4

_—

IRONMENTAL
/\LEOENV | AND PALEOCLIMATIC RECONSTRUCTION OF OM-4 AND

OM-A WELLS, NIGER DELTA, NIGERIA

‘) Py
‘Departmelrll;a(l)‘l‘vg;’cgl.o:;.’ ;‘Ocll‘ o A Onoduku U.S.
*Corresponding Author, ope eral University of Technology, Minna
: opeyemifasola@gmail.com/+2347061691639

P

335::1;‘ ical studies have been carried out on 100 ditch cutti |
) omerte auit i _ ngs samples pene i
Nige! Delt gzlggrf,l\l;t)%ﬂf]teeﬁ 9f ;econstructmg the paleoenvironmgnt agd pgzgec?igag?f ;ﬁea'mi OMI-A il
ed o B succession studi ‘:11 oth wells. The palynomorphs yielded 51 and 44 species in C;nMTa ;tgdled el
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oS Zo,,b e adar 'md" : ostichum aureum, Botryococcus braunii and Psilatricolporites crassus in ch))thpw llS
it ch' Fac i icaf ors) denotes an environment of depositioh with higher terrestrial influences indica?t:dS
ic enwgonmth 0 .ep0f51tt110n. Thf: palynomorph distribution was also used to interprete the deposition;l climatic
on the basis of changes in the vegetation shown in the nature of distr ibution of the paleoclimatic zones
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wndidons aﬂ P .
Jere ostablished. Four zones in OM-4 well and five zones in OM-A well. These zones showed a variation between dry

pdwet climates.
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ription of the Study Area -
W\L"f Delta lies between latitude 4° and 6°N and longitudes 3" and 9'E in the southem part of Nigeria. The studied
oM and OM-A wells are located on the onshore part of the Niger Delta, on latitude 4.63° N and longitude 6.8° N and
1@rEd 6. 786° E respectively (Figure 1). OM-4 well lies in the Central depobelt while OM-A well lies within the
cosstal sWamp depobelt.

X

Figure 1: Geological map of Niger Delta showing the location of the studied wells (Modified after Knox and Omotasola,
1990)
Methodology
A constant weight (30g) of each sample was initially given a hot hydrochloric acid (HCI) treatment to remove carbonates
prior to complete digestion i'n hydrofluoric acid (HF) under a fume cupboard to remove silicates. Gentle agitation oi‘ the
id/sample mixture was carried out to aid acid digestion. The sample was then washed with over a Smicron mesh
lypropylene sieve under running water to facilitate the complete remo val of silt and clay particles. A spatula was used
10 scoop the organic-rich fraction and strewn mounted on the slides and made to dry on a hot plate by heating it up to
F 40°C. Two to three drops of loctite impruv were used as the mounting medium and cured over ultraviolet (UV) light.
The palynomorphs were counted on each of the two slides per sample. The slides were viewed under the National
i binocular microscope in the laboratory of Mosunmolu Nigeria Limited, Lagos, Nigeria. Forms observed were identified

 and named using palynological albums as well as descriptions of previous workers (Adegoke et al., 1986; Evamy et al.,
| PUTMINNA 157 SPS BIENNIAL INTERNATIONAL CONFERENCE 2017 pg. €30
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1978; Germeersad et 2l

the palynomorphs distribution chart,

Results

Palynomorph Distribution
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from Figures 2 and 3, it can be seen that the most abundant palynomorphs were of the pollen family, which

e of the total palynomorp, assemblage in OM-4 well (Figure 4) and 75

accounts for about 7]

% in OM-A well
(Figure 3), the second most abundant Eroup are the spores, with 23

% and 18% of all palynomorphs in both
wells respectively. Both OM-4 ang oM

-A wells are characterised by very low counts of marine palynomorphs
(dinoflagellates) with 4% and 5% in both wells respectively. Algaes

Were rare, comprising about 2%4 in both
wells (Figures 4 and §),

80%
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50% -
40% -
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Figure 4: Percentage Palynomorph distribution in OM-4 well
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Figure 5: Percentage palynomorph distribution in OM-A wells

pal coeny ironmental Analysis

Thisis concerned with the use of microfossils (microflorn and fauna) to infer environmental conditions in the
past (Culver et al, 2011). Information on the palynological assemblage is uscful in reconstructing
l“h:,;,‘-,n\-irvum‘ncm. (Van Bergen et al., 1990; Petters and Edet, 1996; Ojo and Akande, 2004), this is because

changes in the environment are reflected in palynologic assemblages (Oloto, 1989; Ojo and Akande, 2004).

The tools adopted in establishing the paleoenvironment for this study are: PMI, environment markers and
Jominant species group

p,|yn0‘logical Marine Index (PMI) of OM-4 and OM-A wells

This index was proposed by (Helenes ef al, 1998) to interprete environments of deposition, using the PMI

formula: PMI = (RnvRt + 1)100, with Rm being the number of marine palynomorphs which include
dinoflagellates, acritarchs and foraminiferal test linings and R, the number of terrestrial palynomorphs
(pollens and spores). In this study, Rm and Rt were expressed as the number of species per sample. High PMI
values were interpreted to indicate normal marine depositional conditions, low values as brackish and nil
values as fresh water (Helenes ef al., 1998). In relations to the classification by (Helenes et al., 1998), this
study adopts 0% as nil PMI values indicating freshwater, 1-50% as low PMI values indicating brackish and
51-100% as high PM1 values indicating marine environment.

PMI values for OM—4 well were generally nil with most depth recording 0.0% PMI values (Table 2, Figure 6),
this indicates a fresh water environment. However, at few depths 9160 ft, 9760 ft, 10510 ft, 10990 ft, 11020
ft, 11230 ft and 11350 ft, low PMI values of 14..0%, 20%, 33.3%, 6.7%, 25%, 12.5% and 16.7% were obtained
respectively (Table 1, Figure 6) denoting a brackish environment. In OM-A well, most depths also had PMI1
values of 0.0% (Table 2, Figure 7), representing freshwater environment, Depths with low PMI values include
B440ft (14.3%), 9160 - 9670t (14.3%), 10610 ft (50%), 10810 — 10780 ft (10 — 50%), 10960 ft (20%) and
11260 ft (12.5%) as seen in Table 2, Figure 7. These depths indicate brackish water environment. From the

PMI values, it is can be inferred that sediments were deposited in a paralic environment.

Table 1: PMI values for OM-4 well
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Figure 7: PMI plot for OM-A well

Marker Species and dominant species groups for paleoenyironmental studies.

Generally, the freshwater sw;-m]p species which include Laevigatosporites sp, Peregrinipollis nigericus,
Racemonocolpites hians, Retitricolporites irrégularis, Striatricolpites catatumbus, Crassoretitriletes
vanraadshooveni and Magnastriates sp, were observed to be well represented in terms of diversity in both
wells (Figures 2, 3, 8 and 9). These species were observed to occur at depths with 0.0% PMI values (although
not restricted to only those depths), hence, confirming those depth intervals to have been deposited in a

freshwater environment. Generally, of the all the palynomorphs recovered from both wells (OM<4 and OM-

A), Zonocostites ramonae was the most abundant species accounting for about 48% in OM-4 well and 52% in
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OM-A well, next to it is Laevigatosporites sp with about 19% in OM-4 well and 15% in OM-A well, -
Acrostichum aureum 12%, Verrucatosporites sp 7%, Monoporites annulatus 5% and other palynomorphs

accounting for about 9% in both wells respectively (Figures 6 and 7).

Other
Monoporites sporomorphs
annulatus 9%

5%

Verrucatosporites
sp
7%

pvigatospontes

Figure 8: Percentage palynomorph species abundance in OM-4 well

Monoporites Other
annulatus , 5% __sporomorphs I
5 S
Verrucatosporites '

sp, 7%

Acrostichum
gureum , 12%

Figure 9: Percentage palynomorph species abundance in OM-A well

—
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In both wells, high percentages of mangrove species (brackish water indicators) which includes Zonocastites
ramonae, Acrostichum aureum, Psilatricolporites crassus, Verrucatosporites sp and Boiryococcus braunii
(Ige, 2009; Sowunmi, 1981; Jennifer et al., 2012; Oboh et al., 1996), were recorded (Figures 8 & 9). Also
depths intervals with low PMI values showed an assemblage of at least two mangrove swamp species. For
instance, in OM-A well, at 8440 ft \*-;ith PMI value of 14.3% (Table 3), Zonocostites ramonae, Acrostichum
aureum, and Botryococcus braunii were present at that depth. Although, the presence of these species was not
limited to the depths with low PMI values, their presence at such depths had higher populatitl)n than the
freshwater species. These mangrove species were generally most abundant in terms of population in both wells
especially Zonocostites ramonae and Acrostichum aureum (Figures 8 & 9). The presence of these Mangrove
swamp species further confirms that the depths with low PMI values were deposited in a brackish environment.
The major palynomorph groups that vsl/ere used in fhe paleoenvironmental studies are pollen, spores and
dinocyts, representing the terrestrial and marine influences (Soronhandi—Ononiwu et al., 2014). From Figures
4 and 5, it can be seen that pollen and spores accounted for 71% and 23% in OM-4 well and 75% and 18% in
| OM-A well respectively, compared to the low counts of marine influences (dinoﬂagellatés) which had 4% and
5% in OM-4 and OM-A wells respectively, indicating an environment with greater terrestrial influences.

Shrank (1994) has suggested that palynomorph assemblages with higher content of pollen from land indicates

terrestrial influence and vice versa, hence the succession of sediments in OM-4 and OM-A wells show it is

strongly dominated by terrestrial palynomorph, denoting a generally continental environment, The presence

of marine influences denotes an environment prone to marine interactions, hence, suggesting a paralic
environment. Moreover, the nature of the sediments is also an important factor in the distribution of the '

palynomorphs. Being allochthonous sediments, generally the siliciclastic sediments deposited in marine

environments show higher abundances of terrestrial than marine palynomorphs (Traverse and Ginsburg, 1966;
Groot and Groot, 1966; Lana, 1997).

From the PMI values, dominat species group and presence of marker species, sediments within both wells

were deposited in a paralic environment denoting a fluvial to coastal environment.

Paleoclimatic Studies

\h_
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ate is the study of changes in climate. This study emp]oys_the use of palynomorphs to carry out
jimatic studies, this is because, changes in climate are most evidently reflected in the vegetation since
S n of any area is an integral and important of an ecosystem and are responsive to change in the
stem (vanorn ot al., 2007). The palynomorph distribution charts of both wells (Figures 3 and 4), show
it tant taxa of the wells which are also ecologically significant. These taxa have been used to delineate
jowell ecologically and to interprete the depositional climatic conditions. On the basis of observed changes
which was reflected in pollen distribution, a total of nine (9) paleoclimatic zones have been

a yegetations
es in OM-4 well and 5 zones in OM-A well.

rccopized; 4 zon!

PgleOC“mate of OM-4 well .

pry climates
of the four paleoclimatic zones established in this well, two zones (Zones A and C) showed dry climates.

Zone A a 1350-9700 ft) shows a consistent general reduction in percentage occurrence of Zonocostites
ramonae and other mMangrove species such as Psilatricolporites crassus as seen in Figure 2. Sparse distribution
of rain forest species such as Pachydermites diederixi and Sapotaceoidaepollenites sp suggestsadry condition
during deposition of the sediments. The presence and relative increase in the distribution of Monoporites
annulatus (Poaceae) (Morley, 1995), indicates the thriving of open vegetation in the area. The reduction in
percentage distribution of Zonocostites ramonae in this zone is relative in comparism to its distribution in
other zones; hence the zone may not represent an extremely dry climate, but suggests a drier condition since
there are evidences of sparse distribution of the forest species. The reduction in percentage of Zonocostites
ramonae may be as aresult of adrop in the level of the sea since mangrove swamps species respond to changes
in the sea level hence are pointers of sea level fluctuation. According to (Ige, 20113 Sowunmi, 1981; Lexine
and Vergnaud- Grazzini, 1993), high value of Rhizopora (Zonocostites ramonaé) represent rise in sea level
and vice versa. The presence of Podocarpus sp. is significant as it represents a cool montane climate (Knapp,

1971).

Zone C (9150.-8680 ft) showed a fall in the number of Zonocostites ramonae n this zone coupled with the
sparse occurrence of savanna and ‘the forest species may denote the prevalence of a more adverse climatic
condition. A reduced but relatively stable sea level might have dominated in this zone. Although there was a

drop in the general distribution of species, mangrove swamp species; Zonocostites ramonae and

Psilatricolporites crassus still dominated the entire zone, still denotes a wet climate although not as in zone

B.

Wet clim
. ed gradual upward ris¢ in the number of

Two zones (B and D) had wet climates. Zone B (9700-9150 ft) show )
nd the setting 10 ©

f a welter climate

Zonocostites ramonae suggests a gradual increase in the sea level @
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to Zone A (Figure 10). Fresh water swamp species such as Striatricolpites cafarm.nbu.\' and rain
o, ecics such as Pachydermites diederixi were represented in higher percentage than in the preceeding
" :;ough they are generally sparsely distributed compared to the mangrove swamp species. This confirms

Z::unl change from a drier climatic condition to the wetter one with gradual sea level rise.

D (8650-8200 ) displayed good representation of Zonocostites ramonae with an initial gradual increase
ilnili pgrcentag& This suggests a rise in sea level. Although within the zone, there was evidence of a local
nucl\lﬂﬁ"“ in sea level shown by a drop in Zonocostites ramonae with corresponding presence of charred

ineae cuticle, fungal spores and hyphae and other savanna species, showing about the same percentages,
qugzests the prevalence of an open vegetation condition indicating a relatively drier climate.
following this stage was the sharp rise in distribution of Zonocostites ramonae. This zone records the peak of

15 oceurrence in the entire section denoting rise in sea level and a wet climate.
L .

Zonocosites ramonae Monoporites annulatus
(representing wet climate spp) (representing dry climate spp)
Depth (f1)

Zones Palcoclimate
20 40 60 1 2 3 4 5 6
8200 ) ~
-"/f'
/’/ ZONED WET
< -
8650 f——
g ZONE C DRY
9150 \\ \ —
./; . i ZONEB | WET
9700 = e
.
/—__-—__—_—.
ZONE A DRY
<
\‘P
Figure 10: Graphi “\a!,trends in abundance of wet ¢ imal? species (mangrove and rdin forest species) and dry
climate specldd*penvegeraronand SaVN] yaRey1es) Terative 10 one anothier and Thelr CorrespoRamg

Paleoclimatic zones for OM-4 well.
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ﬂn this zone, there was prevalence of wet

’ climate, besides the local adverse condition between
m .
w0 ft and 8350 ft of the zone. The presence of rain forest, fresh water swamp species and savanna species
B

ggests that all the vegetation throve in the zone but was dominated by the mangrove swamp forest vegetation,
sU

paleoclimate of OM-A well

wet climates

Three zones (A, B and D) showed wet climates. Zone A (11350-10900 ft) shows consistent fluctuation in the
percentage of Zonocostites ramonae within it. This rise and drop in its percentage maybe due to gradual
oscillation in sea level (Ige, 2009). The zone generally shows high percentages of mangrove species
(Zonocostites ramonae) and presence of few rain forest species such as Pachydermites diederixi and
sapotaceoidaepollenites sp. denoting wet climate with sea leve] fluctuations (Germeraad et al., 1968; Morley,
1991, 1995).

Zone B (10900-10630 ft) showed that mangrove swamp forest vegetation flourished at that time. Abundance

of Zonocostites ramonae suggests an increase in sea level with local fluctuations. Presence of Pachydermites
diederixi and absence of poaceae species confirms the prevalence of a wetter climate.

Zone D (9900-9580 ft) showed mangrove swamp forest vegetation to be well established as represented by

the peak occurences of Zonocostites ramonae and Psilatricolporites crassus. This suggests that mangrove

swamps throve and expanded along the coast (Ige, 2009). This high value of Zonocostites ramonae indicates

sea level rise. Presence of rain forest taxon in the zone such as Bombacacidites sp, Ctenolophonidites coastatus
and absence of Cyperacaceaepollis sp (Figure 3), confirms a

prevalent wet and warm climate in the zone
(Sowunmi, 1981). ' )

ZONE E (9580-8200 ft)

This zone shows consistent fluctuation in the percentage of Zonocostites ramonae, ranging from reduction, at
the bottom of the zone to complete absence at the top of the zone. This fluctuation may have resulted from
continuous rise and drop in sea level with its rise resulting in the increase in Zonocosites Ramonae and vice
versa. This fluctuation in sea level results to both wet and dry ciimatic conditions occurring within the zone
Peaks of Poaceae (Monoporite annulatus) which indicates a drier climate (Ige, 2009), was observed in this

zone (Figure 11), suggesting the existence of open vegetation. Reduced percentages of Pachydermites

diederixi and Sapotaceoidaepollenites sp confirms this zone has a drier climatic condition compared to the
preceding zone.

Dry climate
ZONE C (10630- 9900 ft)

This zone was the only zone marked as dry. This is due to the upward reduction in the occurrence of

. . istributi f
Zonocosites ramonae to its complete absence indicates a fall in sea level (Figure 11). Sparse distribution 0

B
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Rain forest fossils such as Sapotaceoidaepollenites sp (Morley, 1991) and savanna fossils suggest the

prevalence of an adverse climatic condition. The absence of Podocarpus sp which suggests a cool and moist

climate indicates the presence of a drier climate (Knapp, 1971).

e ————
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Zonocosifes ramonae

Monoporites annulatus
(represent wet climate spp)

resent dry climate spp ) "
b . w (rep : dfyz . s Zones Paleoclimate
§200 ““) )
| “// WET
NEE v
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FLUCTUATION
=
\ J—
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9580 \ i
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10620 ¢ 2
— |/
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11350 )
s

Figure 11:  Graphical trends in abundanGpecrf Bowocostites ramonae representing wet climate species

(mangrove and rain forest species) and Monoporites annulatus representing dry climate species (open
vegetation and savanna species) relative to one another and their corresponding zones for OM-A well.

CONCLUSION

Zero to low PMI values in both wells denotes an environment of deposition with higher terrestrial
influences, indicated a paralic environment of deposition. Presence of mangrove swamp species such

Zonocostites ramonae, Acrostichum aureum, Botryococcus braunii and Psilatricolporites crassus in both

wells (which are brackish water indicators), as well as the poor yield of nannofossils in both wells confirmed
a paralic environment of deposition.

The palynomorph distribution was used to interprete the depositional climatic conditions. On the basis of
changes in the vegetation shown in the nature of distribution of the palynomorphs, a total of nine (9) zones

were recognized; four zones in OM-4 well and five zones in OM-A well. In OM-<4 well, the four zones

S~—
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tabﬁshed were observed to show a variation between dry and wet climates, with zone A indicating the only
¢ - -

d.r)’ imate in the zone. Although zones B, C and D indicated wet climates, zone B was wetter than zone C as

shO“"d more mangrove and rainforest species compared to zone C. Zone D showed a predominantly wet
i ,

e Wi peak percentages of mangrove species as well as other rain forest species within the zone. The
i

fie 200€S identified in OM-A well showed a predominantly wet climate in four zones (Zones A, B, D and E)
|

3 dry climate in one zone (zone C).

o ‘

AC],(NOWLEDGEMENTS

e authors are grateful to Chevron Nigeria Plc for supplying the ditch cuttings used for this study. The

gsistance of the staff members of Mosunmolu Nigeria Limited in slide preparation is appreciated.

QEFERENCES

adegoke, O. 8., Jan Du Chene, R. E., Agumanu, A. E., & Ajayi, P. O. (1986). Palynology and Age of the
Kemi-Kerri Eormatlon, Nigeria. Revista Espanola De Micropaleontologi, X(2), 267-285.

Culver, S. 1., Farrel, K. M., Mallinson, D. J., Horton, B. P., Willard, D. A., Debra, A.,... Hillier, C. (2011).

Micropaleontologic Record of Quartenary Paleoenvironments in Central Albermarle Embayment, North
Carolina, U.S.A. Paleogeography, Paleoclimatology, Paleoecology, 305, 227-245.

poust, H., & Omatasola, E. (1990). Niger Delta Divergent/passive Margin Basins. American Association of
Petroleum Geologist Memoir, 48, 239-248,

Evamy B. D., Haremboure J., Kamerling, P., Knapp, W. A., Molloy, F. A., & Rowlands, P. H. (1978).
Hydrocarbon habitat of Tertiary Niger Delta. American Association of Petroleum Geologists Bulletin,
62, 1-39.

Germeraad, J. H., Hopping, C. A., & Muller, J. (1968). Palynology of Tertiary sediments from Tropical areas.
Revised Palaeobotany and Palynology, 6, 189-198.

Groot, J. J., & Groot, C. R. (1966). Marine palynology: Possibilities, Limitations, Problems. Marine Geology,
4,387-395.

Helenes, J., de-Guerra, C., & Viésquez, J. (1998). Palynology and chronostratigraphy of the Upper Cretaceous

in the subsurface of the Barinas area, western Venezuela. The American Association of Petroleum
Geologists Bulletin, 82, 1308-1328.

Ige, 0. E. (2009). A Late Tertiary Pollen record from Niger Delta, Nigeria. International Journal of Botany,
5,203-215.

Ige, 0. E. (2011). Vegetation and Climatic History of the Late Tertiary Niger Delta, Nigeria, based on
Pollen record. Resources Journal Botany, 6,21-30,

Ivanor, D. A., Asharf, A. R., & Mosbrugger, V. (2007). Late Oligocene and Miocene climate and vegetation

in the eastern parathys area (Northeast Bulgaria) based on pollen data. Palaeogeography,
Paleaoclimatology, Palaeoecolology, 255, 342-360.

Knapp, W. A, (1971). A Montane Pollen Species from the Upper Tertiary of the Niger Delta. Journal of Mining
and Geology, 6,23-29.

FUTMINNA 157 5P BIENNIAL INTERNATIONAL CONFERENCE 2017 pg. 697

Scanned with CamScanner



1., & Omatasola, E. (1990). Development of the Cenezoic Niger delta in terms of the Escalator

wox‘ﬁ' ression Model and impact on Hydrocarbon Distribution. Proceedings of KNGMG Symposium
E‘eis 1al Lowlands, Geology and Geotechnology, 27-31.
0

C. (1997). Bacia de Sergipe-Alagoas- uma hipétese de evolugio tectono-sedimentar. In G;uP.Rl R.

Lmnbaﬁngiia & E.J. Milani (Eds.), Origen e Evolugdo de Bacias Sedimentares (pp. 311-332). Portugal, Rio
.ro' . . - 3

.dcjgne;\d., & Vergnaud-Grazzini, C. (1993). Evidence of Forest Extensiuon in West Africa since
L“m,cz'oof)BP: A Pollen record from Eastern Tropical Atlantic, Quatenary Science Reviews 12,203-210.

R. J. (1991). Tertiary stratigraphic palynology in South East Asia: Current status and new directions.
MM]cGy;alog"C Society Malaysia Bulletin, 28, 1-36.

1 0.1, & Akande, S. O. (2004). Palynological and Palaeoenvironmental studies of Gombe Formation,
0o Gongola Basin, Nigeria. Journal of Mining and Geology, 40, 143- 149,

Okada, H., & Bukry, D. (1980). Supplementary modification and introduction of code numbers to the low
Jatitude coccolith biostratigraphic zonation. Marine Micropaleontology, 5(2), 321-325.

oloto, I. N. (1989). Maastrichtian dinoflagellate cyst assemblage from the Nkporo Shale on the Benin flank
of the Niger Delta. Review of Palaeobotany and Palynology, 57, 173-186.

petters, S. W., & Edet, J. J. (1996). Shallow Shelf and Anoxic facies in the Late Campananian — Early
Maastrichtian of South Western Nigeria. Geologie de 'l Afrique et de L'Atlantique sud, 219-233.

Schrank, E. (1994). Palynology of the Yessoma Formation in nNrthérn Somalie. A study of the Pollen,

Spores and Associated Phytoplankton from the Late Cretaceous Palmae Province.
Paleontographica, B(2), 63 - n2. .

Soronnandi-Ononiwu, G. C., Omoboriowo, A. 0., Yikarebo
and Paleoenviromental Study Of Akukwa-
International Journal of Scientific and Techno

gha, Y., & Chiaghanam O. 1. (2014). Palynology
1 Well, Niger Delta and Anambra Basins, Nigeria.
logy Research 3(2), 297-304, ‘

Sowunmi, M. A. (1981). Aspects of Late Quaternary vegetational changes in West Africa. Journal of
Biogeography, 8, 457-474.

Traverse, A., & Ginsburg, R. N. (1966). Palynology of the surface sediments

of Great Bahama Banks, as
related to water movements and sedimentation. Marine Geology 4, 417459

Van Bergren, P., Janssen, N., Alferink, J., & Kerp, J. (1990). Recognition of the Organic Matter types in
Standard Palynological slides. In W. J. J. Fe

rmont & J. W. Weegink (Eds), Proceedings of the
. International symposium on Organic Petrology (pp. 45), Madedel. i

NITMINRG 77 555 BIENNIAL INTERNATIONAL CONFERENCE 2017 pg. 698

Scanned with CamScanner



