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Palynofacies And Kerogen Analysis Of Upper
Cretaceous (Early Campanian To Maatrichtian)
Enugu Shale And Mamu Formation In Anambra

Basin, South-Eastern, Nigeria

Chiaghanam, O.l., Chiadikobi, K.C., Ikegwuonu, O.N., Omoboriowo, A.O., Onyemesili, O.C., Acra E.J.

ABSTRACT: The palynofacies and kerogen analysis of the Upper Cretaceous units (Campanian-Maastrichtian) of the Anambra Basin, Southeastern
Nigeria was carried out in the studied area. Two major palynofacies types were identified based on the abundance of particulate organic matter. The
palynofacies “A” is characterized by abundant phytoclasts, frequent opages common amorphous organic matter and carbon to rare palynomorphs, while
palynofacies “B” is characterized by abundant opaque debris, frequent phytoclast common terrestrial palynomorphs and rare amorphous organic matter.
The pollen colour ranged from pale yellow in palynofacies “B” to yellowish / yellowish brown in palynofacies “A”, these corresponds to TAIl of 1+ to 2-/2
and vitrinite reflection (Ro %) of 0.2 to 0.3/0.5 for both palynofacies. The studied sediments are made up of particulate organic matter that is immature

but has the potential to generate gas.
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1. INTRODUCTION

The Anambra basin (figl) which is a Cretaceous Basin is
located in the Southern part of the regionally extensive
northeast- southwest trending Benue Trough. It is a
synclinal structure consisting of more than 5,000 thick of
Upper Cretaceous to Recent sediments, representing the
third phase of marine sedimentation in the Benue Trough
[3],[10],[13]. The Basin evolved consequently to the late
Jurassic to Cretaceous Basement fragmentation, block
faulting, subsidence, rifting and drifting apart of the South
American and African plates and therefore representing
part of the West African rift systems [7],[8],[13].
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Stratigraphic history of Anambra basin shows that the basin
comprises of the Campanian to Maastrichtian
Enugu/Npkoro/Owelli Formation. This is succeded by the
Maastrichtian Mamu and Ajali Formations. The sequence is
capped by the tertiary Nsukka Formation and Imo Shale
(table 1). [1],[13],[15],[16]. The petroleum geology,
biostratigraphy and peleoenvironmental description of
Anambra basin have been carried out by many Authors. [2]
shows that the Awgu and Npkoro Shales constitute the
main source and seal rocks in the Anambra Basin. [6]
described the Nkporo Shale as an example of a marine
source rock composed of type Il/lll kerogens with low but
consistent contribution from marine organic matter. [20]
reported that the organic facies of the Npkoro Shale are
provincial with the Calabar Flank having the highest oil
potential while those in the Anambra basin and Afikpo
syncline are gas prone. [4],[5] use the application of
Sequence stratigraphy, palynological analysis and
Lithofacies to describe the hydrocarbon potential of
Campanian- Maastrichtian in the Anambra Basin. [12] also
describe the hydrocarbon potential of the Nkporo Group
(Campanian- Maastrichtian) in Anambra Basin.

This paper attempts to:
1) Describe the surface lithologic sections of Mamu
and Enugu Formations.
2) Determine the quality of Shales in relation to it
Kerogen quality/maturity.
3) Model for basin wide prediction of source rock.
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Fig. 1. Geologic Map of Anambra Basin and Afikpo Basin South-Eastern Nigeria showing the study area: 1. Asu River Group; 2.
Odukpani Formation; 3. Ezeaku Shale; 4. Awgu Shale; 5. Enugu/Nkporo Shale; 6. Mamu Formation; 7. Ajali Sandstone; 8.
Nsukka Formation; 9. Imo Shale; 10. Ameki Formation; 11. Ogwashi Asaba Formation.

Table 1: Lithostratigraphic framework for the Early Cretaceous- Tertiary period in southeastern Nigeria [11].

AGE (M. Y) ABAKALIKI — ANAMBRA BASIN AFIKPO BASIN
30 Oligocene Ogwashi — Asaba Formation Ogwashi — Asaba Formation
54.9 Eocene Ameki/Nanka Formation /Nsugbe Sst. Ameki Formation
Imo Formation Imo Formation
65 Paleocene Nsukka Formation Nsukka Formation
Ajali Formation
o ) Mamu Formation
73 Maastrichtian Ajali Formation Nkporo shale/Afikpo Sandstone
Mamu Formation
Nkporo/Owelli Sandstone /Enugu Shale
Campanian (Incuding Lokoja Sandstone and Lafia
Sandstone)
83 Santonian — T - T~
Non deposition/Erosion
875 Conacian Agbani Sandstone/ Awgu Shale
Ezeaku Group
) (including Amasiri Sandstone)
88.5 Turonian
Eze Aku Group
93 Cenomanian
_ \/_\_/\’/-\—/_\/
100 Albian Asu River Group Asu River Group
Aptian
119 Ba”e"?"'?‘” Un-named units
Hauterivian
Precambrian Basement Complex
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2. METHODOLOGY

20 kerogen slides were prepared from samples belonging
to the Early Campanian to Maastrichtian beds of Enugu
Shale (Ozalla) (6 slides) and Agbogugu, Nkporo Formation
(13 slides), and (1 slide) from Udi, Mamu Formation. Each
slide was examined using the transmitted light microscopy
at x10, 20, and x40 magnifications in order to carry out a
qualitative as well as quantitative analysis of the particulate
organic matter (POM), determination of the palynofacies
and kerogen types, examine exine spores /pollen
colouration and assessment of Thermal Alteration Index
(TAI), vitrinite reflectance (Ro %) and organic thermal
maturation. Each slide was counted for its (POM) content,
in which the first 200 particles were counted. The
percentage frequency is shown as: abundant (>35 %),
frequent (16-35 %), common (5-15 %) and rare (<5 %) [9],
[21].

3. RESULTS

Table 2 show the semi-quantitative distribution of the
various (POM) recorded from the studied sections of the
Enugu shale and Mamu Formations. Representatives of the
studied (POM) are photographed and illustrated in figure 2.

Palynofacies and kerogen types:

The studied sections from the Enugu Shale and Mamu
Formations at Ozalla (OZ/L5/01 to OZ/L5/06), Agbogugu
(AG/L6/01 to AG/L7/05), and Udi (UD/L4/03) respectively,
can be classified into two major palynofacies types on the
basis of the abundance (POM) groups .They include from
oldest to youngest as follow:

| - Palynofacies A (phytoclast and opaque facies)

This facies is the oldest one ranging from sample no.
OZ/L5/04 at the base of the section in Ozalla to AG/L7/04 in
Agbogugu town, and belongs to the Enugu Shale (Fig. 2). It
is characterized by abundant phytoclasts, frequent
opaques, common amorphous organic matter (AOM) and
common to rare palynomorphs (Table 2). The phytoclasts
consist mostly of moderately to well preserve structured
terrestrial plant fragments with yellowish brown colour (e.g.,
tracheids, xylem tissues and cuticles). Tracheids are the
most common structured phytoclast constituents usually in
the form of elongate lath-shaped particles [18],[21].

Kerogen type 111: Based on the presence of high
abundant of yellow to yellowish brown phytoclasts and
frequent opaques, a gas-prone material is suggested for
this facies.

Il - Palynofacies B (Opaques and phytoclasts)

This facies is associated with samples AG/L7/05 and
UD/L4/03, Agbogugu coal and Udi shale respectively,
belonging to the Mamu Formation (Fig.2). It is characterized
by abundant opaque debris, frequent phytoclasts, common
terrestrial palynomorphs and rare amorphous organic
matter (AOM). The opaques are mainly dark brown to black
in colour, consisting of well preserved equant to lath-
shaped fragments of varying size and form. [18] noted that
such equant particles may break up into lath-shaped ones
by splitting along the grain. The phytoclasts are generally
pale yellow coloured. The AOM are rare to absence.
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Kerogen type: 111, gas — prone material also is
suggested for this facies on the basis of large amount of
dark brown to black opaque debris and frequent pale yellow
phytoclasts.
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Fig. 2: Percentages of (POM) groups within the defined
palynofacies of the Nkporo and Mamu Formations.

Table 2: Semi-quantitative distribution of the various (POM)
recorded from the Enugu Shale and Mamu Formation in
terms of abundant (A), frequent (F), common (C) and rare

Sample Phyto Opaq | Palyno
no. clasts AOM ues morphs
ubD/L4/03 | F R A C
AG/L7/05 | F R A C
AG/L7/04 | A F F C
AG/L7/03 | A C F C
AG/L7/02 | A C F C
AG/L7/01 | A C F C
AG/L6/08 | A C F R
AG/L6/07 | A C F C
AG/L6/06 | A C F R
AG/L6/05 | A C F C
AG/L6/04 | A C F C
AG/L6/03 | A C F C
AG/L6/02 | A C F C
AG/L6/01 | A C F C
OZ/L5/06 | F C F C
OZ/L5/05 | A F F R
0Oz/L5/04 | A C F C
0Z/L5/03 | A C F R
0Z/L5/02 | A C F R
0OzZ/L5/01 | A C F R
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4. INTERPRETATION AND DISSCUSION

The different kerogen components and its distribution
throughout the studied sequence starting from the oldest to
youngest show a clear change in organic facies from
normal terrestrially influenced organic facies down the
sequence to a high terrestrially dominant facies towards the
top (Fig. 3). However, the studied section was subdivided
and grouped into two palynofacies units based on this
change in organic facies constituents mentioned above.
Palynofacies A constitutes the lower to middle parts of the
section (from sample no. OZ/L5/01 at the base to
AG/L7/04) and is mainly composed of both structured and
unstructured phytoclasts, frequent opaques and common
(AOM).Marine and terrestrially derived palynomorphs were
also observed and recorded for this facies. Palynofacies B
characterizes the upper part of the sequence (from sample
no. AG/L7/05 to AG/L4/03) and predominantly consists of
opaque debris reaching up to 70 % in coal and with few
amounts of pale yellow phytoclasts. Terrestrial
palynomorphs were also encountered but no marine
palynomorph was observed. Based on the kerogen quanlity
and quantity mentioned above, one source rock zone was
identified from phytoclast and opaque dominant to mostly
opaque dominant facies. Following the kerogen
classification scheme of [18], a type 3 kerogen (gas-prone
material) was interpreted for both palynofacies A and B
(Fig. 3). The exine colours of the encountered
angiospermic pollen grains belonging to the tricolporate
group of origin were critically examined to determine the
organic thermal maturity of the identified palynozones as
well as their associated sediments. [14] spore/pollen colour
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standard calibration together with other thermal maturity
parameters as documented by [17] was employed to
theoretically estimate the vitrinite reflectance (Ro%) and
thermal alteration index (TAIl) values (Fig. 3). The pollen
colour observed generally ranged from pale yellow in
palynofacies B to yellow / yellowish brown in palynofacies
A. These, therefore, correspond to TAI of 1+ to 2- / 2 and
vitrinite reflectance (Ro %) of 0.2 to 0.3 / 0.5 for both
palynofacies B and A respectively. Finally, the studied
sediments, therefore, contain particulate organic matter
(POM) that is still immature to generate hydrocarbon but
have the potential capacity to generate gas.

5. CONCLUSION

The investigated section has shown that the sediments
(shale) of the Upper Cretatceous, Campanian-
Maastrichtian, Enugu Shale and Mamu Formation in the
Anambra Basin, SE, Nigeria has polen colours that ranged
from yellow to yellowish brown which also coresponds to
the thermal alteration index of 1 + to 2 -12, with vitrite
refletance of (Ro %) of 0.2 to 0.3/0.5 for the palynofacies B
and A. The kerogen quality as identified from the phytoclast
and /opaque dominant to mostly opaque dominant facies
indicate that the study studied area is of type Ill, meaning
that they are gas prone. Based on the particulate organic
matter, the thermal maturation of the studied sediments is
still immature to generate hydrocarbon but has the potential
of generating gas. The works shows that studied section of
the Anambra basin should be considered to be gas prone
zone which correspounds to the type Il kerogen.
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Figure 3: Composite chart of the studied sequence showing sample positions, lithologic types, palynofacies associations and
kerogen types, and organic thermal maturity.
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