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Palynofacies studies of the strata penetrated by HA-001 well were carried out with the
aim to establish palynostratigraphic zones and paleodepositional environments. The
standard acid palynological method of sample administration was employed to recover
the palynofacies, soaking and washing of samples with water for sedimentological
analyses and integration of Gamma Ray Log, palynofacies and sedimentological data for
interpretation of paleodepositional environments. The study established two new
assemblage biozones namely Cyperaceaepollis sp. — Nympheaepollis clarus, and
Stereisporites sp. within the sedimentary intervals penetrated in the wells. The
Cyperaceaepollis sp. — Nympheaepollis clarus biozones were further subdivided into
Nympheaepollis clarus — Echitriletes pliocenicus and Cyperaceaepollis sp. — Elaeis
guineensis subzones. The Late Miocene age is associated with the biozones. The
lithologic, textural and wireline log data indicated that the intervals studied in the HA-
001 well belong to the Benin Formation and Agbada Formation. Index minerals and
accessories are dominated by ferruginous materials, glauconite pellets, carbonaceous
detritus, shell fragments and pyrites plus minor mica flakes. Lower delta plain, delta front
and prodelta environment of deposition were inferred for the studied well intervals. The
research has conformed to international stratigraphic guide for establishment of biozones

which serves to increase the knowledge of high resolution biostratigraphy.

1. INTRODUCTION

The onshore Niger Delta Basin has become mature and its
exploration has shifted to offshore. The integration of various
geological methods such as palynological, palynofacies,
paleoenvironmental analyses are needed for the understanding
of the subsurface geology and development of its hydrocarbon
potentials. The abundance of forms of pollen and spores can
be used to determine biostratigraphic sequences and make
paleoenvironmental reconstructions.

Industry workers in the Niger Delta Basin have relied on
usage of alpha-numeric method for biozonation purposes
while some researchers have also used the same method to
establish their biozones [1-4]. Hence, standardised
biozonation scheme which is in line with the international
stratigraphic guideline for the establishment of biozones is
necessary.

Some researchers made use of only palynomorphs to
analyse paleoenvironment of deposition in the Niger Delta
Basin [5-11] explained the usage of palynofacies in analysing
paleoenvironment of deposition. Research works on
palynomorphs and palynofacies for paleoenvironmental
analysis are quite limited. Published works on the integration
of pollen and spores’ biostratigraphy and biozonation,
palynofacies and sedimentology of the Tertiary Niger Delta
Basin are scarce to few.

The study attempts a classification of biostratigraphic zones
using internationally accepted standard guidelines while
incorporating palynofacies and sedimentological data with
those of wireline in order to achieve a proper stratigraphic
sequence in HA-001 well in the Niger Delta Basin. Research
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works on biostratigraphy of the prolific Niger Delta Basin are
still ongoing. Palynostratigraphic zones should be established
in conformity with international stratigraphic guide. This will
enable generation of standard biozonation schemes in the
Niger Delta Basin.

This research work has contributed to knowledge by
successfully utilising the stratigraphic ranges of the recovered
pollen and spores marker species to date the strata penetrated
by the well and it has established palynostratigraphic biozones
that conform to international stratigraphic guide for
establishment of biozone. The work has also been able to
integrate palynofacies data, sedimentological and Gamma Ray
log data to delineate paleodepositional environment of the
stratigraphic successions penetrated by the well.

The subsequent part of this paper is as follows: Section two
discusses the Geology of Niger Delta Basin, section three
describes the materials and methods of the research which are
employed in achieving the aim of the work. Section four and
five highlights the results and conclusion of the work.

2. GEOLOGY OF NIGER DELTA BASIN

HA-001 well lies within latitude 4° 09' 10.9" N and
longitude 6° 14' 1.8" E within the shallow offshore depobelt,
Niger Delta, Nigeria. The location of the well is shown in
Figure 1. The Niger Delta covers a landmass over 105,000 km?
[12] and falls within longitudes 3° and 9° E and latitudes 4°
and 6° N [13]. The recognized sequence in the Niger Delta
Basin consists, in ascending order, of the Akata, Agbada, and
Benin Formations.


https://crossmark.crossref.org/dialog/?doi=10.18280/eesrj.090404&domain=pdf

The prodeltaic shales of Akata Formation are medium to
dark grey, fairly, or at some places soft, gumbolike, and sandy
or silty. The shales are less closely and firmly united or packed
together and may include lenses of unusually high-pressured
siltstone or fine-grained sandstone.

The Agbada Formation is made up of an irregular sequence
of sandstones and shales of delta-front, distributary channel,
and deltaic plain origin. The irregular string of sandstones and
shales of the Agbada Formation has been revealed by [14] to
be a cyclical sequence of marine and fluvial deposits.

The Benin Formation is mainly huge, very porous,
freshwater—bearing sandstones, with local thin shale interbeds,
which are rated to be of braided-stream origin. Mineralogically,
the sandstones are made up dominantly of quartz and potash
feldspar and a negligible quantity of plagioclase. The
sandstones make up 70 to 100% of the formation.

o
[

Figure 1. Location map of the study area within the shallow
offshore depobelt of the Niger Delta (Modified from the
study [15])

3. MATERIALS AND METHODS

Shell Production Development Company, Nigeria provided
the ditch cuttings and wireline logs of the studied well. The
processing and analyses of the sample were carried out at
Crystal Age Limited, Lagos, Nigeria. The lithologic
description was carried out by the examination of the samples.
Shaly samples were denoted to be fissile while sandstone units
are fine to coarse grain sizes. The lithologic description was
aided by the Gamma Ray log because high and low values of
Gamma-Ray indicate shale and sandstone lithologies
respectively [4].

The standard acid palynological sample administration of
particulate organic matter recovery was employed. Ten grams
of each sample were treated with thirty milliliters of 10% and
40% of HCI and HF successively to remove carbonate and
inorganic silicate. The samples were subsequently rinsed with
distilled water and sieved using 5 and 10 pm mesh sieves. The
remaining silicate clay and mud were filtered away using an
electric device known as a digital sonifier. The sample
residues were oxidized by thirty milliliters of 60% HNOs. The
samples for palynofacies analyses were not oxidized to avoid
bleaching. The samples were placed on a coverslip on the hot
plate and left to dry. The coverslip was then placed on a
labeled glass slide with a few drops of Canada balsam used as
the mounting medium. The glass slide was then left to dry.

Observation and identification of palynomorphs and
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palynofacies were carried out under a light transmitted
Olympus CX41 microscope using magnifications of x25 and
x40 with relevant literature for description based on size,
shape, structure, aperture, and sculpture [16-26].

4. RESULTS AND DISCUSSIONS
4.1 Lithology

The lithology is made up of predominantly sands with
occasional shale intercalation. Sands are predominantly
quartzose, slightly feldspathic, occasionally coarse to very
coarse-grained in the upper part of the well. The lower part of
the well is a heterogeneous sequence of alternating sand and
shale/silt units. These indicate that the entire intervals studied
in HA-001 well essentially show Benin and Agbada
Formations.

4.2 Palynology

The result of palynofacies analyses is shown in Figure 2.
The palynomorphs recovered include abundant land-derived
forms including Zonocostites ramonae, Monoporites
annulatus, Sapotaceoidaepollenites sp., Laevigatosporites sp.,
Achrostichum aureum, Verrucatosporites sp.,
Polypodiaceiosporites sp., and charred gramineae cuticle.
Moderate  quantities of  Pachydermites  diederixi,
Psilatricolporites crassus, Retitricolporites irregularis and
Nympheaepollis clarus were also recorded. Abundant
freshwater algae, Botryococcus braunii were also recorded.
Dinoflagellate cysts were not encountered in this well. The
palynofacies recovered are palynomaceral 1 and 2 of large
sizes with few to common occurrences of palynomaceral 3 and
4. Photomicrographs of some recovered palynomorphs and
palynomacerals are shown in Figure 3.

4.3 Palynomacerals

The well generated few to an abundant amount of organic
matter. There is a high recovery of palynomaceral 1 and 2 with
palynomaeral 3 and 4 yielding low recoveries (Figures 2 and
3).

4.3.1 Palynomaceral 1 (PM 1)

The palynomaceral 1 (Alganite) recovered from this study
consists of orange-brown to dark brown structured and
structureless material, irregular shape, varied preservation
state, and dense appearance. It includes structured plant debris,
humic gel-like, and resinous substances, and algal detritus.

4.3.2 Palynomaceral 2 (PM 2)

Palynomaceral 2 (Exinite) from this study consists of
brown-orange structured material of irregular shape and
structured plant material, algal detritus, and reduced humic
gels and resinous substances. Its buoyancy is more than that of
palynomaceral 1 due to its thinner lath shape.

4.3.3 Palynomaceral 3 (PM 3)

The recovered palynomaceral 3 (Vitrinite) is pale, relatively
thin, irregular shaped, and usually structured material. It has
structured plant material and is of curricular origin with
degraded aqueous plant material.



4.3.4 Palynomaceral 4 (PM 4)
Palynomaceral 4 (Inertinite) recovered from this study is

made up of black or almost black equidimensional or blade-
shaped material that is generally uniformly opaque and

and geothermally fusinized material.
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structureless. It encompasses compressed humic gels, charcoal,
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Figure 2. Palynomorphs and palynofacies distribution chart of HA-001 well
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Figure 3. Palynomaceral types recovered from HA-001 well

The age succession established for the HA-001 well (750-
11510 ft) was achieved using the palynoflora assemblages of
marker and associate marker species assemblages recognized
in the well. This aided in erecting two (2) assemblage biozones
and two (2) subzones based on published works of Evamy et
al. [1, 16, 27]. The palynomorphs recorded include abundant
land-derived forms including Zonocostites ramonae,
Monoporites  annulatus, — Sapotaceoidaepollenites  sp.,
Laevigatosporites sp., Achrostichum aureum,
Verrucatosporites sp., Polypodiaceiosporites sp., and charred
gramineae cuticle. Moderate quantities of Pachydermites
diederixi,  Psilatricolporites  crassus,  Retitricolporites
irregularis and Nympheaepollis clarus were also recorded.
Abundant freshwater algae, Botryococcus braunii were also
recorded. Dinoflagellate cysts were not encountered in this
well.

Two (2) assemblage biozones were recognized in the study
namely the Cyperaceaepollis sp. — Nympheaepollis clarus
assemblage zone (750-9750 ft) and the Stereisporites sp.
assemblage zone (9750-11610 ft). These were further divided
into two (2) subzones namely; Nympheaepollis—Echitriletes
pliocenicus subzone (750-3750 ft) and Cyperaceaepollis-
Elaeis guineensis subzone (3750-9750 ft). These assemblage
biozones were correlated with the Echitricolporites spinosus
palynological zones of the study [16] and the P860, P850-P840
and P830 palynological subzones of the study [1]. Thus, a Late

Miocene age is interpreted for the HA-001 well (750-11610 ft).

Details of the biozones were discussed below.

Cyperaceaepollis sp - Nympheaepollis clarus Assemblage
Zone

Depth: 750-9750 ft

Age: Late Miocene

Comparable palynological zone: Echitricolporites spinosus
zone of the study [16], P860 and P850-P840 palynological
subzones of the study [1]. This biozone is characterized by the
palynoflora assemblage of marker species such as
Cyperaceaepollis sp., Nympheaepollis clarus, Echitriletes
pliocenicus, and FElaeis guineensis. The stratigraphic
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significant range of key marker species Cyperaceaepollis sp.
and Nympheaepollis clarus lie within this assemblage zone.
The occurrence of Cyperaceaepollis sp., at the 900 ft of the
well suggests that it’s at the top of the zone and is
stratigraphically higher than the first sample analyzed at 750
ft.

The lower limit is defined by the base occurrence of
Cyperaceaepollis sp. marked at 9750 ft. This zone is further
characterised by the abundant occurrences of Zonocostites
ramonae, Monoporites annulatus, Laevigatosporites sp.,
Pachydermites diederixi and Psilatricolporites crassus. Two
(2) subzones are recognized within this assemblage zone and
discussed below:

Nympheaepollis clarus - Echitriletes pliocenicus subzone

Depth: 750-3750 ft

Age: Late Miocene (Messinian-Tortonian)

This is the youngest subzone recognized in the study and as
such the top of this subzone is probably higher than the first
sample analyzed. The base of the subzone is defined by the
base occurrence of Nympheaepollis clarus identified at 3750
ft.

The Nympheaepollis clarus subzone is further characterized
by the abundant occurrence of Zonocostites ramonae,
Verrucatosporites sp., and Retitricolporites irregularis, the
rare occurrence of Numulipollis neogenicus, fairly abundant
Monoporites annulatus and common occurrence of
Sapotaceae and Nympheaepollis clarus.

This subzone correlates with the Echitricolporites spinosus
palynological zone of the study [16], the P860 subzone of the
study [1], and the palynological zone of the study [4].

Cyperaceaepollis sp. - Elaeis guineensis subzone

Depth: 3750-9750 ft.

Age: Late Miocene (Tortonian)

The top of this subzone is marked by the base occurrence of
Nympheaepollis clarus at 3750 ft. The base is marked by the
base occurrence of Cyperaceaepollis sp. defined at 9750 ft.

The occurrence of Elaeis guineensis, the rare occurrence of
Aletesporites sp. and Retibrevitricolporites obodoensis,
reduced abundance of Verrucatosporites sp., and rare
occurrence of Acrostichum aureum also characterized this
subzone. This subzone correlates with the Echitricolporites
spinosus palynological zone of the study [16] and the P850-
P840 (undifferentiated) subzone of the study [1].

Stereisporites sp. Assemblage Zone

Depth: 9750-11610 ft

Age: Late Miocene (Tortonian)

This zone has been correlated with the Echitricolporites
spinosus zone of the study [16], the P830 palynological
subzones of the study [1]. This Assemblage zone is
characterized by the occurrences of marker species such as
Stereisporites sp., Corylus sp., low records of Pachydermites
diederixi, and Canthiumidites sp.

The top of the zone is marked at 9750 ft by the base
occurrence of Cyperaceaepollis sp., while the base occurrence
of Stereisporites sp. which marks the base of the zone was
recognized at the last sample analyzed.

4.5 Correlation of the established palynostratigraphic
zones with the Niger Delta Cenozoic chart

The biozones established in the study and their equivalent P
zones of the study [1] are correlated with Niger Delta
Cenozoic chronostratigraphic chart (Figure 4). The correlation
shows the studied well is located in the Coastal Swamp to
Shallow Offshore Depobelt. Late Miocene (Tortonian —



Messinian) age is assigned to the studied well intervals.
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4.6 Paleoenvironment of Deposition

The paleoenvironment of deposition is used to describe the
periodic changes in the depositional environment over
geologic time. The knowledge of various depositional
environments and their reservoirs’ properties such as porosity,
permeability, and architecture are aided by the interpretation
of the paleodepositional environment. Deductions of the
paleodepositional environment of the studied well were
inferred based on the following criteria:

1. Quantitative variations of the palyno-ecological groups of
the studied palynomorphs such as Zonocostites ramonae,

characteristics of palynofacies [5]. The coastal
environments are distinguished by poorly sorted
palynomacerals 1 and 2, common to rich occurrences of
fungal spores and the absence of dinocysts. The marine
environment is recognized by small to medium organic
matter that is well sorted, common to abundant
palynomaceral 1 and 2, some needle-shaped to lath-
shaped palynomaceral 4, and the presence of
foraminiferal linings and dinocysts.

Table 1. The environment of deposition of HA-001 well

Psilatricolporites  crassus, Monoporites annulatus, HA-001
Cyperaceaepollis sp., Pachydermites diederixi and il‘::]g%;is An inferred environment of deposition
Botryococuss braunii. (it.)

2. The palynomaceral type recovered from the sja%dled 750-5.,000 Delta Plain (Lower Delts Plain)
samples. The  coastal atnd marine depOSItlF)nal 5,000-8,800 Subaqueous Delta Plain (Delta Front)
environments are categorized to possess unique 8,800-11,610  Subaqueous Delta Plain (Delta Front to Prodelta)
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Figure 5. Depositional Environments and Bathymetric Ranges used in Paleoenvironmental Interpretations (Modified after the
study [28])

Lower delta plain to delta front and prodelta environment
within coastal deltaic to shallow marine environment of
deposition were inferred for the studied intervals of HA-001
well (Table 1 and Figure 5)

The intervals 750-5000 ft in the HA-001 well were
interpreted to be deposited in the lower delta plain
environment. The criteria for interpretation are:

1. The intervals are characterized by the increased
occurrence of freshwater swamp taxa, followed by
mangrove, savanna, and rainforest swamp taxa and
reduced presence of montane taxa [4, 29]. Zonocostites
ramonae, Retitricolporites irregularis,
Sapotaceoidaepollenites sp., Psilatricolporites crassus,
Laevigatosporites sp., Verrucatosporites sp., and
Acrostichum ahereum are the examples of the taxa
recorded. Abundant freshwater algae Botryococcus brunii
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was also recorded during this interval which is indicative
of a high influx of freshwater.

2. Common to abundant occurrences of poorly sorted, small
to large palynomacerals I and II with small to common
occurrences of poorly sorted, small to medium-sized PM
IIT and IV [5] and

3. The sands exhibit cylinder and funnel-shaped Gamma-ray
log motifs suggesting distributary channel and
distributary mouth bar deposits of the lower deltaic plain
[30].

The intervals 5000-8800 ft in HA-001 well respectively
were interpreted to have been deposited in the delta front
environment of deposition. The reasons for these deductions
are:

1. The intervals consist of abundant freshwater swamp and
mangrove swamp taxa with increased occurrence of



savanna taxa. There is a little representation of rainforest
swamp and montane taxa. Examples of taxa recovered in
the intervals are Zonocostites ramonae, Monoporites
annulatus, Psilatrocolporites crassus,
Retribrevitricolporites  protrudens,  Sapotaceoidae
pollenites, and abundant freshwater algae Botryococcus
braunii.

2. Common to moderate occurrences of poorly sorted, small
to large palynomacerals I and II with few palynomacerals
IIT and IV [5]; and

3. The log characters of the intervals are essentially funneled,
cylinder, and minor bell-shaped motifs suggesting
deposition in the delta front varying from barrier bars,
distributary channels, and tidal channels [30, 31]. The
shale is grey, dark grey to brownish grey, platy to flaggy,
occasionally blocky, and moderately hard.

The intervals 8800—11610 ft are the lowermost parts of the
HA-001 well were delineated to be deposited in the delta front
to prodelta environment of deposition. The criteria for this
inference are:

1. There is a high occurrence of freshwater swamp and
mangrove swamp taxa in the intervals with increased
occurrence of rainforest swamp taxa. There is a reduction
in the presence of savanna and montane taxa indicating
proximal offshore [4, 29].

2. Common to abundant moderately sorted, small to large,
palynomacerals I and II with common palynomacerals IV
[5].

3. Log characters of the sand suggest that the multiserrate
upward coarsening, cylinder, and fining upward profiles
are barrier bars, subaqueous channel, and tidal channel
deposits. The sediments of those intervals are laid down
in coastal deltaic to inner shelf environments.

5. CONCLUSIONS

Palynofacies analyses were carried out within the
sedimentary intervals penetrated by the HA-001 well. Shell
Production and Development Company, Nigeria provided the
ditch cuttings and Gamma-Ray Log for the analyses.

Seventy-six ditch cutting samples within the depth intervals
of 750-11610 ft were analyzed in the well. Large-sized
palynomaceral 1 and 2 with few occurrences of
palynomaeceral 3 and 4 were recovered from the analyses. The
well is moderately abundant and fairly diverse in pollen,
spores, and freshwater algae.

The lithology is made up of alternating sand and shale units
which suggests rapid shoreline progradation. The grain size
increases from essentially fine to medium-grained,
occasionally coarse to granule-sized at the basal part of the
well, to dominantly coarse to pebble-sized, occasionally
medium to fine-grained at the upper part. The sands are mostly
sub-angular to rounded and generally poorly to well sorted.
The lower part consists of sands with brownish-grey to dark
grey, silty platy to flaggy, occasionally blocky moderately
hard to hard shales indicating Benin and Agbada Formations.

The Late Miocene is associated with the studied intervals
based on the recovery of Elaeis guineensis, Acrostichum
aurem, Corylus sp., Pachydermites diederixi, and
Psilatricolporites crassus. Two new assemblage biozones
namely Cyperaceaepollis sp. — Nympheaepollis clarus and
Stereisporites sp. were established within the sedimentary
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intervals penetrated in the well using the International
Stratigraphic Guide of establishing biozones.

The correlation of the P Zones of the study [1] with the
Niger Delta chronostratigraphic chart reveals Coastal Swamp
to Shallow Offshore Depobelt of the Niger Delta. This could
further increase the knowledge of palynofloral biozonation in
the Niger Delta. Coastal deltaic palacodepositional
environments were inferred for the studied stratigraphic
intervals based on lithology and palynofacies association.

It is recommended that acquisition of side wall core be
utilised as a routine procedure for well analyses for
biostratigraphic  researches. Due to the occasional
discrepancies between ditch cutting samples and logs, such
that the sample may not be representative of the lithology as
indicated by the logs.

It is also recommended that further studies be integrated
with side wall or core samples rather than ditch cutting
samples because they are less affected by contamination due
to caving in the strata and drilling mud. Although core samples
are costly, they are the most ideal representative of
paleodepositional conditions. Sedimentary structures, fossils
and trace fossils in the sediment are well preserved in core
samples.

REFERENCES

[1] Evamy, B.D., Haremboure, J., Kamerling, P., Knaap,
W.A., Molloy, F.A., Rowlands, P.H. (1978).
Hydrocarbon habitat of Tertiary Niger delta. AAPG
Bulletin, 62(1): 1-39.
https://doi.org/10.1306/C1EA47ED-16C9-11D7-
8645000102C1865D

Morley, R.J., Richards, K. (1993). Gramineae cuticle: a
key indicator of Late Cenozoic climatic change in the
Niger Delta. Review of Palacobotany and Palynology,
77(1-2): 119-127. https://doi.org/10.1016/0034-
6667(93)90060-8

Ajaegwu, N.E., Odoh, B.I., Akpunonu, E.O., Obiadi, L.L.,
Anakwuba, E.K. (2012). Late Miocene to early Pliocene
palynostratigraphy and palacoenvironments of ANE-1
well, eastern Niger Delta, Nigeria. Journal of Mining and
Geology, 48(1): 31-43.

Olayiwola, M.A., Bamford, M.K. (2016). Petroleum of
the Deep: Palynological proxies for palacoenvironment
of deep offshore upper Miocene-Pliocene sediments
from Niger Delta, Nigeria. Palacontologia Africana, 50:
31-47. https://doi.org/10.14279/depositonce-2672
Oyede, A.C. (1992). Palynofacies in deltaic stratigraphy.
Nigerian Association of Petroleum Explorationist
Bulletin, 7: 10-16. https://nape.org.ng/nape-bulletin/,
accessed on Sept. 17, 2022.

Bankole, S.I. (2011). Palynology and stratigraphy of
three deep wells in the Neogene Agbada Formation,

(6]

Niger Delta, Nigeria. Implications for petroleum
exploration and paleoecology. PhD thesis, der
Technischen Universitat Berlin, 1-190.

https://doi.org/10.14279/depositonce-2672

Bankole, S.I., Schrank, E., Osterloff, P.L. (2014).
Palynostratigraphy, palaeoclimates and
palaeodepositional environments of the Miocene aged
Agbada Formation in the Niger Delta, Nigeria. Journal of
African Earth Sciences, 95: 41-62.
https://doi.org/10.1016/j.jafrearsci.2014.01.015



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Tyson, R.V. (1995). Sedimentary organic matter:
Organic facies and palynofacies. Chapman and Hall,
615p. http://dx.doi.org/10.1007/978-94-001-0739-6
Durugbo, E.U. (2013). Effects of Lithology on
Palynomorph Abundance in Wells X1 and X2 from the
Western Niger Delta Nigeria. International Journal of
Geology, Earth and Environmental Sciences, 3: 170-179.
http://www.cibtech.org/jgee.htm2013, accessed on Oct.
17,2022.

Chukwuma-Orji, J.N., Okosun, E.A., Goro, [.A., Waziri,
S.H. (2017). Palynofacies, sedimentology and
palaeoenvironment evidenced by studies on IDA-6 well,
Niger Delta, Nigeria. In The African Neogene—Climate,
Environments and People, 87-105.
http://dx.doi.org/10.1201/9781315161808-6

Okeke, K.K., Umeji, O.P. (2018). Palynofacies, organic
thermal maturation and source rock evaluation of Nanka
and Ogwashi formations in Updip Niger delta basin,
southeastern Nigeria. Journal of the Geological Society
of India, 92(2): 215-226. https://doi.org/10.1007/s12594-
018-0984-9

Avbovbo, A.A. (1978). Tertiary lithostratigraphy of
Niger delta. AAPG Bulletin, 62(2): 295-300.
https://doi.org/10.1306/C1EA482E-16C9-11D7-
8645000102C1865D

Nwachukwu, J.I., Chukwura, P.I. (1986). Organic matter
of Agbada Formation, Niger Delta, Nigeria. AAPG
Bulletin, 70(1): 48-55.
https://doi.org/10.1306/94885624-1704-11D7-
8645000102C1865D

Weber, K.J. (1971) Sedimentological aspects of oil fields
in the Niger Delta. Geologic en Mijnbouw, 50(1): 559-
576.
https://www.scrip.org/(S(351jmbntvnstjlaadkposzje))/r
eference/ReferencesPapers.aspx?ReferencelD=1077656,
accessed on Oct. 1, 2022.

Oluwajana, O.A. (2019). 2D seismic interpretation and
evaluation of middle miocene source rocks within
Agbada formation, coastal swamp depobelt, Niger Delta
basin. Nigeria Global J Geol Sci, 17(1): 97-103.
https://www.researchgate.net/publication/344773932 2,
accessed on Oct. 22, 2022.

Germeraad, J.H., Hopping, C.A., Muller, J. (1968).
Palynology of Tertiary sediments from tropical areas.
Review of Palaeobotany and Palynology, 6(3-4): 189-
348. http://dx.doi.org/10.1016/0034-6667(68)90051-1
Erdtman, G. (1986). Pollen morphology and plant
taxonomy: Angiosperms, 1. Brill Archive. Almqvist and
Wiksell, Stockholm, 539,
http://dx.doi.org/10.1097/00010694-195303000-00016
Gonzalez-Guzman, A.E. (1967). A palynological study

158

[21]

[22]

[23]

[24]

[25]

[26]

(28]

[30]

of the Upper Los Cuervos and Mirador Formations
(Lower and Middle Eocene, Tibu area, Columbia).
Thesis, Univ. Amsterdam, 68.
http://dx.doi.org/10.1016/0012-8252(68)90140-2

WA, K. (1971). A montane pollen species from the upper
Tertiary of the Niger delta. Niger. J. Mining and Geology,
6:23-29.

Legoux, O. (1978). Quelques especes de pollen
caracteristiques du Neogene du Nigeria. Bulletin Centers
Recherche Exploration-Production d’Elf-Aquitaine, 2:
265-317.

Adegoke, O.S., Re, J.D.C., Ae, A., Po, A. (1978).
Palynology and age of the Kerri-Kerri formation, Nigeria.
Rev. Esp. Micropaleontol., 10(2): 267-283.

Jan, D., Ms, O., Ma, S. (1978). Some new Eocene pollen
of the Ogwashi-Asaba Formation, south-eastern Nigeria.
Rev. Esp. Micropal, 10(2): 285-322.
Salard-Cheboldaeff, M. (1975). Quelques grains de
pollen peripores Tertiares de Cameroon. Rev.
Micropaleont, 17(4): 182-190.

Salard—Cheboldaeff, M. (1976). A propos de la
microflore  cryptogamique  Tertiaire de  basin
sedimentaire coties du Cameroon. Rev. Micropaleont,
18(2): 97-116.

Salard-Cheboldaeff, M. (1978). Sur la palynoflore
Maestrichtienne et Tertiaire du bassin sédimentaire
littoral du Cameroun. Pollen et Spores, 20(2): 215-260.
Salami, M.B. (1983). Some Late Cretaceous and Early
Tertiary pteridophytic spores from the southern Nigeria
sedimentary basin. Revista Espaiiola de
Micropaleontologia, 15(2): 257-272.

Murphy, M.A., Salvador, A. (1999). International
stratigraphic guide—an abridged version. Episodes
Journal of International Geoscience, 22(4): 255-271.
https://doi.org/10.18814/epiiugs/1999/v22i4/002
Ijomah, A.K., Amajor, L.C., Ugwueze, C. (2016).
Sequence stratigraphy and hydrocarbon analysis of
coastal swamp Depobelt, Niger Delta, Nigeria. Journal of
Scientific and Engineering Research, 3: 285-294
Adojoh, O., Lucas, F.A., Dada, S. (2015). Palynocycles,
Palacoecology and systems tracts concepts: a case study
from the Miocene Okan-1 Well, Niger Delta Basin,
Nigeria. Applied Ecology and Environmental Sciences,
3(3): 66-74. https://doi.org/10.12691/aees-3-3-1

Sneider, R.M., Tinker, C.N., &Meckel, L.D. (1978).
Deltaic environment reservoir types and their
characteristics. Journal of Petroleum Technology, 30(11):
1538-1546. https://doi.org/10.2118/6701-PA

Beka, F.T., Oti, M.N. (1995). The distal offshore Niger
Delta: frontier prospects of a mature petroleum province.
In Geology of Deltas, 237-241.





