
.. ·, ' .. ;·,! I ~l ,.: ~_\ - I ;~ I '· l • ' • ' r • • . -.- ◄ ! _ - ,- I I ,_, . c- i ,- J F I . 
• • ') I - • - L ·- ' \ .. I , -. ... l , ... ./ .. ~ I ~ f\ : f ; --- f°') ,-

.In ·mti1 1t1kwuma-Orj i 1 • Ed'- ard Ok 1 • '~-; ,~,. : ,1
1 

, / . , .J, :- , ;:.) . , 
. osun Emmanuel Ud ., , ::i. . ' 

Y h 
ensi- Peter 01 I · 1 

a aya Alkali ' · asc ltndc Usman Onuduku 1 

1 Department of Geo lorn., F ~d . 1 . 
c.;, e era U111versity fT 

, 0 echnology M · . . 
~oepartment of Phvsics F d . 

1 
U . . --- ' mna, Niger State, Nigeria. 

. ' e e1a mvers1t)' ofT 1 ec 1110l ogy 1- ,r· . 

1 
_ • ' iv,1tma, N1ger State, Nigeria. 

1acmta@Jutminna.edu.ng 

I 
eaokosun@futminna.edu.ng 

2udensi.emmanuel@futrninna.edu.ng 

tonoduku.usman@futrninna.edu.no 
~ 

Iyalkali@futminna.edu.ng 

* Corresponding author 

Abstract 

Palynofocics nnalyses of the strata penctrnt d h Id . 
~equencc penetrated by the well in order;/ tr ~-4 wells wer~ cam~d out with the aim of studying the stratigraphic 
of deposition. Fifty ditch cuttinn saniples c~ttla. 15h1 ~alynnSfratigraphir zones. relative age and the paleocnvironmcnt 

~ ~ WI 1m t e mterval of2179 3-23 • sample preparation for palynofacies 
8 

. J ' - - .) m were analyzed. The acid methods of 
occurrences of pollen and spores with ~~ ys~s wcr\ followed. ~he result of the analyses yielded low to abundant 
occurrences of palynomacerals 

3 
and 

4
8 

;l~e ~~~e O 

O 
small, _medrnm and l~rge sizes of palynomacerals 1 and 2, few 

in1ercalations of argillaccous s d t . . . 10_!00~ consists of alternation of shale and sandstone units with few 

Tl d
. d . 

1 
· an s ~ne umts, indicating that the studied interval belongs to the Aobada Formation 

1c sn1 1e mterva s were dated mtddl M. I · 
0 

• . 
1 

z . e t0ce. ne to ate M10cene based on the recovered age diagnostic marker 
species sue 1 as Jonocostat1ter; ramona M /1 · • t· r. · . d I , . · · · . e, u w, eo 1tes.1nrmosus, Verrutncolporites rotundiporus, Crassoretitriletes 
\ anraa 'S IO\ ~m and Racemonoco/p~res hians. Two interval range palynostratigraphic zones: Multiareolites formosus 
- Zo~zoc~s:alll~'i 1:amo11ae, Verrutrzcolporites rotu11dipo111s - Crassoretitriletes vanraadshoveni and a ta~on range 
zo~1e .. A!111poll1111te_ vems zon~ were proposed. Paleocnvironmental interpretation was based on the palynofocies 
assoc1~t1on an~ the ltth_ology ,vh1ch revealed that the stratigraphic interval studied was deposited in the Coastal-deltaic 
(marginal manne) environments. 

Keywords: Ida 4, paleoenvironment, palynofacies 

I. Introduction 

Palynofacies could be described as the entire acid resistant organic matter (palynological matter) 
constituents of sedimentary deposit. The tenn was first introduced by Combaz (1964) to describe the total 
microscopic image of the organic components in sedimentary rock samples. Subsequent authors have 
assigned different names to the organic components such as organic matter (Gehmann, 1962: Lorente, 1990; 
Ba_tten and Stead, 2005), palynodebris (Boulter & Riddick 1986: Van der Zwan, 1990; Boulter, 1994) and 
kerogcn or palynornaccrals (Tyson, 1995: Arau,io et al., 1998; Whitaker, 1985: Oycdc. 1992: Thomns et 
al., 2015). Palynofacies wns defined by Tyson ( 1995) as a body of sediment containing a distinctive 
assemblage of palynological organic matter thought to reflect a specific set of environmental conditions or 
to be associated with a characteristic range of hydrocarbon-generating potential. Batten and Stead (2005) 
defined palynofacies (palynological facies) generally to mean organic matter that is recovered from a rock 
or unconsolidated sediment by the standard palynological processing technique of digesting a sample in 
HCl and /or HF. Every sedimentary deposits containing organic matter have an associated palynofacies, 
which could be miospores (small spores and pollen grains), prasinophyte algal bodies, dinoflagellate cysts, 
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h A..mt!ri "'3, Asin ~md Afri a (Nigeria). The. established nine pantropical zones using 
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Figure 1-: Ba.se map of the study area and the locations of Ida-4 welJ in the Niger Delta. 
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Figure 2 : Depobe]t map of the Niger Delta (modified after Okosun and Chukwuma-Orji, 2016) 

3. Methodology 
The mate~ials used for this ~tud~ include ditch cutting samples and wireline logs of lda-4 well and they 
were p_ro~1ded by Chevron N1gena Pie. All the laboratory facilities required were made available by Crystal 
Age L1m1ted, Lagos where the laboratory analyses were carried out. 

3.1 Lithologic description 
Llthologic 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 of2152 - 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 
speed up the reaction rate and to ensure a complete dissolution of the silicates that may be present in the 
samples and for the particles to settle down. Thereafter, the HF was carefully decanted, then folJowed by 
complete neutralisation with distilled water in order to remove fluoro-silicate compounds usually formed 
from the reaction with HF. Sieving and separation were perfonned using Brason Sonifier 250 to filter away 
the remaining inorganic matter (silicates, clay, and mud) an~ hea"?' minera~s to recov~r orga~c ·?13u:rs. 
Brason Sonifier is an electric device used with the aid of 5 micron s1eve and 1t operates ma some vtbratton 
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p;ilyrnmiaccrnls (1Yl ... L 2. · and ) a " ·II t . trn ·turd·. , 'Q',rnt nP!! ;; L 0 \1 1 l 
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2015). • 

4. Result and Discussion 
4.1 Lirholngy 
The lithology of the _studied interval con i t fa Item. ting ·hal ~ mudston~ an i . and. to m: m c \.'- 1'1 (.; 
intcrcalations of arg11laceous ~and tone ( andy _hale and ilnc 11 ) un it-; (tigur . . Thi ug ·.: 'l\ · h,lt ch..: 
studied interval belongs to Agbada Formation . The ha! mud t n an: rno: tl v ~re , to brov .. ni ,1 1rt.! 111 

colour. moderately hard to hard , platy to tlaggy in appcu nee . Th• : ind tun :.., nre pn.:uomin mt!y mil ' ~ 
white to mok_ coarse to fine grained. angular t . uban ular to rounded. and poorly tu \! ell '.1. i: j 1n 
textur~ . 

../.~ Paly110/ogy 
The result of pal~ nological :111::il i. ari; pre: l:nted in pa lyn m( rph and palynurn c ·r, I '-h,-mbut1011 d1,1 rt'-> 

of ldn 4 ,,.ell (figure 3). The chart presents the different palynomorph taxa and type of p,ilyn m{t cr.,tl 
encountered at the differt!nt studied depth intervals. Pal nological analy i. o the : lidc!i of Ida 4 .1,. ·II _ 1 ld:.:c 
significant number of pollen and spore with low to moderate diversi ty. Pollen and por - "' er - dominant. 
Photomicrographs of some of the recovered forms are illustrated in plate I. 

The spores recorded include the species of Laevigato porites sp, Verrucatosprites sp, Alerisµorite'i p. 
(vperaceaepolli sp, Lycopodium sp. Selaginella myosorns, Pteris p, Stereiosporites, Cm. ore1i1nh•1r ­
vanraacislzoveni, Acostichum aureum and \1agnastriarires howardi. 

The pollen species reco ered are: Zonocosrites ramonae, Monoporites annulaws, Racemono-colpites hians . 
Retistephanocolpites gracilis, Praedapollis jle.,ibilis, Stn·arricolpire ca1atumbu . Retibr£:: itricofporite·, 
proiudens, Pachydermites diederLri, Psilarricoloporites crasssus, Retitricolporites irregu!aris, Feni:srrite · 
spinosus, Peregrinipollis nigericus, Gemamonocolpires sp, Multi.areo/ites formo us, Vernuri ulporit ... · r 
rotwzdiporus, Nwnmulipollis neogericus. Canrhium sp, Coryius sp P ila1ricolpori1es p, Elaeis guin ee, H . 

Alnipo/linites verus, Podocarpidites sp and Retirricolporite sp. 

The algal cysts present are Bony ococcus brm111ii and no dinoflagellate cyst wa reco\' red. 
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[Jotryococcus Gemmamanoporites sp 
brounif 

Retibrevitrico/porites 
prot:rudens 

Racemonocolpites Mutiare.olites formosus 
hions 

Retitrico/porites sp 

Zcnocostftes 
romonae 

Lo-evigatosporites 
sp 

Monop.orites 
onnlatus 

Aaostich.um 
aureum 

S triaticolpites 
cotatumbus 

Cyperaceaepollis sp 

P-si.latricolporftes 
CfOSSUS 

Peregrinipollis 
nigericus 

Numulipoffis Verrutricolporites 
c.anthium spp vanroodshooveni 

Crosscretitriletes 

neogenicus rotundiporus 

Plate 1; Palynomorphs recovered fiom the studied wells (x400) 

4.3 Palynomacerals 
The paJynomacerals analysis yielded abundant records of palynomercerals I and 2, few -occurrences of 
palynomacerals 3 and 4 and no record of.(SOM) structmeless organic matter (plate 2, figure 3). 

4.3.1 Palynomaceral I (PMJ) _ 
J:n this study, the observed palynomaceral 1 appeared orange-brown to dark-brown in colour, opaque, 
irregular in shape, structureless and varies in preservation (plate 2). Oyede (1992) descnoed PaJynomaceral 
1 as particulate organic matter (Alginite) that is orange-brown to daJk-brown in colour, dense in appearance, 
irregular in shape, structureless and varies in preservation. It is heterogeneous and of.higher plant in origin 
and some are products .of exndation processes such as the gelification of plant debris in the sediments. 
Palynomaceral J includes small, medium and large sizes of flora debris, humic gel-like substances and 
resinous conex 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, and platy in structure (plate 
~). According to Oyede, J 992, paJynomaceral 2 (Exinites) is usually brown-orange colour, structured but 

· uregular in shape. It encompasses platy like structured plant materials (leaves, stems or small rootlet 
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Palynomac"ral J Polynomaccral 4 

Pil lynoou,cen1l 1 
Palynomaceral 2 Palynomaceral 3 Palynomaceral 4 

• 
rt 

P.ilynomac~rnl l Palynomaceral 2 Palynomaceral 3 Palynomaceral 4 

Plate 2: Types of palynomacerals recovered (x400). 

4.4 Pa/ynostratigraphic zonations and biochronology . 
The palynostnitigraphic zones.proposed in this study were based on the international stratigraphic guide -
an nbridgcd version of Murphy and Salvador ( I 999). The works of Gem1eraad et al., ( I 968); Evamy et al., 
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. e iocene - early Pliocene b d (M I \\ithin the zone could have resulted fr . . . . . oun ary 1 or ey, I 997). Its occurrence 
. . . . om ca, mg m and m1xmg f k t· d · d ·11 · I c um nn wnhm the zone is polle · d . . .,., 0 roe cut mgs urmg n mg. A so 

. _ .::,II ~ d TJ· . n m etemm1ate which could probably be reworked specimens be~ause it 
1s n t \\ e pre~en e . 1e sm 0 le occurrence f p. . · 

• " 0 o 1 maperlltes cursus an Early Eocene to Early Miocene 
species at ... .) 1 m could ha e resulted from reworkino of older sed· t · t ct· e 1men s m o younger se unents. 

i~·- . J.,:errutricolporites rotundipoms - Crassoretitriletes ·anraadshoveni Zone (Interval zone) 
Strat1graph1c mterval: 2371 - 3469 m 
Defini tion: The top of the zone is defined by the last downhole occurrence (LDO) of Crassoretitriletes 
wmraadslwveni, ~,/u/tiareolilesformosus and base regular occurrence of Gemamonocolpites spat 2371 m 
whi le the base is marked by the last downhole occmTence of Verrutricolporites rotundiporus at 3469 m. 
Characteri ~tics: The zone is characterized by the presence and lowermost documented occurrence of 
Racemonocolpites lrians, Retibrevitricolporites protudens, Pachydermites dicderixi, Psilatricoloporites 
71 s-ss ,s. Gemamonocolpites sp, Multiareolitesformosus, Verrutricolporites rotundiporus and sapotaceae 
within the zone. The occurrence of Zonocostites ramonae and Monoporites annulatus are rich within this 

zone. 
-\.ne: The zone is dated middle Miocene because taxa such as Verrutricolporites rotundiporus, 
R;librevitricolporites protudens, and Racemonocolpites hians are diagnostic of middle Miocene. 
Remark: The is equivalent to P700 zone and P780 subzone of Evamy et al, (1978) 

m. Ainipo/li11ite verus Zone (Taxon-range zone) 

Stratigraphic interval: 3469 - 3523 m . the first and last downhole occurrence of Ainipollinite 
Definition: The top and base of the zone 15 defined by ·vel The first and last downhole occurrence of 
vems at the depth of 3469 and 3523 m respect! Y· 
Podocarpidites sp also marks the top and base of tlhe zone. t documented occurrence of Striatricolporites 
Ch . . . . l terized by the owem1os u ·t aract-enstics: The zone 1s c rnrac · t ·amonae Acrost;chum aureum, monopon es 

. apotaceae Zonocosta .es , . ' . . h f catatumbus, Laevigatosporues sp, s . ' . . 1 , ·,e(' protrudens- a species w1t an age range 0 
· J · Rehbrev1tnco 'fJ01 l ·' a1111ulatus and Racemonocolpztes 11a11s. 

Oligocene to Pliocene has its LOO within the zone. 
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Figure 4: 1nlymlsCmtigr·aJ1hic zones correln1ion with the Niger delta Cenozoic chart 

4.6 Pola>t.·1witwmu·nt tf tlt;,ositftm 
This involves dte perk~Jic ctmnses in the dc1.,osi1iounl environment over geologic timo. l~vnhunion of 
pa}tt~nvinmment of <hlOSition is oss1.·ntinl bocnusc difforcnt depositional cuvironment give rise to 
reservoin; with different <1unlitics nnd churnctof'istics such os porosity, pcrmcubility, heterogeneity und 

RlTN/tVN 1- · ~ ::,· 111 NN/i IL lN7 RN. I 17 . WAI, 



.-·---------------- ----------·- - --- - - ~ 

Based on he abo ·e memioned riteria 1 , d I I · - • 
• aquPOlr de .a plains e · . ~ . '' r e ta P am to Ira fnnt and pmdch:1 ( ·ul ~t:nnl d •lw to 

suo - . n 1Jronmen "uhm st I d I · · -
" • ,.. . n - e 1ai em·1ronment l f dcposi1ion have be ·n inkrrc f 
1or ne euimen e co ntercd m he am) d · · I -

)'Ze 1men·a , f Idama 4 well (cable I nnd figure -). 

The in ervaJs; 2 179 - - 00 m in Ida 4 11 
. . , · ma we was delineated to ha\'e been deposited in the lower delta 

P!am en ironment. ~e lower ~elta plain is equivalent to fore shore and fluvio-marine en\'ironment (figure 
5). The reasons for this deduction are: 

1. ~e intenra)s are characterized b) high representation of mangrove, freshwater swamp and 
ramforest swamp taxa, freshwater algae, sa, ana and montane taxa such as Zonocostiles ramonae, 
Monoporites annulatus, Striatricolpiles cmatumbus, Retibrevitricolpnrires protudens, 
Pachydermites diederixi, Psilatricolopori1es crasssus, l errutrico/porites ro11111diporus, 
Botryococcus braunii, A. crosticlmm aureum, Pachydermites diederfri and Lae1·iga1ospori1Cs sp. 

11. The abundant records of palynomacerals 1 and 2 indicate coastal deltaic environment of deposition 
,,. ith influx of fresh water from the moderate quantities of Bot1J1ococcus brmmii, and 
Laevigatosporites sp recorded within the inten al in Idama 4 well. 

m. Aggradational, 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 setling. Lithologically, the sands are milky white, very fine to medium - grained, occasional ly 
coarse to very coarse -grained/ granule -sized, poorly to well sorted and sub-angular to suh­
roundcd. The shales are reddish brown to grey, silty. platy and moderately soft to moderately hard. 
These criteria indicate deposition in lower deltaic plain environment~. 

Table 4.1: Environment of Deposition in Idama 4 
Jdama 4 weJI intervals (m) Inferred Depositional environment 

2179 - 2800 

2800-2885 

2885 3523 

Subaerial delta (lower delta plain/fore shore) 

Subaqueous delta (delta front/lower shore face) plain 

Subaqueous delta (delta front to prodelta) plain 
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Figure 5: Depositional environments and bathymetric ranges used in paleoenviromental 
interpretation (Ijomah et al., 2016) 

Similarly, the interval: 2800 - 2885 m well was delineated lo have been deposited in delta front (inner 
neritic) environment of deposition. The criteria for this deduction are: 
i. The intervals are characterized by increased representation of montane taxa such as Monoporite 

annulatus, reduced occurrences of mangrove, freshwater swamp and rainforest swamp taxa 
compared to the above intervals. 

ii. The palynomacerals I and 2 that occur are more oflarge and medium sizes than the small size. 
iii. The sands and shale intercalalions in this interval are characterized by blocky / aggradational log 

motifs (slightly serrate cylinder on funnel - shaped log character); suggesting their deposition as 
channels / channel fills in a delta front setting. 

The lowennosl segment: 2885 - 3523 m of Jdama 4 well is also inferred lo have been deposited in delta 
front to prodella environment of deposition. The reasons for this inference are: 
i. The intervals are characterized by moderate representation of mangrove, freshwater swamp and 

rainforest swamp taxa Zonocostiles ramo11ae, Mo11oporites annu/atus, Striatricolpites calatumbus, 
Retibrevitricolporites protudens, Pachydermites diederixi, Psilatricoloporiles crasssus, 
Verrutricolporites rotundiporus, Botryococcus brau11ii, Acrostichum aureum, lAevigalosporites 
sp and Pachydermiles diederixi, rare to non representation of savanna and montane la.xa 
suggesting subaqueous delta environment. 

ii. They are characterized by moderate to good sorting of palynomaccrals I and 2, predominantly 
common to abundant small to medium sizes. 
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iii. Tile _ lil /Jology is mostly , Indy i111c:rcalatcd v1ith 'l:1nd .1nn,: w,11,. l f.1.: •.:ind 
mult,scrra~c ~unnel, cylind1.:r/ subt le bdl-'l hapcd ( iH J,ig p1 1jfil!: , 1nti.:rprd•:d ,:, r.1 
bars and d1s1nbu1ary channel c..lcpn-;Jt -; indica te,; rno:midi nu t.h,ir<.diM 

5, Conclusion 
Palynofacie~ were carried out on the strnta pcnctrntcd by /cJam,1 4 ,,,.,cJl 11..,,ng 1l1c ditdi ,u111n;j'> Jnd 11.snirr:..i 
ray_Iog provided by Chevron Nigeria Limited. Fif1y ditch cutting sample, •mthm the interval <, t 2 I 52 - J:5 23 
m, in Idama 4 :veil were ana lyzed. The analyti if, y, ckkd low 10 i1buncfan1 recovery uf polJ,.:n ;;nd •.pore•· 
small to large s,~cs of ralynom::iccra/s I .Jnd 2, fe w occurrence,; o f palynornacc:rnh 3 .1 od .; . Th:: lirhi,l,,g; 
showed alrcmatwn of shale and sandstone unrt ., with fe w inrcrcala lH,rh of ur~il/;u:c<,u 'i unit~. ,ndic..,wi.;_: 
Agbada . Formation. The alw mation of shale and '>anch tonc u,111, fonn1 tfOO<l wrtfCL, ,n pdn,lt:!,tr, 
exploranon because they act as sea l and reservoi r rock un its. ~! he c,wd,cd mr,:,rv,ilc, wen: (btcd m1ddk 
Miocene ro late Miocene bas ed on the recovered a·,c dwgno-., i,c mark<: r ,,p cc i<: '> .,ud1 ,,., 4..fll /11,1r, ,,f//r~ 

.formosus, Verrutrico/pontes rotu11diporw . Crm.w~elitnlete.\ l'<111nwd •. l,m·e111 ~,nd R{I( , ,m,,n1H ol111tr 
hians. Three palynos tratigraphic zones were established in ,he three wcll'i using the rntcm~HH>I I 
stra tigraphic guide for establ ishment of biozones. Mult fa reolites jrmno.rn .. ,· - Ztmocmtat I1e . .\ ramr.117or•. 
Verrutricolporites rotundiporus - Crassoretitriletes vanraa(/<iho veni and Ai11ipolli11i1e veru r zone ,_ •.1,·cr:.: 
established. The three zones proposed are equivalent ro ?770, P780 and P820 o f Evamy et al., ( 197k '· f h:.:•.<.: 
were correlated to the Niger delta Chronostratigraphic chan . ·n1c correlation c;; how~ that the age o: the 
studied interval of the we ll is middle lO late Miocene and fall s in the coastal swamp dcpobe lt of the ~ 1gcr 
delta. The proposed palynostratigraphic zones of this study could contribute co the hannonil'...<Hion of ~i?er 
delta floral biozonation scheme. Coastal-deltaic (lower de lta plain to prodclta) tn vironment'> of depos111on 
have been inferred for the studied interval based on the lithology and the palvnofacics a5soc iation . 
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