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Studies on the pleocene sediments of the El-Qara-2 Borehole

ABSTRACT

Eight conventional core samples from the El Qara-2 well, situated in north central Nile Delta area, Egypt, have been palynologicaly
investigated for determining the thermal maturity of the Pliocene Abu Madi and Kafr E Sheihk formations, based on the change in

colour of pteridophytic spores.

A monotonous assemblage of miospores including Baculatisporites scabridus, Ricciaesporites sp., Foveoisporites sp.,
Laevigatosporites major, Polypodiaceoisporites retirugatus, Leiotriletes cf. paramaximus, Polypodiidites usmensis, and Rugulatisporites

cf. trophus which suggests a 7Pliocene age.

Three organic facies could be recognized: a) Immature organic facies penetrate strata down to 2000 m and are characterized
by the presence of pale yellow spores, b) Mature organic facies range in depth from 2000-3155 m within the Kafr El Sheihk Formation.
These facies contain light brown spores, which could be considered as good source rocks for wet gas generation. c) Metamorphosed
organic facies lie between 3155-3500 m within the Abu Madi Formation with spores altered to dark or opaque brown colour. This

signifies a high-carbon content which produce mainly dry gas.

INTRODUCTION

All the hydrocarbon-bearing reservoirs so far found in the
Nile Delta basin consist of sandstone bodies belonging mainly to
the Pliocene and Miocene [1]. Studies concerning source rock
potential in the Nile Delta are likewise limited. Deibis [2] sug-
gested that the Pliocene Kafr El Sheikh Formation is the source
of the gas in both the Abu Madi and Abu Qir gas fields. Matura-
tion and source rock evaluation in northwestern and central parts
of the Nile Delta area were studied by Abdel Fattah [3], Abu El-
Ella [4] and Abdel Fattah et al. [5].

Few and limited palynological studies have been carried out
on the Neogene sequence of the Nile Delta area. The first attempt
has been done by Poumot & Bouroullec [6] on the Miocene-
Pliocene sediments of nine offshore wells, north ot the Nile Delta,
followed by the work of Saad et al. {7} on the Plio- Pleistocene
sediments of the Abu Qir-2X well, and recently El Beialy {8, 9,
10 & 11] investigated dinocysts, miospores and other
palynomorphs from different sites in the same area.
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Figure 1: Sketch map showing the location of the El Qara-2
borehole.
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The present study is based on the investigation of eight core
samples collected from the Pliocene rock sequence penetrated
by the El Qara-2 well, northern central Nile Delta (Figure 1). The
location of the studied samples is shown in Figure 2.
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Figure 2: Lithostratigraphic columnar section of the El Qara-
2 borehole. Ages and formations names are given by IEOC and
Abdel Fattah et al. (1991). The location of samples is indicated
by arrows.
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STRATIGRAPHIC SETTING

Information on the stratigraphy of the Nile Delta area have
been gathered by many workers such as Said {12}, Rizzini et al.
[13] and Harms & Wray [14]. The Neogene-Quaternary stratig-
raphy is relatively uniform over the whole Delta as detected from
deep wells, and is formed by three sedimentary cycles. The most
ancient one, comprises at least the Middle and Upper Miocene. It
begins with a clayey sedimentation of a fairly deep sea or outer
shelf (Sidi Salim Formation) and ends in the Messinian with the
deposition of a fluvial-deltaic series (Qawasim Formation) and
evaporites (anhydrites of the Rosetta Formation).

The second is the Pliocene-Quaternary cycle, which begins
with the Lower Pliocene sandy Abu Madi Formation, followed
upward by the clayey Kafr El Sheikh Formation, which shows
open sea character [13]. This cycle ends with the deposition of
the coastal and fluvial-deltaic sediments of the El Wastani and
Mit Ghamr formations.

The final Holocene cycle is represented by a few metres of
coastal and lagoonal sediments.

The Abu Madi Formation within the El Qara-2 well, com-
prises cores 7 and 8. These are composed of thick layers of sand,
interbedded with thin shale strata, is believed to be of Lower
Pliocene age as assummed by Rizzini et al. [13] based on the
presence of Sphaeroidinellopsis sp. in the Qawasim-1 well. The
Abu Madi Formation is the gas-producing horizon of the Nile
Delta gas fields [1] and [2].

The Kafr El Sheikh Formation penetrated within the El Qara-
2 well, is represented by six cores. No fauna were investigated in
these samples due to insuffecient weight of samples. Therefore,
the age of the Kafr El Sheikh Formation is believed to be of Lower
to Middle Pliocene age based on the presence of Globorotalia
margaritae, G. puncticulata, G. aemiliana & G. crassaformis as
recorded from the Qawasim-1 well [13].

PALYNOLOGICAL ANALYSIS

The studied core samples were investigated for the
pteridophytic spores and the associated sedimentary organic mat-
ter. The hydrochluoric and hydrofloric acids were used respec-
tively to eliminate the calcareous and siliceous components of
the rock samples. No heat effect nor treatment with any oxidiz-
ing agent during laboratory treatment were applied. The residues
were concentrated for their palynomorph using zinc bromide so-
lution for separation (sp. gr. 2.0). These palynomorphs and the
kerogen are dispersed in cellosize and mounted in Canada Bal-
sam.

Microscopic analysis indicates the presence of well preserved
palynomorphs including spores, pollen and few badly preserved
dinocysts. The pteridophytic spores are the only palynomorphs
selected in this study (plate 1) for reconnaissance of the geother-
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mal history of the Nile Delta sediments, although Bujak et al.
[15] have pointed out the various categories of organic matter in
sedimentary rocks do not all follow the same geothermal matu-
ration course.

Important pteridophytic spores recorded in this study are:
Baculatisporites scabridus Playford, Camarozonosporites sp.
sensu Truswell et al. 1985, Foveoisporites sp. sensu Playford
1982, Laevigatosporites major Venkatachala & Bharadwaj,
Polypodiaceoisporites retirugatus Muller, Leiotriletes cf.
paramaximus Krutzsch, Polypodiidites usmensis (Van Der
Hammen) Hekel, and Rugulatisporites cf. trophus Partridge.

The above-mentioned spores were recorded from the Miocene
deposits elsewhere and may extend upward to the Pliocene, es-
pecially the long ranging species B. scabridus, which is recorded
in co-eval assemblages from South Australia [ 16] and Papua New
Guinea [17}. Polypodiaceoisporites retirugatus is a Late Neo-
gene spore from offshore SW Africa [18] and Pleistocene sedi-
ments worldwide. Therefore, a Pliocene age is most probable for
this interval. El Beialy [10] and [11] gave a similar approach to
the age of Abu Madi and Kafr El Sheikh formations from the Mit
Ghamr-1 and Damanhour South-1 wells respectively, on the ba-
sis of dinocysts.

On the other hand, the total sedimentary organic matter en-
countered herein is represented by miospores, pollen, cuticles,
vitrinite particles together with rare dinocysts. Such record are
indicative of deltaic deposits as revealed from the models of
Pocock et al. [19] and Tyson [20] and [21]. The Amorphous Or-
ganic Matter (AOM) are very small, thin rectangular or platy in-
dividual grains, usually light brown in transmitted light. A com-
parison with kerogen type D of Thompson & Dembeiki [22] may
indicate the existence of possible hydrocarbons. The very low
percentage of AOM and abundance of terrestrial exinitic and
vitrinitic particles recorded herein could be correlated with kero-
gen type 3 of Tissot & Welte [23] which shows only gas, and
Kerogen type III (gas prone) of Tyson [20] and [21].

ASSESSMENT OF THERMAL MATURATION

Staplin's hypothesis for the colour changes of palynomorphs
[24] is considered herein to assess thermal maturity of the sedi-
mentary organic matter. This hypothesis is based on the observed
change in spore/pollen wall (exines) along the carbonization-coali-
fication route. This can be observed by studying the colour in
transmitted light. Fresh exines of modern plants are pale yellow-
ish to almost colourless [25]. If exines are heated, e.g., by deep
burial or proximity of the enclosing sedimets to a lava flow, the
colour intensifies from yellow to orange to brown, dark brwon,
and ultimately black [26, page 431].

The temperature alterations were tabulated by Staplin {27]
with revision and correction by himself [28] into Thermal Alter-
ation Indices (TAI) for colour of exinite, measured into five grades.
These grades have a worldwide usage [29], [30], [31] and [32].
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All magnifications x1000.
1,2,4,7. Baculatisporites scabridus Playford, 1982.
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1. Pale yellow.

2. Amber yellow.

4. Deep brown.

7. Very dark brown.

Leiotriletes cf. paramaximus Krutzsch, 1959. Light brown.
Polypodiidites usmensis (Van Der Hammen) Hekel, 1972. Dark brown
Ricciaesporites sp. Dark brown.

Taxodiaceaepollenites sp. Dark brown.

Foveoisporites sp. sensu Playford,1982. Dark brown.

Cf. Laevigatosprites major Venkatachala & Bharadwaj, 1964.
Polypodiaceoisporites retirugatus Muller,1968.

Rugulatisporites cf. trophus Partridge in Stover & Partridge, 1973.
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The course of thermal maturity is acheived herein by select-
ing the ornamented spores B. scabridus (and related forms). It is
clear that the colour is directly related to the numerical thermal
alteration index (TAI) [28]. TAI is therefore, a scale based on
both colour of spores/ pollen, which is herein applied, and also
on vitrinite reflectance (R)) [33]. There is no correlation with the
latter.

Results of microscopical analysis for thermal alteration indi-
ces, using spore colouration, from the studied section are pre-
sented in Table (1) and the colour changes are shown in plate 1.
According to these data, the suggested geothermal gradient (GG)
[28] and the probable hydrocarbon facies have been detected and
affixed in the same table.

Table 1
Assessment of Thermal Alteration Index (TAI) based on the colour
of spores, geothermal gradient (GG) and thermal maturation level
in the El Qara-2 borehole. TAI and GG values are based on
Staplin's hypothesis (1969, 1977, 1982).

Age | Forma- | Core | Depth Spore Figurein | TAI | Temperature Thermal
o
tion No. {m) Colour Plate (1) ¢ Maturation
Kafr 1 1380 Pale yeliow 1 15 40-45
3
]
= 2 1690 .| Amber yellow 2 1.8 Immature
El k] 2025 Light brown 3 25 65
®
c
2 | Sheikh 4 2320 Deep brown 4 PX:]
o
o 5 2550 Dark brown 5 3.0 ~100 Mature
6 2863 Dark brown 6 3.0
] Abu 7 3155 V. dark brown 7 3.5 ~175
8 Metamorphosed
Madi 8 3403 | Opaque brown 89 3.8 ~ 200

An expected increase in maturation is recorded as older sedi-
ments are encountered as reported from the Abu Madi Formation
of the El Qara-2 borehole. Accordingly, three categories of or-
ganic matter could be identified from top to bottom as follows:

1) Immature organic facies: These contain pale yellow
pteridophytic spores which penetrate strata to depth 2000 m. Their
presence indicates that the organic matter is immature, having no
source potential for hydrocarbon.

2) Mature organic facies: Contain light brown spores, com-
prise deposits of the Kafr El Sheikh Formation from depth of
about 2000 m down to depth of 3155 m. The organic matter is
mature and may have source potential for wet gas (kerogen type
3 of Tissote & Welte [23]).

3) Metamorphosed organic facies: Spores are distinguished
by their dark brown to opaque brown colour, encountered from
the Abu Madi Formation between 3155 m down to depth of about
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3500 m. As a result of heating, these deposits might be lost their
ability to produce oil and might produce dry gas. Heating of the
sediments of the Abu Madi Formation is suggested to be mainly
the result of tectonic burial.

ACKNOWLEDGEMENT

The author thanks Prof. Dr. Th. Abdel Fattah, University of
Qatar, the management of the International Egyptian Oil Com-
pany (IEOC) for providing the material and well log necessary
for this study, and anonymous reviewer for constructive criti-
cism.

REFERENCES
[1]  ElAyouty, M.K., 1990. Petroleum Geology. In: Said, R.
(ed.), The Geology of Egypt. Balkema, Rotterdam,
Brookfield: 567-600.
[2]  Deibis, S., 1982. Abu Qir bay, a potential gas province
area offshore Mediterranean, Egypt. 6th Petrol. Explor.
Seminar, EGPC, Cairo, 1-16 pp.
[3] Abdel Fattah, Th., 1989. Temperature effect on hydro-
carbon generation in the northwestern part of the Nile Delta
and its facing offshore area. Proc. 1st Conf. Geochemis-
try, Fac. Sci., Alexandria University, 3: 466-475.
[4]  Abu El-Ella, R., 1990. Maturation history of Neogene-
Quaternary sediments, Nile Delta Basin, Egypt. AAPG
Bull., 74(1): 77-84.
[51  Abdel Fattah, Th., R. Abu El-Ella, and G. Thamer, 1991.
Thermal alteration studies on hydrocarbon generation at
El-Qara-2 well, northern cental Nile Delta, Egypt. E.G.S.
Proc. 9th Ann. Meet.: 119-126.
[61 Poumot, C. and J. Bouroullec, 1984.
Palynoplanktological contribution to the Miocene-
Pliocene environmental and paleoecological conditions of
the Nile Delta area. EGPC 7th Explor. Seminar: 325-334.
[N Saad, S.I., Z.M. Zaghloul, and S.Y. El Beialy, 1987. Late
Tertiary-Quaternary palynomorphs from the northern coast
of the Nile Delta, Egypt. N. Jb. Paldont. Mh., 5: 314-320.
[8] El Beialy, S.Y., 1988a. Palynostratigraphy of Late Ter-
tiary sediments in Kafr El-Dawar Well No. 1, Nile Delta,
Egypt. Rev. Micropaléontol., 30(4): 249-260.
[91  El Beialy, S.Y., 1988b. Neogene palynostratigraphy of
the El-Qawasim No.1 well, Nile Delta, Egypt. N.Jb.Geol.
Palédont. Mh., 8:453-463.
[10] El Beialy, S.Y., 1990. Tertiary dinoflagellate cysts from
the Mit Ghamr-1 well, Nile Delta, Egypt. Rev. Palacobot.
Palynol., 63: 259-267.




[11]

[12]

[13]

(14]

[15]

[16]

17]

(18]

[19]

[20]

[21]

Studies on the pleocene sediments of the El-Qara-2 Borehole

El Beialy, S.Y., 1992. Miocene and Pliocene dinoflagel-
late cysts and other palynomorphs from the Damanhour
South-1 well, western Nile Delta, Egypt. N. Jb. Geol.
Paldont. Mh., 10: 577-594.

Said, R., 1962. The geology of Egypt. New York, Elsevier:
377 pp.

Rizzini, A., F. Vezzani, V. Cococcetta, and G. Milad,
1978. Stratigraphy and sedimentation of Neogene-Qua-
ternary section in the Nile Delta area (A.R.E.). Mar. Geol.,
27: 327-348.

Harms, J.C. and J.L. Wray, 1990. Nile Delta. In: Said,
R. (ed.), The geology of Egypt, Balkema, Rotterdam,
Brookfield: 329-343.

Bujak, J.P., ML.S. Brass, and G.L. Williams, 1977. Off-
shore East Canadafs organic type and colour and hydro-
carbon potential. Part I and Part II. Oil & Gas Jour., 75
(14): 198-202; (15): 96-100.

Truswell, E.M., LR. Sluiter, and W.K. Harris, 1985. Pa-
lynology of the Oligocene-Miocene sequence in the
Qakvale-1 borehole, western Murray Basin, Southern
Australia. BMR Jour. Aust. Geol. & Geophys., 9: 267-
295.

Playford, G., 1982. Neogene palynomorphs from the
Huon Peninsula, Papua New Guinea. Palynol., 6: 29-54.

Partridge, A.D., 1978. Palynology of the Late Tertiary
sequence at site 365, leg 40, Deep Sea Drilling Project.
Initial Reports of the DSDP, 40: 953-961.

Pocock, S.A.)., G. Vasanthy, and B.S. Venkatachala,
1988. Introduction to the study of particulate organic ma-
terials and ecological perespectives. Palynol., 23-24(1987-
1988): 167-188.

Tyson, R.V., 1993. Palynofacies analysis. In: D.G. Jenkins
(ed.), Applied Micropaleontology, Kluwer Acad. Publ.,
Netherlands: 153-191.

Tyson, R.V., 1995, Sedimentary organic matter- Organic
facies and palynofacies. Chapman & Hall, London, 615

PP-

Received 13 October, 1996

172

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Thompson, C.L. and H. Dembicki, 1986. Optical char-
acteristics of amorphous kerogens and the hydrocarbon-
generation potential of source rocks. Intern. Jour. Coal Ge-
ology, 6: 229-249.

Tissot, B.P. and D.H. Welte, 1984. Petroleum formation
and occurrences. Springer Verlag, Berlin: 699 p.

Staplin, F.L., 1969. Sedimentary organic matter, organic
metamorphism and oil and gas occurrences. Bull. Canad.
Petrol. Geol., 17(1): 47-66.

Sengupta, S., 1975. Experimental alteration of spores of
Lycopodium clavatum as related to diagenesis. Rev.
Palacobot. Palynol., 19: 173-192.

Traverse, A., 1988. Paleopalynology. Boston, Unwin
Hyman London, Sydney, Wellington: 601 pp.

Staplin, F.L., 1977. Interpretation of thermal history from
color of particulate organic matter- A review. Palynol,, 1:
9-18.

Staplin, F.L., 1982. Determination of thermal alteration
index from colour of exinites (Pollen, Spores). In: F.L.
Staplin (ed.), How to assess Maturation and
Paleotemperature. Soc. Econom. Paleontol. Miner., short
course No. 7: 7-11.

Raymound, J.F. and P. Robert, 1976. Les methods
de'etude optique de la matiere organique. Bull. Centre
Rich. Pau-SNP, 10: 109-127.

Gaupp, R. and D.J. Batten, 1985. Maturation of organic
matter in Cretaceous strata of the Northern Calcareous
Alps. N. Jb. Geol. Paldont Mh., 3: 157-175.

Pearson, D.L., 1990. Pollen/spore color "standard".
Phillips Petroleum Company, Geology branch,
Bartlesville, OK, Version 2.

Firth, J.V., 1993. Palynofacies and thermal maturation
analysis of sediments from the Nankai Trough. In: Hili,
LA., Taira, A. Firth; J.V,, et al. (eds.), Proc. Ocean Drill-
ing Program, Scientific Results, 131: 57-69.

Batten, D. J., 1980. Use of transmitted light microscopy
of sedimentary organic matter for evaluation of hydrocar-
bon source potential. Proc. 4th Internat. Palynol. Conf.,
Lucknow (1976-77), 2: 589-594.






