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ABSTRACT

In this work, phytoclasts, opaques, Amorphous Organic Matter (AOM) and palynomorphs of the
Nkporo group underwent Visual Kerogen analysis. Herein, the average percent counts of phytoclasts
are about 42.08%, opaques are about 34.54%, Amorphous Organic Matter (AOM) is about 16.34%, and
Palynomorphs are about 7.08%. The highest number of percent counts produced was found in the
phytoclasts (the value of 42.08% indicating Type Il kerogen and Gas Prone) and Amorphous Organic
Matter (AOM) (the value of which - 34.54% - indicates Qil/Gas Prone). Thus, from the results of the
visual kerogen, in the Nkporo Group, the source rock is of Type Il kerogen, which is gas prone,
and also Type I1/111, which is Oil/Gas prone.
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1. INTRODUCTION

The stratigraphic history of Anambra basin shows that the Nkporo Group is composed of
the Campanian to Maastrichtian Enugu/Nkporo/Owelli Formations (Fig. 1). This is succeded
by the Maastrichtian Mamu and Ajali Formations. The sequence is capped by the tertiary
Nsukka Formation and Imo Shale (Fig. 2). The petroleum geology, biostratigraphy and
peleoenvironmental description of Anambra basin have been carried out by many authors
(Agagu et al. 1985; Ojo et al. 2009; Petters, 1978; Reijers, 1996; Chiaghanam, et al. 2013a;
Chiaghanam, et al. 2013b).
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Fig. 1. Geologic Map showing the Study Area
-143-



World News of Natural Sciences 19 (2018) 142-154

Stratigraphy
(,e':;‘;:] Period|Epoch | Age Basin S p—— Lithology Tectonics
roup
Member
LW (piestocens ' - ' o &
10| & Lt
w Pliocene . .
o BENIN e
w 2 FORMATION|- +» = = ¢
Lsn 2z g E 5 o
E LIJ * ' L3 ®
- ]
= Late o [ E——
§ ] OGWUASHI-
— 30 9 Early = ASABA e B
L 2 A A A A AN AR
E Late AMEKI FM
— 40| O - AMEKI o a5 oa |
o PE z GROUP | NANKASS '
Z . Localied tectonism
-l 8 = NSUGBE 58 ,
< ] UZ" o . :
Early = EBENEBESY — —  ——
IMO SHALE |UMUNA 58
o IGBAKU SS E:: Majortrarsgrssion
§ Late Paleocene Unconformity
i Early z COAL NSUKKAFM|. - = e
E ‘2 MEASURES AJALI SS f 5 9 *
MAMU FM | |
Maastrichtlan : —
— 70 o ENUGU SH
= 5
NKPORO g D
< OWELLI 85 o
Campanian E GROUFP e
— 80 o NKPORO SH
E Campanian Uncomformity
| & [ (77777277727 770771770 s,
8 =) Coniacian AWGU SHALE| AGBANI 55T T
- = = EZE-AKU  [AMASERI SST——" o 7 - * |
S0/ Turonian B SHALE EZE-AKU SH :
E Cenomanian 5 ODUKPANI "% medmentay
o g FORMATION deformation, magmatic
1000 © §l activity
< ASU-RIVER . o ZincLead
- GROUP LT Mineralization
—110 oo 0.9 ¥ Albian Uncomformity
BASEMENT COMPLEX
—120]

———
e o — - -
. & . N

T —
L] L] —_— | |

Fig. 2. Stratigraphic Succession of the Southeastern Nigeria showing the Study Area
(Ekwenye and Nichols, 2016)
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Agagu and Ekweozor, 1982, shows that the Awgu and Nkporo Formations constitute the
main source and seal rocks in the Anambra Basin. Ekweozor and Gormy, 1983, described the
Nkporo Formation as an example of a marine source rock composed of type 1I/11l kerogens
with low but consistent contribution from marine organic matter. Unomah and Ekweozor, 1993,
reported that the organic facies of the Nkporo Formation are provincial with the Calabar Flank
having the highest oil potential while those in the Anambra Basin and Afikpo Syncline are gas
prone.

Chiaghanam et al. 2012; Chiaghanam et al. 2013a use the application of Sequence
stratigraphy, palynological analysis and Lithofacies to describe the hydrocarbon potential of
Campanian-Maastrichtian in the Anambra Basin. Odunze and Obi, 2013, also describe the
hydrocarbon potential of the Nkporo Group (Campanian-Maastrichtian) in Anambra Basin.
This paper attempts to determine the type of the organic matter and the thermal maturity of the
source rocks in the Nkporo Group.

2. METHODOLOGY

25 kerogen slides were prepared, one for each sample, for their hydrocarbon source rock
potential. Each slide was examined using the transmitted light microscopy at x10, x40, and x60
magnifications in order to make a qualitative as well as a quantitative analysis of the particulate
organic matter (POM), determination of the palynofacies and kerogen types, determination of
spore /pollen colouration, and estimate the Thermal Alteration Index (TAI), Vitrinite
Reflectance (Ro %) and organic thermal maturation (Fig. 3, Table 1).

Table 1. Batten’s scale for palynomorph colours (Modified from Traverse, 1994)

Observed colour of palynomorph Significance

1- Colourless, pale yellow, yellowish orange Chemical change negligible; organic matter

immature,
2- Yellow Some chemical _chf_mge, but organic matter
still immature.
Some chemical change, marginally mature
3- Light brownish yellow, yellowish orange but not likely to have potential as a
commercial source.
4- Light medium brown Mature, active volatilization, oil generation.

Mature, production of wet gas and

5- Dark brown condensate, transition to dry gas phase.

6- Very dark brown-black Overmature; source potential for dry gas.

7- Black (opaque) Traces of dry gas only.
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Fig. 3. Pearson’s colour chart compared with organic thermal maturity, TAI and vitrinite
reflectance (Modified from Traverse, 1994).

Each slide was counted for its (POM) content, in which the first 200 particles were
counted in terms of abundant (< 35%), frequent (16-35%), common (5-15%), and rare (> 5%)
(lbrahim et al., 1997; Chiaghanam et al., 2013b). In the present study, kerogen assemblages are
categorized into four main groups similar to those identified by Ibrahim, et al. (1997).

These include:

— Phytoclasts, refer to all structured yellow to brown colour dispersed clay- to fine sand
sized particles of plant derived kerogen other than palynomorphs

— Opaques, refer to all structured brownish black to black colour oxidized or carbonized
particles of plant derived kerogen
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— Amorphous Organic Matter (AOM) refers to all structureless dispersed clay- to fine
sand sized particles of plant derived kerogen

— Palynomorphs, refer to all structured HCI and HF resistant organic-walled
microfossils.

3. RESULTS AND DISCUSSION

The classification of dispersed kerogen constituents is based primarily on their
appearance, in an unoxidized state, using transmitted light with ancillary observation employing
reflected fluorescent and ultraviolet methods. However, sample processing schemes are not
standardized between studies. This makes comparison between studies difficult unless applied
to strata of the same age from the same basin. Classification and processing procedures are
under scrutiny for standardization, and quantitative measurements are being assessed using
optical scanners.

Twenty-five (25) samples were analyzed from the Nkporo Group (Nkporo Formation and
Enugu Shale) based on visual kerogen and the results are presented below (Table 2a and b).
Visual Kerogen analysis was classified on the basis of Phytoclasts, Opaques, Amorphous
Organic Matter (AOM) and Palynomorphs. The Nkporo Formtion samples has average percent
counts of phytoclast of 45%, that of Opaques is about 33.11%, Amorphous Organic Matter
(AOM) is about 14.08% and Palynomorphs is about 7.06% (Table 2a). This is confirmed by
the histogram and area plots showing the abundance of various classes of visual kerogen of
Nkporo Formation samples (Figs. 4a and 5a). The highest number of percent counts produced
is the phytoclast having the value of 45% which indicates Type 111 kerogen (Gas Prone).

Table 2a. Results of Visual Kerogen Analysis showing the percent counts of Phytoclast,
AOM, Opagues and Palynomorphs of Nkporo Formtion Samples

SAMPLE NO. PHYT((O)/SLAST A(%/l OP,?(%UES PALYNg/I(\)/I)ORPHS
NKP/01/001 35 15 40 10
NKP/03/002 60 10 25 5
NKP/04/001 55 15 225 75

NKP/LST/05/002 28 22 455 45
NKP/06/001 62.5 7 20 105
NKP/07/002 57 12 22 9
NKP/08/001 65 10 20 5
NKP/09/002 60 5 20 15
NKP/10/001 40 5 50 5
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NKP/12/001 45 30 20 5
NKP/13/001 40 30 25 5
NKP/14/002 50 10 35 5
NKP/15/001 40.5 8.5 45 6
NKP/16/002 25.5 25 45 4.5
NKP/16/004 35 20 40
NKP/16/008 40 15.5 35.5 9
NKP/17/001 35 8.5 50.5 6
NKP/17/003 30 5 55 10
Average 45 14.08 33.11 7.06

The Enugu Shale samples has average percent counts of phytoclast of 35.50%, that of
Opaques is about 35.35%, Amorphous Organic Matter (AOM) is about 22.14% and
Palynomorphs is about 7.14% (Table 3).

This is confirmed by the histogram and area plots showing the abundance of various
classes of visual kerogen in Enugu Shale sample (Figs. 4b and 5b). The percentage counts
between the pyhtoclast and Amorphous Organic Matter (AOM) are the same which indicate
Oil/Gas Prone.

The results of the visual kerogen done for Nkporo Formaton and Enugu Shale show that
the source rock is of Type Il kerogen which is gas prone and also Type 1I/111 which is Oil/Gas
prone respectively (Table 3).

Table 2b: Results of Visual Kerogen Analysis showing the percent counts of Phytoclast,
AOM, Opaques and Palynomorphs of Enugu Shale Samples

SAMPLE NO. PHYT((O)/SLAST Azgolg/l OP,?O(/?);JES PALYN?)/OI\/I)ORPHS
ENU/20/001 45 15 25 15
ENU/21/003 55 10 25.5 9.5
ENU/22/001 60 5 30 5
ENU/23/001 15 50 30 5
ENU/24/001 18.5 40 35 7.5
ENU/25/001 30 25 42 3
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Fig. 4a. Histogram showing the comparism of source rock samples and their percent counts
between the Phytoclast, AOM, Opaques and Palynomorphs of the Nkporo Formation samples
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Fig. 4b. Histogram showing the comparism of source rock samples and their percent counts
between the Phytoclast, AOM, Opaques and Palynomorphs of the Enugu Shale samples
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Fig. 5a. Area graph showing their percent counts between the Phytoclast, AOM, Opaques and
Palynomorphs of the source rock samples of the Nkporo Formation samples
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Fig. 5b. Area graph showing their percent counts between the Phytoclast, AOM, Opaques and
Palynomorphs of the source rock samples of the Enugu Shale samples
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Table 3. Summary of the Kerogen Optical Assessment and Interpretation of Nkporo
Formation and Enugu Shale samples

SAMPLE NO. PALYNOFACIES S/P THERMAL VITRINTE THERMAL KEROGEN SOURCE
ASSOCIATION COLOUR ALTERATION REFLECTANCE MATURATION TYPE ROCK
INDEX (Ro %) POTENTIAL
(TAI)
NKP/03/002 - = ~ - - =
NKP/04/001
NKP/06/001
NKP/07/001 Mostly
NKP/08/001 phytoclast
NKP/09/001 followed by
NKP/14/001 opaque
ENU/20/001 debris 2 ©
ENU/21/003 = = 5
ENU/22/001 > © L . a
o & s
NKP/01/001 & o S o > @
NKP/LST/05/002 + 5 O
NKP/10/001 Mosty L~ 2 L o L 2 . &
NKP/15/001 opaque " . < £
NKP/16/002 followed by @ A N =
NKP/16/004 phytoclast E e
NKP/17/001 debris o
NKP/17/003 3
ENU/27/001 _ _
NKP/12/001
NKP/13/001 Mostly = a
NKP/16/008 AOM = o e
ENU/23/001 followed by ) - c
o = 0
ENU/24/001 opaque > @]
ENU/25/001 debris _ _J _J _
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. Fossil

Fig. 6. Photomicrographs of the kerogen slides showing the various particulate organic matter
(POM) of Nkporo Formation and Enugu Shale

4. CONCLUSIONS

Visual Kerogen analyses (Fig. 6) were classified on the basis of Phytoclasts, Opaques,
Amorphous Organic Matter (AOM), and Palynomorphs. The average percent counts of
phytoclast is about 42.08%, that of Opaques is about 34.54%, Amorphous Organic Matter
(AOM) is about 16.34%, and Palynomorphs is about 7.08%. The highest number of percent
counts produced is the phytoclast having the value of 42.08% which indicates Type 111 kerogen
(Gas Prone) and Amorphous Organic Matter (AOM) having the value of 34.54%, which
indicate Oil/Gas Prone; i.e. the results of the visual kerogen, the Nkporo Formation shows that
the source rock is of Type Il kerogen which is gas prone, while that of Enugu Shale is of Type
I1/111 which is Qil/Gas prone.
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