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Abstract

cies analyses of the strata pe
trated by the well in or
of deposition. Fifty ditch cutting samples with

netrated by Ida-4 wells were carried out with the aim of studying the stratigraphic
der to establish palynostratigraphic zones, relative age and the palcoenvironment
in the interval of 2179-— 3523 m were analyzed. The acid methods of
cample preparation for palynofacies analyses were followed. 'I.'he result of the analyses yielded low to abundant
occurrchCS,Of pollen and spores with abundance of small, ‘mednum and la_lrge sizes of palynomacerals 1 and.2, few
oCCLITENCES of palynomacerals 3 and 4. The li.tho_log?r consists of altgmayon of shale and sandstone units with few
intercalations of argillaceous sandstone units, indicating that ?he studied interval belongs to the Ag.bada F9matxon.
The studied intervals were dated middle Miocene to late Miocene based on th.e recovere.d age dlagnosuc.mf.lrker

ecies such as Zonocostatites ramonae, Multiareolites formosus, Verrutricolporites rotundiporus, Cras'sorentrzleles
Spnraadshaveni and Racemonocolpites hians. TwWo interval range palynostratigraphic zones: Multiareolites formosus
XaZonocosraﬁles ramonae, Verrutricolporites rotundiporus - Crassorfztitriletes _vanraadshoveni and a taxon ran‘ge
Zone: Ainipollinite yerus zone were proposed. Paleoepvironlrm_:ntal mterprc_atatlon was b?sed.on the palynofacu.:s
association and the lithology which revealed that the stratigraphic interval studied was deposited in the Coastal-deltaic

(marginal marine) environments.

palynofa
sequence penc

Keywords: Ida 4, paleoenvironment, palynofacies

1. Introduction |
‘ stanf organic matter (palynological matter)
deposit. The term was first introduced by Combaz (1964) to describe the total
nents in sedimentary rock samples. Subsequent authors have
ponents such as organic matter (Gehmann, 1962; Lorente, 1990;
& Riddick 1986; Van der Zwan, 1990; Boulter, 1994) and
L., 1998; Whitaker, 1985; Oyede, 1992; T'ho.mas' et
as a body of sediment containing a dlS'tl:l'lCthC
flect a specific set of environmental conditions or
-generating potential. Batten and Stead (2005k)
organic matter that is recove‘red from a roc

chnique of digesting a sample In
have an associated palynofacies,
dies, dinoflagellate cysts,

Palynofacies could be described as the entire acid resi

constituents of sedimentary
microscopic image of the organic compo
assigned different names to the organic com
Batten and Stead, 2005), palynodebris (Boulter &
kerogen or palynomaccrals (Tyson, 1995; Araujo ef a
al, 2015). Palynofacies was defined by Tyson (1995)
assemblage of palynological organic matter thought to re
to be associated with a characteristic rang;: of hy;ilrloc?rl:;?an
defined palynofacies (palynological facies) generally 1o _
or “ncor?so{idated secg)me);lt by the standard palynologlcal processing te

HCl and /or HF. Every sedimentary deposits containin (
which could be miospores (small spores and pollen grains), prasinop

ning organic matter
: hyte algal bo
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gtarch mr.m\inljcn\ Iinings, flrucmml fr'up,mcnts sich as cuticles and wood tissues (phytoclasts or
paaments of plnnl‘\)‘ nn('l \m.slmdumli materials having an amorphous appearmnce. These organic matters
‘ ommon, occurring in abundance in lm!h_mmincmnl and marine deposits, They are equally resistant to
‘-id. high :c‘mpcm‘mm m!d pressure, l\\it‘l:\\l)llll decay u.ml solutioning in water, Palynofacies analysis has

smmgmplm: applications such as in chronostratigraphy, biostratigruphy and sequence stratigraphy.
jgrapic application is very useful on a local scale for fine correlation of reservoir units within oll -
{ to some extent on scale especially in arcas or within successions which more conventional
yphic markers are scarce or lncking (Batten and Stead, 2005). Palynofacies analysis is useful in
ation of the processes controlling deposition. It also provides basis for reconstruction of
paleoccology, paleoenvironment and paleoclimate. Therefore this work is aimed at
mofacies analyses of the ditch cuttings retrieved from Ida -4 well in order to establish
biochronology and paleoenvironment of deposition of the strata
1) is located in Ida field in the Niger delta. The
map of Ida field is 69550 m North and 481875

st‘“‘“‘l
Jts stet
ficlds an¢
poistratiEn
ihe interpret
.\k\,gwgmph)‘.
carying out the paly
ml,mostmtigmphic ronation,
the ‘well. The studied well (IDA-4 we
at describe the locations of Ida-4 on the base

the

aetrated by
coondinates th
m East (figure 1).

3, Literature Review

between latitudes 4° and 6° N and longitudes 3° and 9° E in the Southern part of Nigeria
(ﬁ_&um 2). Short and Stauble (1967) recognized three formations in the subsurface of the Niger delta. In
ascending order, these formations are; the Akata, Agbada and Benin formations. The Akata Formation
aenerally consists of open marine and prodelta dark grey shale with lenses of siltstone and sandstone. The
;\gbada Formation consists of cyclic coarsening-upward regressive sequences. The coarsening upward
sequences are composed of'shales, siltstones, and sandstones which include delta front and lower delta plain
deposits (Weber, 1971). The Benin Formation comprises a succession of massive poorly indurated
sandstones, thin shales, coals, and gravels of continental to upper delta plain origin. The three formations
were deposited in continental, transitional and marine environments (Ola and Adewale, 2014). Doust and
Omatsola, (1990) recognized depositional belts in the Niger Delta, These are: the Northern Delta, Greater
Ughelli, Central Swamp, Coastal Swamp, and Offshore depobelts (figure 2).

Niger delta lies

They are distinguished by their age and most importantly their location. The most comprehensive
contribution to the knowledge on the palynology of the Niger Delta was made by Germeraad et al. (1968).
Their study was based on the palynomorph assemblages of the Tertiary sediments of three tropical areas:
parts of South America, Asia and Africa (Nigeria). They established nine pantropical zones using
quantitative base and top occurrence (numeric method) of diagnostic species such as Echitricolporite
spinosus, Crassoretitriletes  vanradshoveni, Magnastrites howardi, Verrucatosporites usmensis
.Monoporiles annulatus and Proxapertites operculatus. Evamy et al. (1978) established twenty nim;
informal palynological zones of the Niger delta using alphan umeric coding method which seems to form
the background information for in-house zonal scheme of Shell Petroleum Development Company. Oboh
et al. (1992) carried out palynological interpretation of the palacoenvironments of Miocene s[t)ratz. f th

\ZV:LI lgquotoru-l, Niger delta. They used the lithology and the abundance or scarce oc:currc:noce.l ocf

ocosti i i i R
iy mari:l?i:fz]l;,g::; in the samples to interpret the environment of deposition to be largely transitional
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Figure 1: Base map of the study area and the locations of Ida-4 well in the Niger Delta.
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Figure 2: Depobelt map of the Niger Delta (modified after Okosun and Chukwuma-Orji, 2016)

3. Methodology

The materials used for this study include ditch cutting samples and wireline logs of Ida-4 well and they
were provided by Chevron Nigeria Plc. All the laboratory facilities required were made available by Crystal

Age Limited, Lagos where the laboratory analyses were carried out.

3.1 Lithologic description
Lithologic description of the stratigraphic intervals studied was done by physical observation and

feeling of the samples between fingers. Fissile or platy samples indicate shale while samples with
fine to coarse grained sizes indicate sandstone units. The description was enhanced by the Gamma-
ray log since high and low values of Gamma log signify shale and sandstone lithologies, respectively

(Adegoke, 2002; Olayiwola and Bamford 2016).

3.2 Samples preparation for organic matter recovery .
The standard acid method of sample preparation for organic matter recovery was followed. Fifty ditch

cutting samples from Ida-4 well within the interval of 2152 — 3523 m were analyzed. Fifteen grammas of
each sample were treated with 10% HCI under a fume cupboard for the complete removal of carbonates

that may be present.in the samples. This was followed by complete neutralization with distilled water before -
the next procedure. Then 40% HF was added to the sample which was placed on a shaker for 24 hours to
:pecd up the reaction rate and to ensure a complete dissolution of the silicates that may be present in the
ci’:f’l]cs and for Fhe particles to settle down. Thereafter, the HF was carefully decanted, then followed by
mmpt;le neut.rallsa}ion with distilled water in order to remove fluoro-silicate comppunds usually formed
g ¢ reaction with HF. Sieving and separation were performed using Brason Sonifier 250 to f'llter away
ey ma'“'{lg Inorganic matter (silicates, clay, and mud) and heavy minerals to recover organic matters.
on Sonifier is an electric device used with the aid of 5 micron sieve and it operates in a sonic vibration
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¢ inorganic matter and heavy minery| \
ror OU P S. Thes;j _ .,
0 ﬁlen ted nitric acid (HNO3). The level of oxjgyg: ;leved reSidue e \
L ological microscope. N require Biven cq
jera P2 s Y each sa MUrolled oy
un Ple wag closely nlnon Using
o

omacerals recovery, the same procedure for
Foﬁogv ggj except that the oxidation process with HNO, s\,;:;ns 0
i ! m
?h e overed ?rgmLil 21?:61"51" l\1761(‘16 umf_ormly Spotted on arrar:ged
Mounting of ¢,
ver sli

B : - o s
glo"™ 'L octite (Impruv) and was dried with natural sunlight for 5 mip
utes. The slides W
ere then

¢ was LOct'®
;1; " afranin-O 10 order to enhance the study of dinoflagellete Cysts

ple Pr:za_ration fOr palynom
I order oy to b'm(}),rphs fecovery was

d palynomaceral slid i
ynology and p €S were examined under the
. : 0 :

The pa]yrllor;lageral slides were subjected to quantitati\l/};m:ng Binocular lighy transmitted
a]ynon-lacerals (f}’I::I3 » 2, 3, and 4) as well as structureless organic matteg Sl; Of different types of
omorph g'md palynomacerals were done through the use of palynological (lbOM). Identification of
Lorks of previous researchers (Germeeraad et al., 1968; Ajaegwu et al 2012-aB lmI:S land the published

' » Dankole, 2

012; Ige, 2009; Ige et al., 2011; Ol 010; D
nd Aroyewur, 2012; lge, , ; Ola and Adewale, 2014; O » Durugbo
2015). yede, 1992 and Thomas ef al.,

4, Results and Discussion

4] Lithology
The lithology ©

goth pal
minOScop c.

f the studied interval consists of alternating shale/mudstone and ites wi

intercalations of argillaceous sandstone (sandy shale and siltstone) units (ﬁguresgr)l.d'sl‘tl?ir;esﬁmt::tsw:}l:ha ffhw
sudied interval belongs to Agbada Formation. The shale/mudstones are mostly grey to brogxfnish g,rct i:
colour, moderately hard to hard, platy to flaggy in appearance. The sandstones are predominantly mﬂky
white to smoky, coarse to fine grained, angular to subangular to rounded, and poorly to well sorted in

fexture.
42 Palynology

The results of palynological ana
of Ida 4 well (figure 3). The chart presents

lysis are presented in palynomorph and palynomacerals distribution charts
the different palynomorph taxa and types of palynomacerals

encountered at the different studied depth intervals. Palynological analysis of the slides of Ida 4 well yielded
significant number of pollen and spores with low tom oderate diversity. Pollen and spores were dominant.

Photomicrographs of some of the recovered forms are illustrated in plate 1.

p, Verrucatosprites sp. Aletisporites sp,

The spores recorded include the species of Laevigatosporites S ite:
Stereiosporites, Crassoretitriletes

Cyperaceaepollis sp, Lycopodium sp, Selaginella myosorus, Pteris sp,
vanraadshoveni; Acostichum aureum and Magnastriatites howardi. .

Ih? pollen species recovered are: Zonocostites ramonae, Monoporites annulatus, Racem?noc?l;?ile; hu_m!.
Re”*‘fephanocohyites gracilis, Praedapollis Slexibilis, Striatricolpites catatum_bus,. Reﬂbre\fl”;fo POI’n'_’;;
f’?’"de’“’ Pachydermites diederixi, Psilatricoloporites crasssis, Relif”C_'OIPO" Ites 1rr egz;/larzs.” ,::1“ s
rﬁ ;non{s, Peregrinipollis nigericus, Gemamonocolpites SP, Multiareolites formosus, Ejmf ’ in[:ruis
p In‘;nd;ﬁo;.-ug, Nummulipollis neogericus, Canthium sp, Coryius sp, Psilatricolporites sp, Elaets 81 A

pollinites verus, Podocarpidites sp and Retitricolporites Sp-

The
Ugal cysts present are Botryococcus brannii and 1o dinoflagellate cyst Was recovered.

Aoy
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£
%
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' : iaticolpi inipollis
i i 7 Striaticolpites Per 99'_’ Inipo
gocemonocolpites Mutiareolites formosus ’s-:ewsrataspantes Striaticoh rerens

hians
7 g _ ) P T

' R A
Numulipollis Canthium spp vanraadshooveni rotundiporus

neogenicus
Plate 1: Palynomorphs recovered from the studied wells (x400)

43 Palynomacerals
The palynomacerals analysis yielded abundant records of palyno

palynomacerals 3 and 4 and no reco

431 Palynomaceral 1 (PMI)

In this study, the observed palyriomaceral 1 appeared orange
imegular in shape, structureless and varies in preserva
1 25 particulate organic matter (Alginite) that is orange
irregular in shape, structureless and varies in preservation.
aad some are products of exudation processes such as th
Palynomaceral 1 includes small, medium and larg
resinous cortex irregularly shaped materials (Oyede, 1992 and Thomas et al., 2015).

4.3.2 Palynomaceral 2 (PM 2)
The PM 2 observed in this study is irregular in shape, brown-orange in colour,

2). According to Oyede, 1992, palynomaceral 2 (Exinites) is usu
imegular in shape. It encompasses platy like structured plant materials (leaves,
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P

Cyperacead epollis sp

Crossoretitriletes Verrutricolporites

mercerals 1 and 2, few occurrences of
rd of (SOM) structureless organic matter (plate 2, figure 3).

ally brown—orange co
stem

rp.;r_w”

|
{
1
:

(i SRR

Psilatricolporites
crassus

7 -
=)

)

-brown to dark-brown in colour,-opaque,
tion (plate 2). Oyede (1992) described Palynomaceral
-brown to dark-brown in colour, dense in appearance,
It is heterogeneous and of higher plant in origin
e gelification of plant debris in the sediments.
e sizes of flora debris, humic gel-like substances and

and platy in structure (plate
lour, structured but

s or small rootlet

J—
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.y algae debris and a few amouns

of humj .
eral 1 because of its thinner lat mic gels and

Pﬂl)/"om e h-shaped character,

palynomaceral 3 (PM 3)

433 3 observed in this study, generally ;

M 3 (Vitrinite) is pale, relatively thin and

ire . includes structured pl i inly of
: n and degraded aqueous plant . . ructured plant material, mainly o

cuucﬂla" origin 2 plant material. It is more bug ant th 1

41,201 5). i 4 an palynomaceral 2 (Thomas e/

134 pa]ynomacerql 4 ({’M 4)

The observed PM 4 in this St“‘.jy varies from black to dark brown in colour, with blade or needle like shapes
(plate 2). O-yede (1992) described PM 4 (Inertnite) as being black to charcoal black in colour. Also, it is
equidimensmnal, blade or needle shaped material. It js uniformly opaque and structureless, but may
occasionally show cellular struc_ture. The components of this palynomaceral are of different (;ﬁgins and
they include cor_npressed humic gels, charcoal and geothermally fusinized material. Blade -shaped
Palynomaceral 4 is extremely buoyant and resistant to degradation. Thus, they are often transported over
long distances (Oyede, 1992 and Thomas et al., 2015). Concentration of PM4 characterizes high energy

Palynomaceral 3

ey

Pal o
Momaceral 1 Palynomaceral 4

Ppalynomaceral 3

Palynomaceral 2

Plae 9.
e 2: Types of palynomacerals recovered (x400).

14 pg :
hay I,Vnasrral{graphr‘c zonations and biochronology ) . )
Ynostratigraphic zones proposed in this study were based on the international stratigraphic guide -

N abry :
Ndged version of Murphy and Salvador (1999). The works of Germeraad et al., (1968); Evamy et al.,
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" With different qualities and characteristics such as po

i
‘ml

%mawm INTERNATIONAL CONFERENCE 201778 160 4,,,_—’—"“"J
_/——_-

Scanned with CamScanner



L~ —

- L‘C“l . lnf&.lcncc ()’ th iti ¢ i

following cn'!c;:m: .

. ature of organic matter (ps .

i ﬂl;-n.mq'!nc depog'zﬁon o cnviréi';i:(osm;,ﬁ(;més) rec;qvered in the studied interval. The terrestrial/coastal
! e een distinguished to | et e
es (Oyede, 1992 and Tho , o have distinctive and ch: isti

],\110:111::0 r(t - g *alynomacerals lnx:::fi ¢ ;‘ al.l; 2‘015). The terrestrinl/coastal environments are f:ll:;;zz;f:ttzrrllszufi

by Pgloq;or-cs hile marine environment i;‘c:lt sence of dinocysts and common to abundant occurrence ;f'

fungd! * edium, common to abundant ?mC'C"ZCd by a good sorting of organic matter predominantl

¢mall 10 y . s e ant palynomacerals 1 and 2, some needle-shaped to latl antly
alynoms c?ral fﬂnv'p m:n;tt: (IJI inocysts and or foraminifera linings (Oyede, 1992) g o fasiees

ii. Association Of €MIVIFo entally restricted diagnostic species such as Zonocos,liles ra.monae Monaporites

gelatus, Pachydermites diederixi, Psilatricoloporites crasssus, Laevigatosporites sp and Botryococcus

brawnil.
n the above.mem:o?ed criteria, l(_)wcr delta plain to delta front and prodelta (subaerial delta to
ta plains) environment within coastal — deltaic environment of deposition have been inferred

Based 0
ts encountered in the analyzed intervals of Idama 4 well (table 1 and figure 5).

subaqueous del
for the sedimen
The intervals; 2179 — 2800 m, in Idama 4 wel.l was delineated to have been deposited in the lower delta
plain environment. The lower delta plain is equivalent to fore shore and fluvio-marine environment (figure

5). The reasons for this deduction are: |
. The intervals are characterized by high representation of mangrove, freshwater swamp and
rainforest swamp taxa, freshwater algae, savana and montane taxa such as Zonocostites ramonae,

Monoporites annulatus,  Striatricolpites  catatumbus, Retibrevitricolporites  protudens,
Pachydermites  diederixi, Psilatricoloporites ~ crasssus,  Verrutricolporites rotundiporus,
Botryococcus braunii, Acrostichum aureum, Pachydermites diederixi and Laevigatosporites sp. '

i, The abundant records of palynomacerals 1 and 2 indicate coastal deltaic environment of deposition

with influx of fresh water from the moderate quantities of Botryococcus braunii, and

Laevigatosporites sp recorded within the interval in Idama 4 well.

Apgradational, progradational and retrogradational log motifs characterize the sands (intercalated

by shales) in the interval suggest their deposition as channel / bar complexes in a delta plain — delta

front setting. Lithologically, the sands are milky white, very fine to medium — grained, occasionally
coarse to very coarse —grained/ granule _sized, poorly to well sorted and sub-angular to sub-
rounded. The shales are reddish brown to grey, silty, platy and moderately soft to moderately hard.

These criteria indicate deposition in lower deltaic plain environments.

L

B

Table 4.1: Environment of Deposition in Idama 4

\‘
Ty
well intervals (m) __ Inferred Depositional environment

0y Subaerial delta (lower delta plain/fore shore )

~288 :

s 352: Subaqueous delta (delta front/lower shore face) plain

\\ '
Subaqueous delta (delta front to prodelta) plain
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5: Depositional envi
omah et al., 2016)
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ronments and ba

interpretation (Tj

Figure

85 m well was delineated to have been deposited in delta front (inner
he criteria for this deduction are:
taxa such as Monoporite

d by increased representation of montan¢
freshwater swamp and rainforest swamp taxa

L‘ykriy, the interval: 2800 — 28
Imc)chironment of deposition. T
! The intervals are characterize

annulatus, reduced occurrences of mangrove,

compared to the above intervals.
re of large and medium sizes than the small size.

l
L The palynomacerals 1 and 2 that occur are mo 1
rval are characterized by blocky / aggradational log
their deposition as

B:};?:fzg; gahmli shale interc:cﬂationS'in this inte )
channels / ht y serrate 'cyhnder on funnel — shaped log character); suggesting
% owermost se ¢ ann.el fills in a delta front sefting. '

. W prodelta CETient. 2885 — 3523 m of Idama 4 well 1 al.so- infe
The in!mﬂl;onmem ofdeI{OSltlon_ The reasons for this l-nferencc are:

Tinforest Swa:lnl'e characterized by moderate representation of mangrove, ﬁe.shwgtcr swamp and
Retibreyitricol piaxd Zonocostites ramonae, Monoporites annulatus, Srrrqtrrcolpatfss catatumbus,
Verrutricolpo porites protudens, Pachydermites diederixi, psilatricoloporites crasssus,
P and Pa;c);,;”es r?’“"diPOV us, Botryococcus braunii, Acrostichum aureum, Laevigatosporiles
dermites diederixi, rare 10 DOT representation tane taxa

v Suggestin
ey are gcﬁ::’:‘zu"a_ous delta environment.
cterized by moderate to good sorting of palynomacerals 1and 2, P

“mmo
nto
abundant small to medium sizes.

rred to have been deposited in delta

redominamly

)
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The lithology is mostly shaly intercalated
il pultiserrate funnel, cylinder/ subtle be]] ed with sandstone units. The

. . - S:(nd ‘- N ihe
bars aﬂd dlSlnbutﬂI’)’ Channcl dchSIls md?:aatpc:dpGR lOg profiles int mits exhibitey

erpreted as subageous mouth

covided by Chevron Nigeria Limi(er:f rg;ymfj?t:g:gg{na 4 well using the ditch
. |0) y . Ing s 3th .

e II; [dama 4 \;le(:;';r:h‘:nn:rlr);:sgmrhf analysis yvielded low tgo gﬂm\::ﬁwf l.minal of2152 - 3523

fh i to 107B€ 512 i s 1 and 2,. few occurrences of palynoma 'l’) of pollen and spores,

" | alternation of shale and sandstone units with fey in X cerals 3 and 4. The lithology

Sho“da pormation. The alternation of shale ang

M
;\P  to late Miocene based on the recovered age di

cuttings and gamma

\\ﬂf_ed nterval of the well is middle to late Miocene

W The proposed palynostratigraphic zones of this study could contribute to the harn

ﬁgﬂoﬁﬂ biozonation scheme. Coastal-deltaic (lower delta plain to prodelta) environ

e been inferred for the studied interval based on the lithology and the palynofacies

honization of Niger
ments of deposition
association.
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