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Abstract . o , 4" Th 
Th study area is Ore-1 well and it is located on latitude 6° 03' 40" N and Jong1tud_e 5 35 4 . · e 
. e of this paper is to present the paJynostratigraphic and paleoenvironmental mterpretat10n of 

:.1 well, onshore western Niger Delta, Nigeria. Forty-three ditch cutting samples were taken 
ftom 2,956.56 m -: 3,1 ?4.68 m ~ntervaJs of Ore-1 well and subjected to standard .laboratory 
palynofacies analysis usmg the acid method. The recovered palynomorphs were exammed under 
the CX41 Olympus binocular transmitted light microscope. The samples are made up ?f fi~e to 
medium grained sandstone and orange to dark shale. Four types of palynomacerals were 1dent1fied 
Damely, namely: paJynomaceral l, 2, 3 and 4. palynomaceral J (orange-brown or dark brown 
structured and unstructured higher plant materials) is more than 90% while palynomaceraJ 2 
(structureless or structured materials of relics rootlet relics, stem, leaf and relics of algal) is over 
80%, paJynomaceraJ 3 (leaf cuticle and irregular relics of plants) is less than 30% and 
paJynomaceral 4 ( dark blade, tube and needle like shape materials with cellular structured) is 
approximately 4%. Three interval palynostratigraphic range biozones were identified, namely: 
Verrucatosporites usmensis-Ctenolophonidites coastatus, Pachydermites diederixi- Spinicolpites 
echinatus and Grimsdalea polygonalis-Retibrevitricolpites triangulatus were recognized. The 
biozones were dated early to late Eocene based on the presence of marker palynomorphs and 
paleoenvironment of coastal- deltaic (lower delta and upper delta plain) was interpreted for the 
studied sections of Ore-1 well. 

l. Introduction 

PaJ~nofacies studies have become a very useful too] for paloenvironmental studies in recent times 

J)atUcularJy in sediments where other types of fossils are Jacking. The term was described by 

(~mbaz, 1964; Powe1l, 1990, Batten and Stead, 2005) to designate the entire organic matter 

~vered from sedimentary rocks through a standard paJynologicaJ preparatory m th d 
Whos · · . . e o 

. e~ompos1t10n reflect a part1cular environment. The organic contents are ca11ed paJynomo hs 
-~hJch mc]ude structured and unstructured vegeta1 materials. rp 

~ character of · · d · · organic matter m se 1mentary rocks provides insight to the rock h dr b 
,&Ind thermal t · f . Y ocar on type 
..,. ; ·1 b . ma unty o . a source rock. lts concept could be used for correlation of reservo· 'tt.! 
.... o1 - eanng field d . h . Jrs WI rnn 
11
:.d· .· . . an areas w ere biomarkers are scarce (Chukwuma et al 2019) Thi 

m tmprovmg g 1 · 1 • ·, • s could 
eo og1ca practices and refined biostratigraphy becau d 'f~ . . se 1 1erent environments 
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t 
have, different sceneries in which the rock units were laid. Therefore, sufficient infom1ation 

0 
pnlcoenvironmcnt is needed to reduce risk and cost of hydrocarbon exploration. Unfortunate/ 
ap_plicution of pulynofacics data in Niger Delta Basin is scarce in comparison to the use of O\h~, 

nncrofossils (such as foraminifera and calcareous nanno-fossils) in biostratigraphy. Chukwuma :
1 

al. (~017) carried out an extensive research on the Miocene sediments in lda-6 well, Niger Delta 
Basm. Based on palynofacics study, the authors identified three informal palynozones and deduced 
coastal deltaic environment for the strata penetrated in Ida-6 well. Chukwuma et al. (2019) further 
inlcrred a marginal marine cnvironn1ent to lda-4 well located in the coastal swamp area of eastern 
Niger Delta Basin. 

2. Study Arca 

Ore-1 well is in the onshore part of the western Niger Delta Basin. The Niger Delta basin lies 
within latitudes 4° and 6° N and longitudes 3° and 9° E. Ore-1 well is precisely located on latitude 
6° 03' 40" N and longitude 5° 35' 44" E (l ◄ igure 1 ). The Niger Delta Basin lies in the inland 
lowlands in the southern part of Nigeria with elevations of 30 m to 300 m above the sea level. 1t is 
predominately by the complex dregs from Niger, Benue and Cross Rivers (Doust, 1990). 
Stratigraphically the lithic fills were subdivided into three major lithostratigraphic units that are 
interpreted based on sand and shale ratio. The lithic fills are dated based on microfossil contents 
(fo.raminifera and calcareous nannofossils) but recently the stratigraphic framework is based on 
the use of pollen and spores. They are the basal marine prodelta Akata Formation, the middle 
shallow marine delta front Agbada Formation and the top continental delta Benin Formation. The 
three fom1ations consist of progradational sequences (Esan, 2002) and a gross upward coarsening 
deltaic marine, inter lope and abyssal plain deposits of about 12,000 m (Weber and Daukoru, 
1975). ln this study, the palynostratigraphic and Paleoenvironmental interpretation of Ore-1 well, 
onshore western Niger Delta Basin was carried out. 

•,.. l>tht 
. . ,~,,, 

\ 

··•. ••·· 

, .. wO'RTHil 
.. . . .... ... . . 

- p 1 orph and palynomaceral recovered from Ore-1 well Plate 1 : a ynom 
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· 3. ]\,Jaterials and :Methods 

Ditch cuttings and wire-line loo ,,ere obt · , . . . 
Company (NPDC) and labo. t ~ .· amed 1rom the Nntinnnl Petroleum Dcvdopmcnt 

ia .Of) matenals were pro, ided b"' Cr 't l A- " I . . ct l . . .. rberein the analysis was d L. h 1 . ., · ) 8 u · gt; ..-11111tc .. ng_os,, Nlgl!rm 
'h' d 1 · t1 f ohne; n ° ogic description were based on physical cxnmination usin, 

an ens, 1e sense o touc , 1eel. geolooy col . l· (.
200 

~ . . 
. ·. . . . - .... e. om c iart 9). 1 he wire lmc log tn('HS\ll'\! m enl in 

APl umts was used to detemune the shale a,1d sa d t · · 
, cu , c n s one sections. 

Forty-three ditch cuttin° samples we tak 4 - · , 
. e re en at .)7 m mtervals from 2,956.56 m - 3

1
154.68 m 

depths of Ore-I well and sub,ected to t d •d l b , · - · · · 
, J · s an at a oratory palyno,lac1es analysis usmg the uc1d 

method. Ten grams of each sainples w · 11 • 1 · · · . . ere equa y we1g 1ed mto clean well labelled plns11c bcnkcn, 
and treated mildl): with 10% hydrochloric acid (HCl) in a fume cupboard to thoroughly remove 

carbonates matenals such as shell fragments , foraminifera and other microfossils present. 
Thereafter, complete neutralization was achieved using clean water. Then 40% hydrofluoric acid 
(HF) was added before being trai1sferred to a centrifuge for twenty-four hours to speed up the rate 
of chemical reaction to completely dissolve the silicates. Thereafter, the HF was removed with 
water. Samples were then trai1sferred into the Brason Sonifier to filter out inorganic materials that 
might still be present. The residues were divided into two portions; - one pa.rt for palynological 

analysis~ while the second portion was used for palynofacies analysis. The contents of the portion 
for palynological analysis were stained with nitric acid for clearer identification of palynomorphs, 

while those for palynofacies were excepted so as to retain the actual colour of the organic contents. 

Two drops of each residue was pipetted into a clean circular cover slide, mix with Loctite (impruv) 

as a pern1anent mounting medium and cured in ultraviolet light for about five minutes. The 

prepared slides for both palynofacies and palynological aimlysis were observed under the CX4 l 
Olympus binocular light transmitted microscope and compared with classical works of Germeraad 

et al. (1968), Van Hoeken-Klinkenberge (1966), Oyede (1992) and lge et al. (2011 ). 

4. Results, Interpretations and Discussions 

4.1 Litlwlogic Description of Ore-1 Well 

Ore- I well comprises of alternations of sandstone, sandy mud stone and shale (Figure 2). The lower 

paralic unit is more shaly in comparison to the sandy upper para.lie unit in line with the findings of 

Doust and Omotsola (1990). The sandstone units are fine to medium grained with thin lenses of 

shale at some intervals. 

4.2 Palynofacies 

Palynomorphs and palynofacies that were recovered from O:e-1 ':"ell at different depths are given 

in Plate 1 and Figure 2. Four types of palynomacerals were 1dent1fied, namely: palynomace~al I, 

2 . 3 •d 4 p I . eral 1 (orange-brown or dark brown structured and unstructured higher , an . a ynomac • 
1 

f 
l · 1 ) · th 9001 while palynomaceral 2 (structureless or structured matena so p ant matena s 1s more an ,o, . . 

1 1
. · 1 f d eli'cs of algal) is over 80% palynomaceral 3 (leaf cuticle and trregular root et re 1cs, stem, ea an r ' . 

l. ·f 1 ) · l than 30% and palynomaceral 4 ( dark blade, tube and needle hke shape re 1cs o p ants 1s ess . 
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materials with cellular structure) is approximately 4%. Palynomorph assemblage of the recovered _: 
organic content was less than 5% (Figure 3). It was observed that palynomorph abundances and:, · 
diversity increased with more freshwater palynomorphs such as Verrucatosporites sp . 
Acrostichum aureum, Laevigatosporites spp and Psi/atricolporites crassus at deeper dep~ 
(Figure 2). 

Palynomaceral J (PMJ) 

Palynomaceral 1 (PM 1) is dense, structured and unstructured with orange, brown and dark brown· 
colours (Plate I). Palynomaceral 1 (PMl) are from higher plant materials mainly resin, cortex 
materials and algal reminants of Botryoccocus spp (Whitaker et al. , 1992). Palynomaceral I has , 
lowest buoyancy in co~parison to PM2, PM3 and PM4. 

Palynomaceral 2 (PM2) 

They are brownish orange lathy shaped remains of plants ( e.g. , stem, leaf, rootlet and relics of 
algal) known as exinites (Whitaker et al. , 1992). 

Palynomaceral 3 (PM3). 

Palynomaceral 3 (PM3) is usually pale and skinny with irregular shape and relic of a plant's ·. 
stomata (Thomas et al., 2015). It is more buoyant than PMl and PM2. 

Verrucatosporites usmensis Proxapertites cursus Acrostichum aureum Lingulodinium machaerophorum 

Ctenolophonidites coastatus Botryococcus braunii 
Grimsdalea polygonalis Verrucatosporites spp 

Palynomaceral 1 Palynomaceral 2 

Plate 1 : Palynomorph and palynomaceral recovered from Ore-1 well 
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Palynomaceral 4 

Magnification: -600µm. 
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. p I oenvironmental Studies, Western Niger Deft 
Palynofacies fnve ligation oJSedunentsfrom Ore-I Well and Its a e u, 
Nigeria 

Palynomacera/ 4 (PM4) 
. . · 1 blade and needle-like shape mate · 1. ~· Palynomaceral 4 (PM4) has variable dark eqmd1mens1ona . . na s 

• with cellular structure. PM 4 is regarded as a product of foreSt fires aud highly buoyant, resistant_ 

~ and can be transported over long distances (Whitaker et al. , 1992). 

~ Palynostratigraphic Biozonations and Palynochronology of Ore-1 Well 

Tor · · · h. b. re 1·dent1·fied namely: Verrucatosporz'te · ee mterval palynostratlgrap 1c range 10zones we ' . . ~ 
usmensis-Ctenolophonidites coastatus, Pachyderm it es diederixi-Spinicolpztes echznatus and -· · 

Grimsdalea polygonalis- Retibrevitricolpites triangulatus. The biozones were dated early to late -' 

Eocene based on the presence of marker palynomorphs and paleoevironment of coastal-deltaic 

(lower delta and upper delta plain) was interpreted for the studied sections of Ore-1 well. 

Verrucatosporites usmensis - Ctenolophonidites costatus Biozone 

Stratigraphic interval: 3,122.68 m - 3,154.68 m. 

The interval is defined at the base by the first appearance datum (FAD) occurrence of . 
Verrucatosporites usmensis and at the top by last appearance datum (LAD) of Ctenolophonidites 

costatus. Other palynomorphs defining the zone are Doaulaidites laevigatus, Monoporites 

annulatus, Sapotaceae, Acrostichum aureum and Gemmamonoporites spp. The zone correspond . 

with the P300-P430 of Evamy et al. (1978) and dated Early to Middle Eocene (Y epressian­

Lutetian) based on Verrucatosporites usmensis, Retimonocolptes obaensis and Pachydermites 

diederixi. 

Pachydermites diederixi-Spinicolpites echinatus Biozone. 

Stratigraphic interval: 3,040.38m - 3,122.68 m. 

The base of this interval is characterized by FAD of Pachydermites diederixi and top by LAD of 
Spinicolpites echinatus. The zone is rich in Psilamonocolpites crassus and other diagnostics 

palynomorphs such as Lingulodinum machaerophorum and Ctenolophonidites coastatus, -

Psi/amo_noco_Ipites_ marginat~s ~nd Pteris spp. The age of Middle _ Late Eocene (Bartonian· . 
Priaboman) 1s assigned to this mterval due to the presence of Psi/am ·1 . • 1 s a ,. . onoco pztes margma u , · : 
marker pollen used for definmg the top of P450 of Niger Delta Chrono t t' h ·." . s ra 1grap y. 

Grimsdalea polygonalis-Retibrevitricolpites triangulatus Biozone 

Stratigraphic interval: 2,956.56 m - 3,040.38 m. 
' ' 

Characteristics: The interval is characterized by FAD of Gr,· d 1 . AD . -r --- · 
. . . . . . . ms a ea polygonalzs and L o_: .•-,~ 

Retzbrevztrzcolpztes trzangulatus. Other charactenst1c palynom h £ . . . 1 · •e .:· . . 
· . . . . 

1 
. . orp s ound within the mterva ar ,r-

Gardema 1mperehs, Rellmonoco pztes obaens1s and Laevigato . I ·t · .s ,: . 
. . sporztes spp. The zones corre a e, · :. 

with the P470 subzones of Evamy et al. (] 978) and dated L t E h :. · · · . . a e ocene (B t · ) d to t .e '. ., 
occurrence Grismdalea polygonalzs (Figure 2). a oruan ue :· ·· .. , .. , 
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I
r mm 11! ln which a tock uni1 

i~ l\\1'111c•,I. l'11ly11ntiwlt
1 

li1.th1 pl11y llll l111por11111 i·oli; hi pulco •11 vin,11111 •11tul Mudie,· because a close 
,.du1i,

1

11: hip !wt, \'\Vil lh,• llori1 of llll 11r 11 1111d Ir 11vl1on111w t ( ,owu11111i, l 'Jf:7), Thus, this make 
tht 1lorn I () r till II !'I' ll I II bt' 1111 • l\1 I i 11 I h • I'\' '011 :1 I'll 't 1011 ll j' [JH ,I • t IV lrou111cn t. 

Pnk11c·nvirn1111wn111l 1'<'1 '. 0l1Nt1·1wllon of I),, • I w II wm bu ;dd ba~ically on pcrct,'Jl1agc of 

pulynomm, ·r11IH 11ml p11ly11nmorpl111 r •cov .·red frrnn 1h • :tudi d , •ction. 'fhc ntudie<l J1Ct,iion reveals 
owr <JO'¼, I 11ly1Jomn ·eml l (PM I), 111or • 1111111 80% of pulynomuccral 2, Jess than 30% of 
ruily 111 u 1111 ·c 1 n I • nnd ll pprox it 1111 I I y 4 '¼, o J' pu I yum 11orvh 1 (Vig 3 ). l'alynomac,,rals of this kind is 
rdntcd with palynofo ·i ' N I, , . Ullll 4 ol' ('J'y11011 c/ ul., J 99 ). Therefore, an environment of 
~onstnl- cl •ltni (lnw 'l'•IIJlp •r d ·ll11 pluin) huv • been uug,cntcd for Ore-I well. flurthemtore, the 
don11in1111cc of common p11lyJ1omnq1htt Hu ·h llH La 'V/guto.17J1Jr/te,y i pp and Acro.vtichum aureum 
, . ith re~ di nocysts (,\/1/ 11 /fi,r // e.1· l'nrth -r HuJ gcM rn1 environ mcnt clotici to land ( coastal deltaic ). This 
is 11lso support •d hy lh · dul'k 11111.l •r•y colour ttlnlc litholo ,y and prcs1.,'l1ce of Botryococcus braunii 
which I oint to environment not far from lood. 

I f. · s plot of Ore-1 we11 Figure 3: Percentage of pa yno ac1e . 
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I. Com:luHfon . . 
, _ , ,, n ,c bio1,oncs were 1dent1ficd, narnel .. 

111 Ot ~ .. 1 w ·IJ , 1111 H i11l •J'vul pnlyrnmlrnligrnphic ,a , JJ -,h dermfles diederixi-,\JJinico/ • y, ·, 
11 1 ) I ·/ . I Ill JL• com·/a/u.~, (J(; Y Plle,y crmca/ospor/tes UNhl 1J1N s•.( /('11() op '1011 ( { 11 

' • I · ' I I rH' rl"hc bi ozones Were d 
, , · ~ / 11/es tr/aniu u ,,, ,,, · ~led 

1ehl11ot11s and (,rlmsdo/ea polyp.ono//s,. R<?tlln ev/fm,,o 1 
1 . and the paleoevironm ·, r, ·ukcr palynomorp 1s ent of 

b,t'ly to Late l,00 nc hwwd on lh~ pr .. H1.mcc O Th d " the studied intervals of'O 
, I · ) , , 'ntcrprctc ,or • · re .. comHuJ .. Jcltw 1 (low ir d ·IW und upper delta p um wuH J · , 

l wcJI. 
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· · f' 1· I , J • 1· I used f'or this study and the Crystal Age l)tov1s1on <' , 11c 1 cultmg sumplc8 um wire me og • · 
Limitc<l, Lngos, Nigeria for permission to use their Jaboratory. 
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