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ABSTRACT

Palynofacies analysis and thermal maturation study was carried out on IDM-4 and IDM-
5 wells of the Niger Delta Basin. The location of the studied area lies within Latitude
04⁰ 08’ 02’’ N and longitude 06⁰ 08’ 06’’ E for IDM-4 and latitude 04⁰ 08’ 0’’ N and
longitude 06⁰ 07’ 06’’ E for IDM-5. The studied depth of the well is 10030 ft– 11700 ft
at 30 ft interval. Palynological processing, analysis and interpretations were carried out
on forty-nine and forty-seven ditch cutting samples from the IDM-4 and IDM-5 wells,
respectively. Kerogen analysis was also carried out on the part samples. Simple acid
method of sample preparation was used during the palynofacies analysis. Physical
observation and Gamma Ray log were used in determining the lithology of the
sedimentary succession. The lithology consists of the fine to medium sized sandstones
and sandy mudstones. Abundant species of palynomorphs and palynomacerals were
recovered. Some of which are biomarkers such as Zonocostites ramonae, Pachydermites
diederixii, Sapotaceodaepollenites sp., Psilatricolporites cassus. Crassoretitriletes
vanraadshooveni, Laevigatasporites sp. This is correlatable to early-Miocene to middle-
Miocene stratigraphic ages. Two zones were established in IDM-4well. They are
Pachydermites diederixizone which falls within the 7000 ft and 7990 ft and
Crassoretitrites vanraadshooveniZone which falls within the interval 6030 ft and 7000
ft. Three zones were established in IDM-5 well. They are Polypodiaceoisporites sp.
Zone, Magnastriatites howardi Zone and Pachydermites diederixi Zone. The
palynofacies associations show the depositional environment of Pachydermites
diederixii to be mangrove swamp while Crassoretitrites vanraadshooveni Zone
indicates mangrove- shoreface depositional environment for IDM-4 while the
depositional environment of the studied interval is interpreted to predominantly range
between Mangrove and Channel depositional environments for IDM-5. For IDM-4 well,
the intervals such as 6050 ft, 6150 ft, 6400- 6600 ft, 6900- 6950 ft are the intervals that
show the mature phase of liquid oil while intervals 6100 ft, 6200- 6400 ft, 6600- 6900 ft,
6950- 7950 ft are the phase of dry gas. For IDM-5 well, intervals 10000 -10950 ft are
the phases of dry gas while intervals 10950- 11025 ft and 11450-11700 ft are the phases
of mature liquid oil.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the. Study

Palynofacie.s e.ncompasse.s the. total comple.me.nt of acid-re.sistant organic matte.r re.cove.re.d

from a se.dime.nt or se.dime.ntary rock by palynological proce.ssing te.chnique.s, using

hydrochloric acid and hydrofluoric acid, as se.e.n unde.r a microscope. (Combaz, 1964).

Powe.ll e.t al. (1990) re.de.fine.d the. te.rm as “a distinctive. asse.mblage . of palynoclasts whose.

composition re.fle.cts a particular se.dime.ntary e.nvironme.nt”. Tyson (1995), howe.ve.r, adde.d

that apart from re.fle.cting a spe.cific se.t of e.nvironme.ntal conditions, it is also associate.d

with a characte.ristic range. of hydrocarbon-ge.ne.rating pote.ntial. Othe.r worke.rs have.

re.fe.rre .d to organic compone.nts in se.dime.nts as organic matte.r, palynode.bris,

palynomace.ral, and ke.roge.n (Mudie, 1992; Staplin, 1969; Whitake.r, 1984; Boulte.r and

Riddick, 1986; Trave .rse., 1988; Lore.nte., 1990; Tyson, 1995).

Polynofacie.s is the. total comple.me.nt of acid re.sistant particulate. organic matte.r re.cove.re.d

from se.dime.nts by palynological proce.ssing te.chnique.s (Tyson, 1995). Tyson (1995)

provide.d that one. of the. most wide.ly use. de.finition of the. palynofacie.s as the. total

particulate. organic matte.r asse.mblage . containe.d in a body of se.dime.nts is indicative. of a

particular type. of e.nvironme.ntal condition or is associate.d with a characte.ristic range. of

hydrocarbon ge .ne.rating pote.ntial.

According to Lucas (2017) palynofacie.s is a re.lative.ly ne.w aspe.ct of palynology; the. te.rm

connote.s the. global microscopic image . of the. organic constitue.nts of the. rock afte.r prope.r

carrying out of mace.ration and mounting unde.r standard conditions of pre.paration. In othe.r
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words, palynofacie.s involve.s the. e.xamination of the. total acid insoluble. compone.nt of the.

se.dime.ntary sample.s (outcrops, core.s or ditch cuttings) with focus on the. constitue.nt

e.le.me.nts, the.ir proportions, dive.rsity of palynomorph, type.s, sorting and size.

characte.ristics and e.vide.nce. for biological and physical de.gradation.

Muhamme.d et al. (2008) re.porte.d that in source. rock quality, palynofacie.s and the. the.rmal

history of the. Nige.r De.lta Basin will give. a de.taile.d picture. of the. hydrocarbon ge .ne.ration

and the. source . rock pote.ntial of the. basin.

Tyson (1995) classifie.d palynofacie.s into phytoclasts, opaque.s (black de.bris), Amorphous

organic matte.r (AOM) and palynomorphs. Kholeif and Mudie (2010) has e.xte.nsive.ly

de.scribe.d the. palynofacie.s that include. spore.s, polle.n, dinoflage.llate.s, acritarchs,

chitinozoans, prasinophyte.s, foraminife .ral linings and marine. algae.. The.se. are. abundant in

fine. graine.d muds, shale.s, clays, and some.time.s in sandstone.s and lime.stone.s (Mudie.,

1992).

Polle.n and spore. asse.mblage.s from supe.rficial se.dime.nts provide. use.ful information that

can aid the. prope.r unde.rstanding of de.positional e.nvironme.nts and stratigraphy of ge .ologic

formation. The.re.fore ., it is a me.ans of e.lucidating the. e.nvironme.nt re.pre.se.nte.d by a

particular lithological se.que.nce.. Onoduku (2014) note.d that the. study of fossil re.mains in

se.dime.ntary succe.ssion had be.come. a valuable. tool which is unive.rsally acce.pte.d to

unde.rstand the. stratigraphy and source. rock pote.ntial of se.dime.ntary basins. Palynofacie .s

study is advantage.ous ove.r othe.r fossils studie.s be.cause., palynofacie.s are. wide.ly

distribute.d, the.y can be. found in the.ir te.rre .strial, fre.shwate.r, saltwate.r, or e.stuarine. source.

of se.dime.ntary rocks.
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Organic diage.ne.sis or maturation is one. of the. parame.te.rs to be. conside.re.d in the.

e.valuation of hydrocarbon producing pote.ntials of se.dime.nts. Maturation is conside.re.d to

be. controlle.d by various factors including the. te.mpe.rature., pre.ssure. and time.. Some. othe.r

parame.te.rs include. ge.othe.rmome.try state. of pre.se.rvation of organic matte.r, vitrinite.

re.fle.ctance . studie.s, organic ge .oche.mical studie.s, clay mine.ralogy and microscopic studie.s

can be. inte.grate.d to de.fine. a maturation scale. or the. the.rmal alte.ration inde.x.

The.rmal alte.ration inde.x is e.stablishe.d spe.cifically re.lating to the. physical alte.ration

obse.rve.d in the. ke.roge .ns e.valuate.d. The. state. of pre.se.rvation of the. organic matte.r has

be.e.n use.d to characte.rize. the. de.gre.e. of organic maturity. Additional to the. alte.ration state.s

of palynomorphs, the. zonation has be.e.n base.d on the. vitrinite. re.fle.ctance. value.s, clay

mine.ralogic compositions and pyrolysis.

Tyson (1995), the. main use.s of palynofacie.s include.:

i. De.te.rmining magnitude. and location of te.rrige.nous inputs (proximal-distal

re.lationships with re.spe.ct to source.).

ii. De.te.rmining de.positional polarity (onshore.-offshore. axe.s).

iii. Ide.ntifying re.lative. shallowing-de.e.pe.ning and re.gre.ssive.-transgre.ssive. tre.nds in

stratigraphic se.que.nce .s (and he.nce. Se.que.nce. Tracts and Flooding Surface.s).

iv. Characte.rizing and to subdividing se.dime.ntologically uniform facie.s, e.spe.cially

shale.s.

v. De.te.rmining hydrocarbon source. rock pote.ntial and to qualify the. bulk rock

ge.oche.mical

parame.te.rs.
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vi. E.stimating diffe.re.nce.s in primary productivity and wate.r mass stratification (using

absolute. and re.lative. abundance. of diffe.re.nt type.s of organic-walle.d microplankton).

vii. Discriminating among e.nvironme.nts, for e.xample.: oxic ope.n marine., dysoxic-

anoxic marine., and brackish fre.shwate.r.

1.2 Statement of the Research Problem

An accurate. ide.ntification of the.rmally mature.d se.dime.nts/source. rocks is a challe.nge. to

pe.trole.um e.xploration (Oke.ke. and Ume.ji, 2016).

Re.se.arche.rs like. Inyang e.t al. (2016), Lucas (2017), Chukwuma-Orji e.t al (2017) and a lot

of othe.rs have. carrie.d out re.se.arche.s on palynofacie.s and de.positional e.nvironme.nt of the.

Nige.r De.lta Basin, but did not work on the.rmal alte.ration indice.s of the. rocks.

Fe.w works have. be.e.n done. on the. use. of palynomorphs to ide.ntify oil be.aring zone.s,

(Oke.ke. and Ume.ji, 2016) more. work still ne.e.d to be. done. to provide. more. accurate. data on

the. the.rmal alte.ration in ide.ntifying productivity le.ve.ls of oil we.lls in the. Nige.r De.lta

Basin.

E.vamy e.t al. (1987) use.d Alpha-nume.ric me.thod to e.stablish biozone. which is not in line.

with the. inte.rnational standard. The.re.fore., biozone. e.stablishe.d in line. with inte.rnational

standard is ne.e.de.d.

1.3 Justification for the Study
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Biostratigraphy studie.s in the. Nige .r De.lta Basin is a ve.ry important aspe.ct of re.se.arch as

re.gards oil e.xploration. The.rmal alte.ration studie.s use.ful in de.line.ating mature.d source.

rocks. Biozone. done. in line. with inte.rnational standard is e.sse.ntial in oil industry for

accurate. re.lative. dating and corre.lation of re.se.rvoirs.

1.4 Aim

The. aim of this re.se.arch is to carry out palynofacie.s analysis of the. se.dime.ntary succe.ssion

pe.ne.trate.d by IDM- 4 and IDM-5 we.lls in orde.r to ide.ntify the. palynomorph make.r spe.cie.s

and palynomace.rals which would be. re.late.d to palyzone.s and se.dime.nt maturity of the.

succe.ssions.

1.5 Objectives

The. obje.ctive.s of this re.se.arch are. as follows:

 E.stablish the. palynofacie.s associate.d with the. strata within the. fie.ld using the.

re.cove.re.d palynomorphs and palynomace.rals.

 De.te.rmine. the. e.nvironme.nt of de.position of the. succe.ssion using the. palynofacie.s

association.

 De.duct the. maturity of the. pote.ntial source. rock inte.rvals (shale.s) using

palynofacie.s.

1.6 Scope of Work
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The. work cove.rs palynofacie.s analysis, de.positional e.nvironme.nt and the.rmal maturation

analyse.s of IDM-4 and IDM-5 we.lls in the. Nige .r De.lta Basin.

1.7 Location of the Study Area

The. studie.d we.lls are. part of the. Nige.r De.lta Basin’s Ce.ntral Swamp De.pobe.lt (Figure. 1). The.

Nige.r De.lta lie.s within latitude.s 04° and 07º N and longitude.s 03°and 09° E. (Figure. 2). IDM 4 and

IDM 5 we.lls are. situate.d in IDM fie.ld of the. Nige.r De.lta Basin. IDM 4 we.ll is situate.d on latitude.

04° 08ˈ 02̎ N and longitude. 06° 08ˈ 06̎̎ E., while. IDM 5 is locate.d within latitude. 04° 08ˈ 00̎ N and

longitude. 06° 07ˈ 06̎ E

Figure. 1: Location of the. studie.d we.lls (Modifie.d afte.r Doust and Omotsola, 1989)

CHAPTER TWO

Ke.y: – City - IDM 5 - IDM 4
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2.0 LITERATURE REVIEW

2.1 Re.gional Ge.ology of the. Nige.r De.lta Basin

The. Nige.r De.lta Basin, also re.fe.rre.d to as the. Nige .r De.lta province., is an e.xte.nsional rift

basin locate.d in the. Nige .r De.lta and the. Gulf of Guine.a on the. passive. contine.ntal margin

ne.ar the. we.ste.rn coast of Nige.ria (Tuttle. e.t al., 2015). This basin is ve.ry comple.x, and it

carrie.s high e.conomic value. as it contains a ve.ry productive. pe.trole.um syste.m. The. Nige.r

De.lta Basin is one. of the. large.st subae.rial basins in Africa. It has a subae.rial are.a of about

75,000 km2, a total are.a of 300,000 km2, and a se.dime.nt fill of 500,000 km3 (Tuttle. e.t al.,

2015). The. se.dime.nts fill has a de.pth be.twe.e.n 9-12 km. It is compose.d of se.ve.ral

diffe.re.nt ge.ologic formations that indicate. how this basin could have. forme.d, as we.ll as the.

re.gional and large. scale. te.ctonics of the. are.a (Fatoke., 2010). The. Nige.r De.lta Basin is

an e.xte.nsional basin surrounde.d by many othe.r basins in the. are.a that all forme.d from

similar proce.sse.s. The. Nige.r De.lta Basin lie.s in the. south we.ste.rnmost part of a large.r

te.ctonic structure., the. Be.nue. Trough. The. othe.r side. of the. basin is bounde.d by

the. Came.roon Volcanic Line. and the. transform passive. contine.ntal margin. (Fatoke., 2010).

The. Nige.r De.lta Basin was forme.d by a faile.d rift junction during the. se.paration of

the. South Ame.rican plate. and the. African plate., as the. South Atlantic be.gan to ope.n.

Rifting in this basin starte.d in the. late. Jurassic and e.nde.d in the. mid Cre.tace.ous. As rifting

continue.d, se.ve.ral faults forme.d many of the. thrust faults. Also, at this time. syn-rift sands

and the.n shale.s we.re. de.posite.d in the. late. Cre.tace.ous. This indicate.s that the. shore.line.

re.gre.sse.d during this time..

The. Nige.r De.lta stratigraphic se.que.nce. comprise.s an upward-coarse.ning re.gre .ssive.

association of Te.rtiary clastics up to 12 km thick (We.be.r and Daukoru, 1975; E.vamy e.t al.,

https://en.wikipedia.org/wiki/Niger_Delta
https://en.wikipedia.org/wiki/Gulf_of_Guinea
https://en.wikipedia.org/wiki/Petroleum_reservoir
https://en.wikipedia.org/wiki/Geologic_formations
https://en.wikipedia.org/wiki/Tectonics
https://en.wikipedia.org/wiki/Extensional_tectonics
https://en.wikipedia.org/wiki/Benue_Trough
https://en.wikipedia.org/wiki/Cameroon_Volcanic_Line
https://en.wikipedia.org/wiki/Triple_junction
https://en.wikipedia.org/wiki/South_American_plate
https://en.wikipedia.org/wiki/African_plate
https://en.wikipedia.org/wiki/Jurassic
https://en.wikipedia.org/wiki/Cretaceous
https://en.wikipedia.org/wiki/Fault_(geology)
https://en.wikipedia.org/wiki/Thrust_faults
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1987). It is informally divide.d into thre.e. gross lithofacie.s: (i) marine. claystone.s and shale.s

of unknown thickne.ss at the. base.; (ii) alte.rnation of sandstone.s, siltstone.s and claystone.s,

in which the. sand pe.rce.ntage. incre.ase.s upwards; (iii) alluvial sands, at the. top (Doust and

Omatsola, 1990). Thre.e. lithostratigraphic units have. be.e.n re.cognize.d in the. subsurface.

(Short and Stauble., 1967) which are. the. basal and olde.st Akata Formation that compose.

primarily of dark shale. with occasional sand and conside.re.d the. hydrocarbon producing unit.

The. middle. Agbada Formation conside.re.d the. main pe.trole.um be.aring unit and consisting

of inte.rbe.dde.d sandstone. and shale.. Lastly, is the. topmost Be.nin Formation which consists

of contine.ntal sand (Short and Stauble., 1967) (Figure . 2). The.se. formations we.re. de.posite.d

in e.nvironme.nts which are. marine., transitional and contine.ntal re.spe.ctive.ly; forming a

thick, progradational passive.-margin we.dge..

Thre.e. major de.positional cycle.s have. be.e.n ide.ntifie.d within Te.rtiary Nige.r De.lta de.posits

(Short and Stauble., 1967; Doust and Omatsola, 1990). The. first two, involving mainly

marine. de.position, be.gan with a middle. Cre.tace.ous marine. incursion and e.nde.d in a major

Pale.oce.ne. marine. transgre.ssion. The. se.cond of the.se. two cycle.s, starting in late. Pale.oce.ne.

to E.oce.ne. time., re.fle.cts the. progradation of a “true.” de.lta, with an arcuate., wave.- and tide.-

dominate.d coastline.. The.se. se.dime.nts range. in age. from E.oce.ne. in the. north to Quate.rnary

in the. south (Doust and Omatsola, 1990). De.posits of the. last de.positional cycle. have. be.e.n

divide.d into a se.rie.s of six de.pobe.lts (Doust and Omatsola, 1990) also calle.d de.poce.nte.rs

or me.gase.que.nce.s) se.parate.d by major synse.dime.ntary fault zone.s (Figure. 2). The.se.

de.pobe.lts forme.d whe.n paths of se.dime.nt supply we.re. re.stricte.d by patte.rns of structural

de.formation, focusing se.dime.nt accumulation into re.stricte.d are .as on the. de.lta. Such
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de.pobe.lts change.d position ove.r time. as local accommodation was fille.d and the. locus of

de.position shifte.d basinward (Doust and Omatsola, 1990).

Figure. 2: Ge.ology and Stratigraphy of Nige.r De.lta (Lawre .nce. e.t al., 2002)

2.1.2 Review of other works

Hughe.s and Moody-Stuart (1967) propose.d the. te.rm palynological facie.s in the. same.

ge.ne.ral se.nse. as "palynofacie.s" of Combaz (1964) to include. all organic e.le.me.nts. The.se.
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authors and Batte.n and Stead (2005) also applie.d the. te.rm to re.fe.r to the. ge .ne.ral aspe.ct of

ke.roge.n pre.paration. Quadros (1975) took the. words Organopalynology and

Organopalynofacie.s for the. inve.stigation of organic matte.r in se.dime.ntary rocks using

te.chnique.s of microscopy. Le.opold (1982) showe.d that a palynofacie.s doe.s not ne.ce.ssarily

re.fle.ct the. Biologic e.nvironme.nt of the. are .a ne.ar the. basin of de.position but inste.ad can be.

produce.d by a varie.ty of ge .ological and ge.oche.mical taphonomic proce.sse.s associate.d with

se.dime.ntation. This sort of palynofacie.s is a product of the. total se.dime.ntary e.nvironme.nt

and is unlike.ly to be. a palynobiofacie..

Hoshaw and McCourt (2005) de.fine.d palynofacie.s as a “distinctive. asse.mblage . of HCl-

and HF-insoluble. particulate. organic matte.r (palynoclasts) whose. composition re.fle.cts a

particular se.dime.ntary e.nvironme.nt”. Tyson (1995) de.fine.d a palynofacie.s as “the.

asse.mblage . of palynomorphs taxa in a portion of a se.dime.nt, re.pre.se.nting local

e.nvironme.ntal conditions and not typical of the. re.gional palynoflora”. Tyson (1995)

publishe.d a pione.e.ring contribution in the. are.a of palynofacie.s analysis. Tyson (1995)

re.porte.d that since. 1960 use.d the. te.rm palynofacie.s to re.fe.r to a more. or le.ss local

conce.ntration of particular palynomorphs, indicating a sort of biofacie.s. The. author

be.lie.ve.s that the. application of the. word since. the.n has be.e.n ge .ologically orie.nte.d, and

palynofacie.s is use.d primarily to indicate. information about the. e.nclosing rock, e.spe.cially

its e.nvironme.nt of de.positionshould be. calle.d palynolithofacie.s.

Tyson (1995) published summation of the geochemical aspects of organic

facies analysis. The work integrates the geological and biological aspects of palynofacies

re.se.arch. The. mode.rn palynofacie.s conce .pt was introduce.d by Tyson (1995) and de.finition

of palynofacie.s is: “a body of se.dime.nt containing a distinctive. asse.mblage. of



11

palynological organic matte.r thought to re.fle.ct a spe.cific se.t of e.nvironme.ntal conditions or

to be. associate.d with a characte.ristic range. of hydrocarbon-ge .ne.rating pote.ntial” and the.

de.finition of palynofacie.s analysis is: “the. palynological study of de.positional

e.nvironme.nts and hydrocarbon source. rock pote.ntial base.d upon the. total

asse.mblage . of particulate. organic matte.r”.

Furthe.rmore., the. third volume. of Jansonius and McGre.gor’s (1996) compe.ndium of

palynology include. two chapte.rs (Batte.n and Ste.ad, 2005) with succinct and profuse.ly

illustrate.d summarie.s and e.xposition of the. subje.ct, including its application to pe.trole.um

e.xploration.

The. palynofacie.s te.rm re.fe.rs to the. study of the. particulate. organic matte.r pre.se.nts in

se.dime.nts and se.dime.ntary rocks using the. organic matte.r isolationme.thods for sample.

pre.paration (ke.roge.n conce.ntration) and applying microscopy te.chnique.s as a principal tool

for acquiring data and statistical me.thods for its inte.rpre .tation (Me.ndonça Filho e.t al.,

2002). In Brazil, Me.ndonca Filho et al. (2002) was the. first to use. the. organic facie.s

conce.pt (Organic Ge.oche.mistry associate.d to Palynofacie.s) base.d on the. Tyson (1995) in

the. study of Uppe.r Pale.ozoic rocks from the. Paraná basin.

Batte.n and Ste.ad (2005) de.scribe.d palynofacie.s as “associations of palynological matte.r

(PM) in se.dime.nts, conside.re.d primarily in te.rms of the. re.asons for the. association, which

is usually ge.ological, but may be. conne.cte.d to the. biological origin of the. particle.s”. Spore.s,

polle.n, dinocysts, acritarchs and all othe.r palynomorphs are. of course. include.d in a

palynofacie.s, but so are. all othe.r visible. organic particle.s in the. palynological size. range.
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(roughly 2–250 µm) that occur in palynological mace.ration re.sidue.s. Such non-

palynomorph PM is ofte.n re.fe.rre.d to colle.ctive.ly as palynode.bris.

Palynofacie.s is a powe.rful analytical tool whe.n use.d in conjunction with ge .ological and

ge.ophysical information. It can be. applie.d in the. de.te.rmination of ke.roge.n type.s and the.ir

abundance., providing clue.s conce.rning de.positional e.nvironme.nt and hydrocarbon-

ge.ne.rating pote.ntial. Palynofacie.s analysis involve.s the. inte.grate.d study of all aspe.cts of

the. palynological organic matte.r asse.mblage., which include. the. ide.ntification of the.

individual particulate . compone.nts, asse.ssme.nt ofthe.ir absolute. and re.lative. proportions,

particle. size.s, and the.ir pre.se.rvation state.s. It can be. use.d indive.rse. studie.s, such as:

ge.ology (stratigraphy, se.dime.ntology, and palae.oe.nvironme.ntal studie.s), pale.ontology

(biostratigraphic studie.s), pe.trole.um e.xploration, e.nvironme.ntal studie.s, e.tc. (Tyson, 1995).

According to Fle.ishe.r and Lane. (1999), palynofacie.s data can be. still combine.d with

ancillary biostratigraphic information in a se.que.nce .-stratigraphic frame.work to he.lp

re.cognize. re.se.rvoir–source. rock ge .ome.try.

Lucas and E.bahili (2017) also conducte.d a re.se.arch on palynofacie.s studie.s of se.dime.ntary

succe.ssion in Ogbabu-1 we.ll, Anambra Basin, Nige .ria with the. aim of giving a de.taile.d

palynofacie.s study of the. Ogbabu-1 We.ll, Anambra Basin using se.dime.ntology and

palynology as ge .ologic tools. Two main e.nvironme.nts of de.position we.re. de.line.ate.d from

palynofacie.s analysis and the.y are. she.lfal and shallow marine. e.nvironme.nts.

2.2 Kerogen Groups

Ke.roge.n is ge.ne.rally de.fine.d as disse.minate.d organic matte.r in se.dime.nts that is insoluble.

in normal pe.trole.um solve.nts (Se.lle.y, 1985). It is a mixture. of organic compounds (long-
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chain biopolyme.rs) that contain carbon, hydroge.n and oxyge .n with minor amounts of

nitroge.n and sulphur. The. te.rm is applie.d to organic matte.r in oil shale.s that yie.ld oil upon

he.ating and is re.garde.d as the. prime . source. for pe.trole .um ge.ne.ration (Durand, 1980). Thus,

it is use.d for organic matte.r that conve.rts to pe.trole.um (crude. oil and natural gase.s) afte.r

burial and he.ating in se.dime.ntary basins. Ke.roge .n is distinguishe.d from bitume.n be.cause. it

is insoluble. in normal pe.trole.um solve.nts whe.re.as bitume.n is soluble. (Se.lle.y, 1985).

Ke.roge.n has four source.s: lacustrine., marine., te.rre .strial, and re.cycle.d. It is not in

e.quilibrium with the. surrounding liquids (Tissot and We.lte., 1978; Se.lle.y, 1985). Most oil

has be.e.n forme.d from lacustrine. and marine. ke.roge.n. Te.rre.strial organic matte.r ge.ne.rate.s

coal and the. cycle. is ine.rt (Tissot and We.lte., 1978; Se.lle.y 1985; Hunt, 1995). In

pe.trole.um studie.s,. ke.roge.ns are. classifie.d into thre.e. basic type.s (I, II, and III) base.d on the.

ratio be.twe.e.n the.ir C, H, and O conte.nt, (Tissot and We.lte., 1978; Se.lle.y, 1985). Type.s I

and II are. re.fe.rre.d to as saprope.lic ke.roge.n, and type. III is known as humic ke.roge.n.

Saprope.lic ke.roge.n is forme.d through de.composition and polyme.rization products of fatty,

lipid organic mate.rial, such as algae. and spore.s, and is use.d to de.signate. fine.ly

disse.minate.d ke.roge.n, e.xhibiting an amorphous structure. afte.r de.struction by acids (Tissot

and We.lte., 1978; Se.lle.y, 1985; Hunt, 1995). Humic ke.roge.n is large.ly produce.d from the.

lignin of highe .r land plants. Type.s I and II pre.dominantly ge.ne.rate. oil, type. III primarily

ge.ne.rate.s gas and some. waxy oil.

The. ge.ne.ration of pe.trole.um by ke.roge .n maturation de.pe.nds on a combination of

te.mpe.rature., as a function of the. de.pth of burial, and time.. Ke.roge.n is mostly forme.d in

shallow subsurface. e.nvironme.nts. With incre.asing burial de.pth in a ste.adily subsiding basin,
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the. ke.roge.n is affe.cte.d by incre.ase.d te.mpe.rature . and pre.ssure.. Afte.r burial and

pre.se.rvation, organic matte.r can go through thre.e. phase.s le.ading to ke.roge.n de.gradation:

i. Diage.ne.sis – This phase. occurs in shallow subsurface. e.nvironme.nts at low

te.mpe.rature.s and ne.ar-normal pre.ssure.s. It include.s two proce.sse.s, bioge.nic

de.cay supporte.d by bacte.ria, and abioge.nic re.actions (Se.lle.y, 1985). Diage.ne.sis

re.sults in a de.cre.ase. of oxyge .n and a corre.lative. incre.ase. of the. carbon conte.nt.

It is also characte.rize.d by a de.cre.ase. in the. H/O and O/C ratios (Tissot and

We.lte., 1978).

ii. Catage.ne.sis – This phase. is marke.d by an incre.ase. in te.mpe.rature. and pre.ssure.,

and occurs in de.e.pe.r subsurface. e.nvironme.nts. It re.sults in a de.cre.ase. of the.

hydroge.n conte.nt due. to ge.ne.ration of hydrocarbons. Pe.trole.um is re.le.ase.d

from ke.roge.n during this stage.. Oil is re.le.ase.d during the. initial phase. of the.

catage.ne.sis, at te.mpe.rature .s be.twe.e.n 60 and 120 ºC. With incre.asing

te.mpe.rature. and pre.ssure. (approximate.ly 120–225 ºC), we.t gas and

subse.que.ntly dry gas are. re.le.ase.d along with incre.asing amounts of me.thane.

(Tissot and We.lte., 1978 & Se.lle.y, 1985). Catage.ne.sis is characte.rize.d by a

re.duction of aliphatic bands due. to a de.substitution on aromatic nucle.i with

incre.ase.d aromatization of naphthe.nic rings.

iii. Me.tage.ne.sis – This is the. last stage. in the. the.rmal alte.ration of organic matte.r.

It occurs at high pre.ssure.s and te.mpe.rature .s (200 to 250 ºC) in subsurface.

e.nvironme.nts le.ading to me.tamorphism and a de.cline. of the. hydroge.n-carbon

ratio. Ge.ne.rally only me.thane. is re.le.ase.d until only a carbon-rich solid re.sidue.

is le.ft. At te.mpe.rature.s ove.r 225 ºC, the. ke.roge.n is ine.rt and only small amounts
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of carbon re.main as graphite. (Se.lle.y, 1985). The. vitrinite. re.fle.ctance. is use.d to

indicate. me.tage.ne.sis be.cause. this stage. le.ads to re.arrange .me.nt of the. aromatic

nucle.i (Tissot and We.lte., 1978).

The. te.mpe.rature. that le.ads to maturation of ke.roge.n can be. e.stimate.d by many te.chnique.s,

such as the. colour and re.fle.ctance . of organic matte.r in the. rocks, me.asuring of the. carbon

ratio, analysis of clay l mine.ral diage.ne.sis, and fluore.sce.nce. microscopy (Se.lle.y, 1985;

Hunt, 1995). The. colour of ke.roge .n is de.pe.nde.nt on the. de.gre.e. of maturation and its

che.mical composition and structure. (Se.lle.y, 1985). Polle.n and spore.s are. for instance.

originally colourle.ss. With incre.asing burial de.pth and te.mpe.rature., the.y change. from light

to dark (Hunt, 1995). One. commonly use.d syste.m is the. Spore. Colour Inde.x of Barnard e.t

al. (1976) and the. The.rmal Alte.ration Inde.x de.ve.lope.d by Staplin (1969).

The. re.fle.ctance. of vitrinite. is wide.ly use.d for de.te.rmining the. maturation of organic matte.r

in se.dime.ntary basins and the. maturity of pote.ntial source. rocks. The. re.fle.ctance. is

me.asure.d optically and only on vitrinite. group mace.rals, since. othe.r mace .rals mature. at

diffe.re.nt rate.s (Hunt, 1995). The. vitrinite. mace.rals are. se.parate.d from the. sample. by

solution of hydrofluoric and hydrochloric acids (Se.lle.y, 1985). The.re. are. two hypothe.se.s

de.scribing how pe.trole.um is ge.ne.rate.d, an organic and an inorganic. The. inorganic or

abioge.nic hypothe.sis postulate.s that oil forms by re.duction of carbon or its oxidize.d form at

e.le.vate.d te.mpe.rature.s de.e.p in the. E.arth (Se.lle.y, 1985; Hunt, 1995). Thus, me.thane. can

form through various type.s of me.tamorphic and igne .ous proce.sse.s, and is found trappe.d in

some. mine.rals. Although the.re. is some. e.vide.nce. for a bioge .nic origin of some. me.thane.,

ove.rwhe.lming ge .oche.mical and ge .ological e.vide.nce. shows that most pe.trole.um is forme.d

from accumulation of organic matte.r trappe.d and alte.re.d in se.dime.ntary rocks. According
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to the. organic the.ory, the. origin of the. pe.trole.um follows two pathways from living

organisms and goe .s through thre.e. stage.s (diage.ne.sis, catage.ne.sis and me.tage.ne.sis). The.

first pathway re.pre.se.nts pe.trole.um forme.d dire.ctly from hydrocarbons synthe.size.d by

living organisms or from the.ir mole.cule.s (Hunt, 1995). This pathway involve.s an

accumulation of hydrocarbons forme.d by de.ad organism and othe.r hydrocarbons forme.d by

bacte.rial activity and che.mical re.actions at low te.mpe.rature.s (Hunt, 1995). The. se.cond

pathway involve.s the.rmal maturation of conve.rte.d organic matte.r, such as lipids, prote.ins

and carbohydrate.s, into ke.roge.n during diage.ne.sis (Se.lle.y, 1985; Hunt, 1995). With

incre.asing burial de.pth and te.mpe.rature., the. organic matte.r progre.ssive.ly cracks to

bitume.n and liquid pe.trole.um (Se.lle.y, 1985; Hunt, 1995).

As pointe.d out above., oil is mainly forme.d during the. catage.ne.tic phase., which is also

known as the. oil window or oil zone.. With incre.asing te.mpe.rature. more. mole.cular bonds

are. broke.n (H/C or O/C) and hydrocarbon mole.cule.s and aliphatic chains are. forme.d from

the. ke.roge.n. The. hydrocarbons ge.ne.rate.d are . C15 to C30 bioge.nic mole.cule.s, which have.

low to me.dium mole.cule. we.ight (Tissot and We.lte., 1978). Whe.n burial and te.mpe.rature .

incre.ase., light hydrocarbons are. ge.ne.rate.d due. to cracking, and incre.ase. the. proportion of

source. rock hydrocarbons and pe.trole.um (Tissot and We.lte., 1978; Hunt, 1995).

Subse.que.ntly, the. hydrocarbons conve.rt to we.t gas with an incre.ase.d amount of me.thane..

The. te.mpe.rature. in which oil is ge .ne.rate.d and e.xpe.lle.d from the. source. rock range.s from

60 to 160 ºC. This te.mpe.rature. inte.rval is known as the. oil window (Hunt, 1995). The. oil

window corre .sponds to the. de.pth inte.rval 3.0 to 4.9 km. At 2.5 km the.re. is an e.xpone.ntial

incre.ase. in the. C6–C7 hydrocarbons ge.ne.rate.d and the.re. is a pe.ak at about 4.0 km (Hunt,
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1995). The. stratigraphic inte.rval above. and be.low the. oil window is re.fe.rre.d to as

immature. and postmature. for oil ge .ne.ration, re.spe.ctive.ly (Hunt, 1995).

Different studies have shown that the zone of intense oil generation and the peak for oil-

yield differ from basin to basin because the oil generation is influenced by several factors,

such as migration of oil out of the source rock and conversion of oil to gas (Hunt, 1995).

When the generation of oil is more than the migration out of the source rock + the

conversion of oil, the yield increases, but when the migration and conversion of oil to gas is

greater than generation of oil, the yield will decrease (Hunt, 1995).

The classification of organic particles has always been rather subjective. Classifications

often

have a particular objective. Particles have been divided by their modification and thermal

alteration, their depositional environments, botanical classification, degree of terrigenous

supply and thereby distance from land, degree of degradation, and all ochthonous and

autochthonous fractions. It is essentially a morphological classification but it also

incorporates the broad areas of provenance of particles (Tyson, 1995).

A generally acceptable terminology for transmitted light work has proved elusive and they

differ by the degree of emphasis placed on different aspects of kerogen assemblage

providing more detailed subdivisions of the palynomorph, phytoclast and amorphous

organic matter components by greater attention to botanical source, morphology, and/or

preservation states. The much more standardized and systematic maceral terminology used

by organic petrologist (in reflected light studies) should never be used in transmitted light
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work (Tyson, 1995). Macerals can only be properly defined on reflected light characteristics;

any other usage can produce pseudo-accuracy, unnecessary confusion and futile controversy.

However, regarding the kerogen groups and subgroups it is important to use a classification

system which gives the maximum information about the variables involved. This means the

classification system shall also emphasize the most relevant factors having in mind the

objectives of the. study. In that case., a rigorous subdivision of the. cate.gorie.s should be.

pre.se.nt to ide.ntify any quantitative. variation re.late.d to the. main controls on the. distribution

of the. organic matte.r and thus use. those. factors in the. de.te.rmination of the.

palae.oe.nvironme.ntal me.aning. In the. case . of palynofacie.s the. main obje.ctive.s of

microscopy are. to (Tyson, 1995):

2.2.1 Crite.ria use.d in Optical Ke.roge.n Classification

The. main crite.ria use.d in optical ke.roge.n classification are.:

i. Origin: biological source. (base.d on de.finitive. biostructure.) and proce.ss of

formation.

ii. Structure.: structure.le.ss or structure.d

Type. of structure. (3 classe.s):

i. Morphology (de.scriptive.): shape. and fabric

ii. Me.asurable. optical prope.rtie.s: re.fle.ctance ., transluce.ncy, and fluore.sce.nce.

iii. Ge.oche.mical composition: indire.ct e.vide.nce. only, fluore.sce.nce. is e.sse.ntial

Pre.se.rvation state.: E.nvironme.ntal oxidation, e.nvironme.ntal biode.gradation, and

the.rmal
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alte.ration. In transmitte.d white. light microscopy, the. thre.e. main groups of morphologic

constitue.nts re.cognize.d within ke.roge.n asse.mblage . are.: Palynomorphs (organic walle.d

constitue.nts that re.main afte.r mace.ration using HCl and HF acids), Phytoclasts

(fragme.nts of tissue.s de.rive.d from highe.r plants or fungi), and Amorphous Organic

Matte.r - AOM (structure .le.ss mate.rial de.rive.d from non-fossilizing algae., or advance.d

tissue. biode.gradation, phytoplankton or bacte.rially de.rive.d AOM, highe.r plants re.sins

and amorphous products of the. diage.ne.sis of macrophyte. tissue.s).

The. thre.e. classe .s of structure.d particle.s are.: Palynomorphs (discre.te., cohe.re.nt,

re.cognizable., individual or colonial e.ntitie.s), biostructure.d Clasts (fragme.nts which at

le.ast partially pre.se.rve. de.finitive. original botanical fe.ature.s that indicate. the. original

type. of tissue. from which the.y we.re. de.rive.d), and (non-bio) Structure.d Clasts (cohe.re.nt

angular to irre.gular particle.s with distinct outline.s that although not cle.arly attributable.

to a spe.cific biological source., have. a de.finite. structure., shape. or fabric which

indicate.s the.y are. fragme.nt of large.r organize.d bodie.s or tissue.s and the.y ofte.n large.r

than palynomorphs and lacking organic inclusions) (Tyson, 1995).

In the. case. of structure.le.ss particle.s obse.rve.d in transmitte.d white. light microscopy,

the.y

pre.se.nt no botanical fe.ature.s, no organize.d inte.rnal structure. or fabric, and no

consiste.nt shape.. Now, the.y may be. inte.rnally he.te.roge.ne.ous or homoge.ne.ous, hyaline.

(as in re.sin) or non-hyaline. (as in Amorphous Organic Matte.r), and the.y may be.

fluore.sce.nt or non-fluore.sce.nt de.pe.nding on source . and pre.se.rvation (Tyson, 1995).

Now in the. case. of phytoplankton-de.rive.d "AOM", the. most common type. of

structure.le.ss mate.rial in marine. or lacustrine. se.dime.nts, the. particle.s appe.ar typically
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he.te.roge .ne.ous and microparticulate. whe.n vie.we.d unde.r fluore.sce.nce., the.y may have.

common inclusions (Pyrite.), the.y may show a lack of re.gular shape. or size., the.y may

have. no inte.rnal structure. or fabric, ofte.n some.what diffuse. e.dge .s (but varie.s), le.ss

angular than phytoclasts or zooclasts, and a "gritty ge.l" appe.arance.. “AOM" may

some.time.s show "crate.rs" or imprints whe.re. mine.ral grains we.re. once. locate.d but have.

be.e.n re.move.d by acid tre.atme.nt and it may ofte.n adhe.re. to the. outside. of othe.r

particle.s (Tyson, 1995).

CHAPTER THREE
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3.0 MATERIALS AND METHODS

3.1 Materials

The. mate.rials use.d for this work we.re. supplie.d by She.ll Nige.ria E.xploration and

Production Company (SNE.PCO) through The. Dire.ctorate. of Pe.trole.um Re.source .s (DPR)

are.:

i. Ditch cuttings

ii. Gamma-ray. logs

3.2 Methods

3.2.1 Lithologic description

Physical obse.rvation of ditch cuttings and gamma ray logs we.re. use.d in de.scribing the.

stratigraphic inte.rvals studie.d. The. parame.te.rs obse.rve.d are. the. rock type.s, the. colour and

the. sorting of the. sample.s at e.ach inte.rval.

3.2.2 Palynological Pre.paration Me.thod

Palynological analyse.s was carrie.d out at E.arth Se.arch and Se.rvice.s Limite.d, Lagos.

Sample.s we.re. pre.pare.d using the. standard palynological acid te.chnique. of (Ridings e.t al.,

2007). Palynological proce .ssing, analysis and inte.rpre.tation we.re. carrie.d out on forty-nine.

(49) ditch cutting sample.s of the. IDM-4 we.ll. Laboratory proce.ssing was done. to e.xtract

the. palynomorphs from the. se.dime.nts with the. use. of inorganic re.age.nts such as

hydrochloric acid (HCl), hydrofluoric acid (HF) and nitric acid (HNO3) at spe.cific

conce.ntrations in a fume. cupboard.
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All analytical proce.dure.s discusse.d be.low are. conducte.d unde.r strict adhe.re.nce. to safe.ty

re.quire.me.nts such as:

i. Re.stricting all ope.rations to an e.fficie.nt fume. chambe.r.

ii. Use. of pe.rsonal prote.ctive. safe.ty e.quipme.nt (safe .ty boots, laboratory coats, face.

shie.ld, glove.s and PVC apron).

iii. Accurate. obse.rvation throughout the. proce.dure. is also unde.rtake.n.

3.2.3 Acid Dige.stion/Cle.aning

Sample.s are. arrange.d se.que.ntially in batche.s composite.d in 30 ft inte.rval. The. sample.s

we.re. washe.d with wate.r in be.ake.rs.

The. ste.ps involve.d are. give.n be.low:

i. 25 grams of sample. is place.d in a 250 ml polypropyle.ne. be.ake.r.

ii. A 10. solution of HCl was adde.d, watching for an ove.rtly viole.nt re.action that is

dampe.ne.d with an atomize.d spray of distille.d wate.r from a spray bottle.. This

minimize.s the. dilution of the. acid.

iii. The. sample.s we.re. ke.pt for thre.e. hours to allow the. carbonate.s to dissolve..

iv. The. HCl was de.cante.d. Distille.d wate.r was adde.d and allowe.d to se.ttle. and

de.cante.d again. The. sample. was dilute.d and de.cante.d thre.e. time.s to re.move. any

re.maining calcium ion that can produce. a pre.cipitate. whe.n HF is adde.d.

v. 70. HF was adde.d and watche.d for any viole.nt re.action, which is dampe.ne.d with

distille.d wate.r as above.. The. sample. in HF was stirre.d and le.ft ove.rnight to e.nable.

dige.stion.
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vi. The. dige .ste.d sample. is poure.d into a 50 ml polypropyle .ne. te.st tube. and ce.ntrifuge.

for five. minute.s at 2,000 RPM. The. top of the. use.d HF was care.fully de.cante.d.

vii. Distille.d wate.r was adde.d while. vorte.xing and ce.ntrifuging ware. done. for two

minute.s, (re .pe.ate.d until ne.utral).

viii. To allow for a be.tte.r he.avy liquid se.paration, a fe.w drops of conce.ntrate.d HCl are.

adde.d to the. sample. afte.r which wate.r was adde.d and ce.ntrifuge.d for four minute.s.

3.2.4 Oxidation

i. 3 ml. of 70. conce .ntrate.d HNO3 was place.d on to the. re.sidue. and it was stirre.d

ge.ntly.

The. tube. was place.d in a hot wate.r bath for a fe.w minute.s.

ii. The. acid was re.move.d by washing and ce.ntrifuging until ne.utral. Sme.ar of re.sidue.

was che.cke.d to se.e. if oxidation is sufficie.nt (the. le.ve.l of oxidation re.quire.d by e.ach

sample. is close.ly monitore.d unde.r a palynological microscope.).

iii. 10. solution of KOH was adde.d (and place .d in hot wate.r bath) for two minute.s. It

was ce.ntrifuge.d and washe.d thre.e. time.s. This e.nsure.d the. re.moval of humic acid.

iv. The. re.sidue. was e.xamine.d to de.te.rmine. if the. de.sire.d le.ve.l of oxidation has be.e.n

achie.ve.d. If furthe.r oxidation is re.quire.d, the. proce.dure. re.pe.ate.d.

v. Sample. was the.n sie.ve.d using polypropyle.ne. sie.ve. frame.s with 5 and 150-micron

nite.x scre.e.n clothe. (sie.ve.) which is discarde.d afte.r e.ach sample..

vi. Staining of re.sidue. with Safranin was done. to e.nhance . photomicrography.

3.3 Palynofacie.s Slide.s:
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One. third of the. floating organic matte.r obtaine.d during palynological proce.ssing is

re.move.d and sie.ve.d with 5-micron disposable. sie.ve.s. One. slide. of the. unoxidise.d sample.

re.sidue. is pre.pare .d using the. proce.dure.s state.d be.low.

3.3.1 Mounting of Slide.s

i. The. 5 microns sie.ve.d fractions are. pipe.tte.d off and mixe.d in one. drop of polyvinyl

alcohol with a glass rod.

ii. Whe.n the. polyvinyl alcohol/re.sidue. has drie.d, one. drop of cle.ar casting (Pe.tropoxy-

154) re.sin was adde.d and the. 32x22mm cove .r slip was turne.d and se.ale.d.

Pe.rmane.nt curing occurs in approximate.ly one. hour.

3.4 Obse.rvation of Ke.roge.n Colours

In orde.r to ge .t the. colour maturity indice.s of the. se.dime.nts, Pe.arson’s colour chart was

use.d (Figure . 3). The. colour range.s show the. diffe.re.nt phase.s of hydrocarbon in the.

se.dime.ntary se.ction.

3.5 Data Capturing

The. data ge .ne.rate.d from the. analysis are. capture.d in the. database. in Stratabug and save.d in

re.adable. format as CSV, which is acce.ssible. to othe.r nume.rical software ..
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Figure. 3: Pe.arson’s colour chart compare.d with organic the.rmal maturity, TAI and vitrinite.

re.fle.ctance . (Trave.rse., 1994).

CHAPTER FOUR
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4.0 PRESENTATION AND DISCUSSION OF RESULTS

4.1 Data Presentation

The. re.sults of palynological analysis are. pre.se.nte.d on distribution charts showing age.,

biozone.s, lithology, abundance., dive.rsity and phytoe.cological groupings. The. distribution

charts are. produce.d on a scale. of 1:5000.

4.2 Palynostratigraphy of the IDM-4 We .ll (6030-7990 ft)

Mode.rate.ly abundant and dive.rse. palynomorphs we.re. re.cove.re.d and use.d to de.duce. the.

age. and possible. e.nvironme.nt of de.position of the. studie.d inte.rval.

Contine.ntal and transitional e.nvironme.nts spe.cie.s such as le.oitrile.te.s adrie.nsis,

Lae.vigatosporite.s sp., Ve.rrucatosporite.s sp., Sapotace.oidae.polle.nite.s sp., Zonocostite.s

ramonae. and Re.titricolporite.s irre.gularis quantitative.ly dominate.d the. asse.mblage..

4.2.1 Biozonation of IDM-4

Base.d on the. stratigraphic occurre.nce. of marke.r spe.cie.s, two (2) formal biozone.s we.re.

e.re.cte.d: Pachyde.rmite.s die.de.rixi (Asse.mblage.) Zone. and Crassore.titrile.te.s

vanraadshoove.ni (Taxon range.) Zone. for IDM 4. The.se. we.re. corre .late.d with the. P680 and

P720 Zone.s of E.vamy e.t al., (1978) and the. Ve.rrutricolporite.s rotundiporus -

Crassore.titrile.te.s vanraadshove.ni palynological zone.s of Ge.rme.raad e.t al. (1968). Thus,

an E.arly to Middle. Mioce.ne. age. is inte.rpre.te.d for the. Idama-4 we.ll (6030-7990ft.). De.tails

are. succinctly discusse.d be.low and shown as figure. 1.

Pachyde.rmite.s die.de.rixi Zone. (Asse.mblage. Zone.)
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Inte.rval: 7000-7990 ft.

Age.: E.arly Mioce.ne.

Re.late.d palynological zone.: P680 (E.vamy e.t al., (1978)

Discussion: The. zone. is an asse.mblage. zone. be.cause. of the. abundant pre.se.nce.

Magnastriatite.s howardi. Ve.rrutricoporite. rotundiporus and Race.monocolporite.s usme.nsis.

The. top of this zone. is marke.d by the. base. occurre.nce. of Crassore.titrile.te.s vanraadshove.ni

at 7000 ft. The. base. is marke.d by the. top occurre.nce. of the. sample. analyse.d. It is the. olde.st

zone. and is furthe.r characte.rise.d by the. mode.rate.ly abundant occurre.nce. of Prae.dapollis

fle.xibilis at 7450 ft., common Zonocostite.s ramonae., Sapotace.oidae.polle.nite.s sp.

Re.titricolporite.s irre.gularis and fre.sh wate.r algae.-Botryococcus braunii. This zone. also

re.late.s to the. Ve.rrutricolporite.s rotundiporus Zone. of Ge.rme.raad e.t al., (1968).

Crassore.titrile.te.s vanraadshoove.ni Zone.

Inte.rval: 6030-7000 ft.

Age.: Middle. Mioce.ne.

Re.late.d palynological Zone.: P720 (E.vamy e.t al., (1978))

Discussion: It is a taxon range. zone.. The. top of the. zone. marke.d by last appe.arance.

occurre.nce. of Crassore.titrile.te.s vanraadshove.ni at 6030 ft while. the. base. is marke.d by the.

base. occurre.nce. of Crassore.titrile.te.s vanraadshove.ni at 7000 ft. Common to abundant

occurre.nce.s of Magnastriatite.s howardi (make.s a possible. quantitative. top occurre.nce. at

6190 ft). Psilatricolporite.scrassus, Lae.vigatosporite.s sp., Le.oitrile.te.s adrie.nsis and
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Polypodiace.oisporite.s sp. also characte .rize.d this zone.. This zone. also re.late.s to the.

Crassore.titrile.te.s vanraadshove.ni Zone. of Ge.rme.raad e.t al., (1968).

4.2.2 Biozonation of IDM-5 We.ll

Two (2) formal palynological zone.s are. de.fine.d for the. studie.d inte.rval name.ly

Spirosyncoporite. bruni -Polipodiace.oisporite.s sp (inte.rval) Zone. and

Sapotace.oidae.pollinite.s sp – Are.cipite.s e.xilimuratus (inte.rval) Zone.. The.se. are. base.d on

the. stratigraphic occurre.nce.s and distribution of diagnostic palynomorphs. The.se. zone.s

corre.late. with the. P650 and P670 - P680 palyzone.s of E.vamy e.t al., (1978) and the.

Ve.rrutricolporite.s rotundiporus zone. of Ge.rme.raad e.t al., (1968). Thus, an E.arly Mioce.ne.

age. is inte.rpre.te.d for the. Idama-5 we.ll (10000-11700ft.). De.tails are. give.n be.low and

graphically shown as figure. 6.

Spirosyncoporite. bruni -Polipodiace.oisporite.s sp (inte.rval) Zone.

Inte.rval: 11050-11700 ft

Age.: E.arly Mioce.ne.

Re.late.d palynological zone.: P650 (E.vamy e.t al., (1978)).

Discussion: The. top of this zone. is de.fine.d by the. quantitative. base. occurre.nce. of

Spirosyncoporite. bruni at 11110 ft while. the. top is marke.d by the. quantitative. first

downhole. occurre.nce. of Polipodiace.oisporite.s sp. The. zone. is furthe.r de.fine.d by the.

occurre.nce. of Ve.rrucatosporite.s usme.nsis, Prae.dapollis fle.xibilis and mode.rate.ly abundant

Zonocostite.s ramonae.. This zone. is also re.late.d to the. Ve.rrutricolporite.s rotundiporus Zone.

of Ge.rme.raad e.t al., (1968).
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Figure. 4: Palynofacie.s distribution chart of IDM-4 we.ll of the. Nige.r-De.lta
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Figure. 5: Palynozone.s ide.ntifie.d in the. IDM-4 we.ll (6030-7990ft.)
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1. Crassoretitrilet
es

2. Lingulodinium
machaerophorum.

3.
Verrucatosporites

6. Acrostichum

9. Psilatricolporites crassus.
8. Racemonocolpites hians.7. Botryococcus braunii.

10. Spiniferites sp. 11. Magnastriatites howardi.

12. Zonocostites ramonae.

5. Pachydermites diederixi.
4. Praedapollis flexibilis.

PLATE. I: Photomicrograph of IDM-4 Well
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Sapotace.oidae.polle.nite. sp. - Are.cipite.s e.xilimuratus (inte.rval) Zone.

Inte.rval: 10000- 11050 ft

Age.: Middle. Mioce.ne.

Re.late.d palynological zone.: P670-P680 (E.vamy e.t al., (1978)).

Discussion: The. top of this zone. is marke.d by the. last downhole. occurre.nce. of

Sapotace.oidal polle.nite.s sp. at 10000 ft. The. base. is marke.d by first downhole. occurre.nce.

of Are.cipite.s e.xilimuratus at 11050 ft. The. zone. is also de.fine.d by the. occurre.nce. of

Striamonocolpite.s re.ctotriatus, Magnastriatite.s howardi, Pachyde.rmite.s die.de.rixi,

Psilatricolporite.s incacinoide.s. This zone. is also re.late.d to Ve.rrutricolporite.s rotundiporus

of Ge.rme.raad e.t al., (1978).
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Figure. 6: Palynofacie.s distribution chart of IDM-5 we.ll of the. Nige.r-De.lta.
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Figure. 7: Palynozone.s ide.ntifie.d in the. IDM-5 we.ll (10000- 11700 ft)
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12. Sapotaceae.11.
Striamonocolpites

10. Magnastriatites
howardi.

7. Acrostichum
aureum.

8. Pachydermites diederixi. 9. Praedapollis flexibilis.

6. Retitricolporites irregularis.

5
5. Zonocostites ramonae.

4. Monoporites annulatus.

1. Verrucatosporites usmensis. 2. Polypodiaceoisporites sp.
3. Fungal spore.

PLATE. II: Photomicrograph of IDM-5 Well
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4.3 Palynomace.rals of IDM-4 and IDM-5 We.lls

Five. cate.gorie.s of palynomace.rals we.re. de.te.rmine.d in IDM-4 and IDM-5 we.lls. The.y are.:

i. Amorphous Plant Matte.r (PM I)

ii. Cuticle. and Me.mbranous De.bris (PM III)

iii. Platy Trache.idal De.bris (PM IV)

iv. Vitrinitic Matte.r (PM II)

v. Structure.le.ss Organic Matte.r

Figures. 8 and 9 show the. pe.rce.ntage. occurre.nce. of the. palynomace.rals in IDM-4 and IDM-

5 re.spe.ctive.ly.
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Figure. 8: Percentage occurrence of Palynomacerals of IDM-4 Well.
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Figure. 9: Percentage occurrence of Palynomacerals of IDM-5 Well.
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4.4 Pale.oe.nvironme.ntal Inte.rpre.tations

4.4.1 Pale.oe.nvironme.ntal Inte.rpre.tation of IDM-4 We.ll

Unoxidize.d slide.s we.re. produce .d for palynofacie.s studie.s of the. Idama-4 we.ll.. The. re.sults

we.re. inte.grate.d with abundance.s of mangrove. spe.cie.s and fre.sh wate.r algae. to sugge .st

possible. e.nvironme.nt of de.position.

The. de.positional e.nvironme.nt of the. studie.d inte.rval is inte.rpre.te.d to range. be.twe.e.n

Mangrove. and Shore.face. e.nvironme.nts.

6030-6450 ft. – Shore.face. De.positional E.nvironme .nt.

This e.nvironme.nt is characte.rize.d by the. following:

i. Abundant occurre.nce. of Palynomace.ral IV and I.

ii. Common occurre.nce. of Palynomace.ral II and III

iii. Common occurre.nce. of fre.sh wate.r algae. – Botryococcusbraunii and

iv. Common occurre.nce. of Mangrove. spe.cie.s – Zonocostite.s ramonae..

6450-6730 ft – Channe.l De.positional E.nvironme .nt

This de.positional e.nvironme.nt is characte.rise.d by the. following:

i. High re.cords of Palynomace.ral I and II

ii. Low counts of Palynomace.ral IV

iii. Re.lative.ly low occurre.nce. of Palynomace.ral III and

iv. Common occurre.nce. of Rainfore.st spe.cie.s.
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6730-7990 ft. – Mangrove. – Shore.face. De.positional E .nvironme.nt.

i. Common to abundant occurre.nce. of Zonocostite.s ramonae.

ii. Common pre.se.nce. of sporomorphs

iii. Mode.rate.ly abundant Botryococcus braunii

iv. Abundant Palynomace.ral I and II

v. Common occurre.nce. of Palynomace.ral III and IV.

Figure. 10 shows the. palynofacie.s associations which was use.d to de.te.rmine. the.

e.nvironme.nt of de.position of IDM-4 we.ll of the. Nige.r-De.lta.

Figure. 10: Palynofacie.s association of the. IDM-4 (6070-7990 ft)
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4.4.2 Pale.oe.nvironme.ntal Inte.rpre.tation of the. IDM-5 We.ll

The. pale.oe.nvironme.ntal synthe.sis was carrie.d out by inte.grating the. re.sults of the. analysis

of the. unoxidize.d slide.s. with the. abundance.s of Zonocostite.s ramonae., fre.sh wate.r algae .

and sporomorphs.

Base.d on the. publishe.d work of Oye .de. (1991), the. de.positional e.nvironme.nt of the. studie.d

inte.rval is inte.rpre.te.d to pre.dominantly range . be.twe.e.n Mangrove. and Channe.l de.positional

e.nvironme.nts, howe.ve.r a pe.riod of Shore.face. de.positional e.nvironme.nt was inte.rpre.te.d for

the. uppe.r se.ction of the. we.ll. De.tails are. give.n be.low;

10000-10420 ft – Shore.face. De.positional E.nvironme .nt

 Abundant occurre.nce. of Palynomace.ral I and IV

 Common occurre.nce. of Palynomace.ral II and III

 Abundant Botryococcus braunii

 Common occurre.nce. of mangrove. spe.cie.s – Zonocostite.s ramonae.

10420-10600 ft. – Channe.l De.positional E.nvironme .nt

 Low occurre.nce. of Palynomace.ral IV and III

 High fre.que.ncie.s of Palynomace.ral I and II

 Low re.cords of Zonocostite.s ramonae..

10600-11290 ft. – Mangrove. De.positional E.nvironme.nt

 Abundant occurre.nce. of Palynomace.ral I and II

 Common Palynomace.ral III
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 Low counts of Palynomace.ral IV

 Common occurre.nce. of Botryococcus braunii

 Abundant Zonocostite.s ramonae.

11290-11700 ft. – Mangrove. – Channe.l De.positional E .nvironme.nt.

 High re.cords of Palynomace.ral I and II

 Common Palynomace.ral IV

 Low counts of Palynomace.ral IV

 Common occurre.nce. of rainfore.st spe.cie.s

 Abundant Botryococcus brauniiand Zonocostite.s ramonae.

 Common Structure.le.ss Organic Matte.r (SOM)

Figure. 11 shows the. palynofacie.s associations which de.te.rmine.s the. e.nvironme.nt of

de.position of IDM-5 we.ll of the. Nige.r-De.lta.
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Figure. 11: Palynofacie .s association of the. IDM-5 (10030- 11700 ft)

4.5 The.rmal Maturation

The.rmal maturity is the. e.xte.nt of he.at-drive.n re.actions that alte.r the. composition of organic

matte.r (conve.rsion of se.dime.ntary organic matte.r to pe.trole.um or cracking of oil to gas).

Whe.n standard Pe.arson’s colour chat was use.d to compare. the. colour change.s, the. colour

and the. corre.sponding organic products of re.cove.rd palynofacie.s at diffe.re.nt de.pth

inte.rvals for IDM-4 and IDM-5 we.lls are. give.n as in table. 1 and table. 2 be.low.
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Figure. 12: Interpretation of the thermal maturation of the kerogen for IDM-4 Well.
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Figure. 13: Interpretation of the thermal maturation of the kerogen for IDM-5 Well.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

5.1. Conclusion

Base.d on the. outcome. this study, the. following conclusions we.re. re.ache.d:

 Formal biozonation we.re. re.ache.d for the. two we.lls. The.y are. Pachyde.rmite.s

die.de.rixi (Asse.mblage.) Zone. and Crassore.titrile.te.s vanraadshoove.ni (Taxon range.)

Zone. for IDM-4 and Spirosyncoporite. bruni -Polipodiace.oisporite.s sp (Inte.rval

Range.) Zone. and Sapotace.oidae.polle.nite. sp. - Are.cipite.s e.xilimuratus (Inte.rval)

Zone. for IDM-5.

 The. de.positional e.nvironme.nt of IDM-4 is inte.rpre.te.d to range. from Mangrove . to

Shore.face. e.nvironme.nts while. the. de.positional e.nvironme.nt of the. studie.d inte.rval

is inte.rpre.te.d to pre.dominantly range. be.twe.e.n Mangrove. and Channe.l de.positional

e.nvironme.nts.

 For IDM-4 we.ll, the. inte.rvals such as 6050, 6150, 6400- 6600, 6900- 6950 ft are. the.

inte.rvals that show the. mature. phase. of liquid indicating e.arly stage.s of maturity

while. inte.rvals 6100, 6200- 6400, 6600- 6900, 6950- 7950 ft are. the. phase. of dry

gas indicating ve.ry high stage.s of maturity. For IDM-5 we.ll, inte.rvals 10000 -10950

are. the. phase.s of dry gas indicating ve.ry high stage.s of maturity while. inte.rvals

10950- 11025 ft and 11450-11700 ft are. the. phase.s of mature. liquid oil indicating

e.arly stage.s of maturity.
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5.2 Recommendation

It is re.comme.nde.d that othe.r me.thods such as se.ismic me.thod, se.dime.ntological

e.xamination be. incorporate.d to palynofacie.s analysis in orde.r to make. more. accurate. and

re.liable. de.ductions for pe.trole.um prospe.ction.
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