review of Palacobotany and Palynology, 94: 137-168.

Ibrahim, M.I.LA., 2002. Late Albian—middle Cenomanian palynofacies and palynostratigraphy, Abu Gharadig-5
well, Western Desert, Egypt. Cretaceous Research, 23: 775-788.

Ibrahim, M.ILA., H. Al-Saad, 2000. Late Cenomanian—early Turonian low-salinity tolerant agglutinated
foraminifera from the Khalda-21 borehole, Western Desert, Egypt. Neues Jahrbuch fiir Geologie und
Paladntologie, Abhandlungen, 216: 67-87.

Ibrahim, M.ILA., N.M. Aboul Ela, S.E. Kholeif, 2001. Palynostratigraphy of Jurassic to Lower Cretaceous
sequences from the Eastern Desert of Egypt. Journal of African Earth Sciences, 32(2): 269-297.

Ibrahim, M.I.LA., N.M. Aboul Ela, S.E. Kholeif, 2002. Dinoflagellate cyst biostratigraphy of Jurassic—Lower
Cretaceous formations of the North Eastern Desert, Egypt. Neues Jahrbuch fiir Geologie und Paldontologie,
Abhandlungen, 224(2): 255-319.



3695
J. Appl. Sci. Res., 9(6): 3681-3697, 2013

Ibrahim, M.ILA., HH.A. Al Hitmi, S.E. Kholeif, 2000. Albian—Cenomanian palynology, palacoecology and
organic thermal maturity of Well DK-B in the Dukhan Oil Field of Western Qatar. GeoArabia, 5(4): 483-
508.

Ibrahim, M.I.A., E. Schrank, M.R. Abdel-Kireem, 1995. Cretaceous biostratigraphy and palaeogeography of
North Egypt and Northeast Libya. Petroleum Research Journal, 7: 75-93.

Jaramillo, C.A., F.E. Oboh-Ikuenobe, 1999. Sequence stratigraphic interpretations from palynofacies, dinocyst
and lithological data of Upper Eocene—Lower Oligocene strata in southern Mississippi and Alabama, U.S.
Gulf Coast. Palaecogeography, Palaeoclimatology, Palacoecology, 145: 259-302.

Jardiné, S., L. Magloire, 1965. Palynologie et stratigraphie du Crétacé des Bassins du Sénégal et de Cote
d’Ivoire. Colloque International de Micropaléontologie, Dakar, 1963. Mémoires du Bureau de Recherches
Géologiques et Minieres, 32: 187-245.

Jardiné, S., 1967. Spores a expansions en forme d’¢élatéres du Crétacé moyen d’Afrique occidentale. Review of
Palacobotany and Palynology, 1: 235-258.

Lawal, O., M. Moullade, 1986. Palynological biostratigraphy of Cretaceous sediments in the upper Benue Basin,
N.E. Nigeria. Revue de Micropaléontologie, 29: 61-83.

Mahmoud, M.S., A.S. Deaf, 2007. Cretaceous Palynology (spores, pollen and dinoflagellate cysts) of the Sigeifa
1-X Borehole, Northern Egypt. Rivista Italiana di Paleontologia e Stratigrafia, 133(2): 203-221.

Mahmoud, M.S., A.M.M. Moawad, 1999. Miospore and dinocyst biostratigraphy and palaecoecology of the
Middle Cretaceous (Albian—Early Cenomanian) sequence of the Ghoroud-1X borehole, northern Western
Desert, Egypt. First International Conference on the Geology of Africa, Assiut, Egypt, 1: 1-13.

Mahmoud, M.S., AM. Omran, S.A.S. Atta, 1999. Stratigraphy of the Upper Jurassic— Lower Cretaceous
sequences from three boreholes, northern Egypt: palynological evidence. Newsletters on Stratigraphy,
37(3): 141-161.

Mahmoud, M.S., A.M. Moawad, 2002. Cretaceous palynology of the Sanhur-IX Borehole, Northwestern Egypt,
Revista Espafiola de Micropaleontologia, 34(2): 129-143.

Mahmoud, M.S., H.A. Soliman, A.S. Deaf, 2007. Early Cretaceous (Aptian—Albian) palynology of the Kabrit-1
borehole, onshore Northern Gulf of Suez, Egypt. Revista Espafiola de Micropaleontologia, 39(3): 169-187.

Makled, W.A., 2004. Palynological and Environmental Studies on some subsurface Jurassic and Cretaceous
Rocks in the Northern Part of the Western Desert, Egypt. M.Sc. Thesis, Ain Shams University, Egypt.

Nohr-Hansen, H., D. MclIntyre, 1998. Upper Barremian to upper Albian (Lower Cretaceous) dinoflagellate cyst
assemblages, Canadian Arctic Archipelago. Palynology, 22: 143-166.

Omran, A.M., H.A. Soliman, M.S. Mahmoud, 1990. Early Cretaceous palynology of three boreholes from
Northern Western Desert, (Egypt). Review of Palacobotany and Palynology, 66: 293-312.

Palynodata, Inc., J.M. White, 2008. Palynodata Datafile: 2006 Version, with Introduction by White, J.M.
Geological Survey of Canada. Open File 5793, 1 CD-ROM.

Pearson, D.L., 1984. Pollen/Spore Colour ‘‘Standard’’, Version 2. Phillips Petroleum Company, Privately
Distributed.

Riding, J.B., A.J. Crame, 2002. Aptian to Coniacian (Early—Late Cretaceous) palynostratigraphy of the Gustav
Group, James Ross Basin, Antarctica. Cretaceous Research, 23: 739-760.

Said, E.A., Z. El-Minshawi, H.M. Zaki, 1994. Palynofacies analysis and environmental interpretation of the
Bahariya Formation in the TSW structure, Abu Sennan, W.D. Proceedings of the 12th Petroleum
Exploration Production Conference, Cairo, 513-527.

Schrank, E., 1990. Palynology of the clastic Cretaceous sediments between Dongola and Wadi Muqgaddam,
northern Sudan. Berliner geowissenschaften Abhandelungen Rh. A, 120(1): 149-168.

Schrank, E., 1994. Nonmarine Cretaceous palynology of northern Kordofan, Sudan, with notes on fossil
Salviniales (water ferns). Geologische Rundschau, 83: 773-786.

Schrank, E., M.I.A. Tbrahim, 1995. Cretaceous (Aptian-Maastrichtian) palynology of foraminifera dated wells
(KRM-1, AG-18) in northwestern, Egypt. Berliner geowissenschaften Abhandelungen Rh. A, 177: 1-44.
Schrank, E., M.S. Mahmoud, 1998. Palynology (pollen, spores and dinofglagellates) and Cretaceous

stratigraphy of the Dakhla Oasis, Central Egypt. Journal of African Earth Sciences, 26: 167-193.

Singh, C., 1971. Lower Cretaceous microfloras of the Peace River area, Northwestern Alberta. Research
Council Alberta Bulletin, 28: 1301-542.

Srivastava, S.K., 1978. Cretaceous spore-pollen floras: a global evaluation. Biological Memoirs, 3: 1-130.

Srivastava, S.K., 1981. Evolution of Upper Cretaceous phytogeoprovinces and their pollen flora. Review of
Palaeobotany and Palynology, 35: 155-173.

Srivastava, S.K., 1994. Evolution of Cretaceous phytogeoprovinces, continents and climates. Review of
Palaecobotany and Palynology, 82: 197-224.

Stover, L.E., 1964. Cretaceous ephedroids pollen from West Africa. Micropalacontology, 10(2): 145-156.

Sultan, 1.Z., 1987. Palynology of Albian-Cenomanian strata in Mersa Matruh Well, Western Desert, Egypt.
Journal of African Earth Sciences, 6(5): 665- 675.



3696
J. Appl. Sci. Res., 9(6): 3681-3697, 2013

Sultan, I.Z., S.M. Aly, 1986. Palynological zonation of Albian-Cenomanian sediments in the northern part of the
Western Desert of Egypt. Bull. Fac. Sci. Alexandria Univ., 26(3): 80-101.

Tekbali, A.O., 2009. Palynozones from the subsurface Albian of the Kiklah Formation, NW Libya. Bulletin of
the Tethys Geological Society. Cairo, 4: 91-110.

Traverse, A., 2007. Paleopalynology, 2™ ed. Topics in Geobiology 2™. Springer, Dordrecht, the Netherlands,
28: 813.

Tyson, R.V., 1993. Palynofacies analysis, in: D. G. Jenkins, (Ed.), Applied Micropaleontology. Kluwer
Acadamic Publisher, Netherlands, pp: 153-191.

Tyson, R.V., 1995. Sedimentary Organic Matter: organic facies and palynofacies, Chapman, Hall, London, pp:
1-615.

Uwins, P.J.R., D.J. Batten, 1988. Early to Mid-Cretaceous palynology of northeast Libya, in: A. El-Arnauti
(Ed.), Subsurface Palynostratigraphy of Northeast Libya. Garyounis University Publication, pp: 215-257.

Zobaa, M.K., S.Y. El Beialy, H.A. El-Sheikh, M.K. El Beshtawy, 2013. Jurassic—Cretaceous palynomorphs,
palynofacies, and petroleum potential of the Sharib-1X and Ghoroud-1X wells, north Western Desert,
Egypt. Journal of African Earth Sciences, 78: 51-65.

Plate Description:
The identified taxa from the WD 19-2 borehole. The depth and the specimen diameter are indicated. All the

specimens are stored in the biostratigraphy laboratory in the Exploration Department in the Egyptian Petroleum
Research Institute (EPRI). The specimens are indexed by the depth and microscope coordinates.

Plate 1: 1- Gleicheniidites sp. A, depth 4050 ft, diameter 43 um. 2- Deltoidospora sp. A, depth 5380 ft,
diameter 59 um. 3- Cyathidites australis, depth 5380 ft, diameter 76 um. 4- Scortea hamoza, depth
5450 ft, diameter 65 pm. 5- Concavissimisporites punctatus, depth 8000 ft, diameter 64 pm. 6,7-
Trilobosporites trioorticulosus, depth 6780, 6830 ft, diameter, 80, 70 um. 8- Trilobosporites
laevigatus, depth 5310 ft, diameter 75 um. 9- Cicatricosisporites sp. A, depth 5310 ft, diameter 60
pum, 10- Appendicisporites sp. A, depth 6640 ft, diameter 86 pm 11- Appendicisporites tricornitatus,
depth 6780 ft, diameter 98 um 12- Appendicisporites potomacensis, depth 6640 ft, diameter 110 um.
13- Cicatricosisporites sinuosus, depth 6710 ft, diameter 42 um. 14- Murospora florida, depth 6780
ft, diameter 120 pm. 15- Inaperturopollenites undulatus, depth 5310 ft, diameter 55 pm. 16-
Callialasporites dampieri, depth 4400 ft, diameter 42 pm. 17- Callialasporites trilobatus, depth 6430
ft, diameter 44 pm. 18- Classopollis classoides (tetrad), depth 3560 ft, diameter 32 pm. 19-
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Arucariacites australis, depth 3480 ft, diameter 75 um. 20- Tricolpites sp. A, depth 6150 ft, diameter
32 um. 21- Cretacaeiporites densimurus, depth 4330 ft, diameter 52 pm., 22- Afropollis jardinus,
depth 5650 ft, diameter 45 pm., 23- Galeacornea clavis, depth 3770 ft, diameter 41 pum., 24-
Elaterosporites klaszii, depth 4750 ft, diameter 43 um. 25, 26- Sofrepites legouxae, depth 3840, 4120
ft, diameter 41, 42 pm. 27- Elaterate pollen, depth 4050 ft, diameter 40 pm.

12 13 - 14

Plate 2: 1- Oligosphaeridium complex, depth 4260 ft, diameter 53 pm. 2- Oligosphaeridium totum, depth 5450
ft, diameter 47 um. 3-  Cribroperidinium edwardsii, depth 6430 ft, diameter 6e3 pum. 4-
Cribroperidinium globatum, depth 4190 ft, diameter 62 um. 5- Odontochitina operculata, depth 4260
ft, diameter 63 pm. 6- Subtilisphaera senegalensis, depth 5030 ft, diameter 30 um. 7- Pseudoceratium
securigerum, depth 6430 ft, diameter 34 pm. 8- Dinogymnium acuminatum, depth 5170 ft, diameter 51
pm. 9- Micrhystridium sp. A (acritarch), depth 6780 ft, diameter 32 pm. 10- foraminifera test lining,
depth 6150 ft, diameter 43 um. 11- Chomotriletes minor, depth 4330 ft, diameter 40 um. 12- Structured
wood (rays with vertical and horizontal elements), depth 3980 ft, diameter 79 um. 13- Leaf cuticle with
preserved epidermal cells, depth 6150 ft, diameter 124 um. 14- AOM with a cuticle inclusion, depth
6710 ft, diameter 40 um.



