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ARTICLE INFORMATION ABSTRACT

Article history. The study area is synonymous with poor reservafiop@ance which is
Received: 01 Jan. 2024 evidenced after physical investigation was carriest by SEPLAT
Revised: 11 May 2024 drilling and production team. Hence, wells are damsly serviced to
Accepted: 21 May 2024 burst production. This led to the evaluation of slbsurface geology of

the study area using well logs, and biostratigragtata, to acquire a
better understanding of the geological age and dijomal environment
of the study area. Five Maximum Flooding Surfacht3) were

Available online: 30 Jun. 2024

Keywords delineated and correlated across the field and viewy marker faunas
Faunas were present due to its proximity to the sgrfacd trey are c_Jf Late
Pliocene Mlo_cene to Early Ple]stocene age as establlshgdugln the delmeat_ed
. regional seal of marine transgression. Also, sixju&mce Boundaries
Plelgtocene . (SB) were delineated and correlated across all svellthe study from
Maximum flooding _surfaces oldest to youngest sequence. The oldest sequenceldry delineated
Sequence boundaries was dated SB_4.1 ma. This surface represents dasitia$ erosional

surface de ned before the MFS_3.8 ma. Other sequdraundaries
delineated are dated 3.7, 3.0, 2.4, 1.6 and 0.8respectively. This
corroborates with SPDC (2010) and the work of otfemearchers in the
Niger-Delta oil field.
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1. INTRODUCTION

Sapele Shallow as the name implies, is made upalfosv reservoirs with heavy oil as its hydrocarbon
content. The field is in the Northwestern parthaf Niger Delta, which has been actively producorgofver

3 decades, and for the past few years has beenexgrg production decline and sometimes failetswe
Thus, there is a need to approach the study artta ami improved reservoir evaluation for a better
understanding of the geologic age, depositionairenment, and complexities of the field, to improve
hydrocarbon recovery from existing oil and gas mesies of the study area (Mujakperuo and Airen, 202

Sapele shallow field is one of the fields in thg&iDelta Basin, located in the Northwestern Portibthe
Delta. The Niger Delta Basin to date is the moslific and economic sedimentary basin in Nigeriavivjue
of the impact size of petroleum accumulations disced and produced, as well as the spatial distoibu
of the petroleum resources to the onshore andramttl shelf through Deepwater terrains (Godwirl,620
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Classic integrated geological studies have showhgbveral different depobelts are abound in thgeNi
Delta basin.

Previous studies have shown that the Niger DeltsrBlaas spectacularly maintained a thick sedimgntar
apron and salient petroleum geological featuresufeable for petroleum generation, expulsion angirsg
from the onshore through the continental shelf @nthe deep-water terrains (Kalu, 2020). Accordimg
Weber and Daukoru (1975), Avbovbo (1978), the modeiger Delta is made up of three subsurface
stratigraphic units. The delta sequence is maisiycession of marine clays (Akata Formation) @retby
paralic sediments (Agbada Formation) which weralfjncapped by continental sands (Benin Formation).

The source rocks for the petroleum accumulationiserNiger Delta has been a controversial subgmmme
workers favour the shales of the Agbada Format®nha main source rock (Short and Stauble, 1967,
Lambert-Aikionbare, 1982). Whereas others belidve main source to be the marine Akata Formation
(Weber and Daukoru 1975; Ekweozor and Daukoru, 1 &brt and Stauble, (1967) and Frankl and Cordy,
(1967) were the first to propose an origin from Agbada Formation, but were challenged by Weber and
Daukoru, (1975) and Ekweozor and Daukoru, (1984) alaimed that in most parts of the delta, the Agba
Formation is immature. They sought a source within Akata shales, which they expected would be a
better-quality source because there were deepemamd mature than the Agbada shales (Doust and
Omatsola, 1990).

The main source rock in the Niger Delta is relatethe position of the oil generative window (OG@er
time (Evamyet al.,1978; Ejedawe, 1981). In the central part of tiéedvhere the OGW is very deep, Akata
shale is believed to be mainly gas generating,evijbada shale is the main oil source. In the weslelta,
the OGW lies within the Agbada Formation, and ithis main oil source, whereas the underlying Akata
shale is the main gas source. In the eastern dheltegver, the Agbada Formation is relatively thial ahe
top of the OGW lies well within the Akata shaledjigh are the main source of hydrocarbons in tres.ar
Bustin (1988), established that it is a mixturaypie 2 kerogen (characterized by the relativelyrbgen-
rich maceral exinite, e.g. spores and pollen of fglants, primarily marine phytoplankton cysts) &k 3
kerogen (contains sufficient hydrogen to be gaggdive but not enough hydrogen to be oil proné)cty
generates light oil and gas respectively, Ejedeirad., (1984), suggested that thermal conditions ratiean t
kerogen type is the main factor influencing oil aya occurrence in the Niger Delta. Tissbal., (1987)
also supported this conclusion.

In general, migration of generated hydrocarbon gaist the cessation of sedimentation and structural
deformation. In some places, migration is very lara occurred from the paralic shales into thedsan
Weber (1971), proposed that when the overpres$ialeson the up thrown side of a fault are juxtapgos
against hydrostatic pressured sands on the dowwitside, cross fault migration takes place dysdégsure
differential.

Allen (1964), Hospers (1971), Burla al., (1972) and Whiteman (1982), establish in deth#, history,
evolution, and structural features of the Nigert®.ebtoneley (1966), examined the mega tectoniimgetf
the Niger Delta. The syn-sedimentary tectonicsheftertiary delta was extensively analyzed by Evemy
al., (1978).

According to Lehner and De Ruiter (1977), the teitdramework of the continental margin in the Nige
Delta is controlled by Cretaceous fracture zongsessed as trenches and ridges in the deep Atldia
fracture zone ridges divide the margin into indiaatibasins and in Nigeria, form the boundary faoftthe
Cretaceous Benue-Abakaliki trough, which cuts em&rénto the West African shield. The trough repnése

a failed arm of a rift triple junction associatedhiathe opening of the South Atlantic. In this @i rifting
started in the Late Jurassic and persisted intoMiddle Cretaceous. Asseez (1976), reviewed the
stratigraphy, sedimentation, and structures oNiiger Delta. Merki (1972), described the structgedlogy

of the Tertiary Niger Delta, which is on the overkequence that is deformed by syn-sedimentartirfgul
and folding. Ekweozor and Daukoru (1984, 1994)sentéed a detailed report on the petroleum geolody a
stratigraphy of the Niger Delta showing the relasioip between depositional patterns, structures and
stratigraphy and their influence on the oil gerierain the Niger Delta basin.
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Weber and Daukoru (1975), Doust and Omatsola (1%8ljerset al.,(2011) ,Nton and Adebambo (2009),
Nton and Adesina (2009), gave a detailed explanato the tectonic, stratigraphy, depositional
environment, petrophysics, sedimentology and hyahman potential of the Niger Delta. The Niger Dgelta
on the passive western margin of Africa, has loegrtrecognized as a classic example of continerdadin
structural collapse under sediment loading (Khaligaod Kerimov, 1983; Morley, 1992).

2. MATERIALS AND METHODS

2.1. Study Area

Sapele shallow field is an onshore field of OML 4dgated in the Northwestern part (Greater Ughelli
depobelt) of the Niger Delta oil province (Figure It lies within Latitude 853’ 54.43” N and Longitude

50 33’ 42.22” E. This study area was chosen duest@dimplex subsurface structure and poor reservoir
production.
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Figure 1: Location map of Niger Delta Depobelts showingstbdy area (Reijerst al.,2011).

2.2. Data Collection

Well log data and biostratigraphic data from thedgtarea were used in carrying out this researbbsd
subsurface data belong to Seplat Petroleum Devaop@ompany Plcand were released under the approval
of the Department of Petroleum Resources (DPR)efig The data were calibrated using the estaldishe
zonation schemes contained in tBEDC, 2010Niger Delta Chronostratigraphic Chart (Figure by a
Cenozoic Chronostratigraphic ChartRibw (1969) Berggreret al(1995andWade et al (2011)s shown

in Figures 2 and 3 respectively. These surface ato correlated on well logs and mapped acrass th
seismic volume respectively to determine theiraiasi age using the combined benthonic, planktonit, a
palynomorph index species. Interpreted biostrapigi@ data (palynological P-zone and foraminifera F-
zones) and biofacies data comprising planktonidemdhic foraminifera abundance and diversity wesed

for delineating stratigraphic bounding surfacesisTihformation was calibrated, and depth matchetth wi
corresponding well logs. Well log suites were digpld at consistent scales to enhance log trendaidnd
lithofacies delineation and stacking pattern redbgm
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Figure 3: Planktonic foraminifera bioevents for neogene aedgleogeneWade et al., 2011)

3. RESULTS AND DISCUSSION

3.1. Maximum Flooding Surface

From Figure 5, five (5) Maximum Flooding Surfac®#~S) were delineated and correlated across Sapele

Shallow field and very few markers fauna was predee to its proximity to the surface and they afre
Pliocene to Pleistocene age which agrees withitickénfys of Okosun et al., (2012).

3.2. 3.8 ma Maximum Flooding Surface (MFS_3.8)

This was correlated across all wells (Sapele 2fiefea22, Sapele 29, Sapele 30, Sapele 31 and SH)ele
in the Shallow field and was dated 3.8 ma usind Zagional marker. This surface occurred within 88
and F9900 biozones. The formation of this sequended with sea-level fall (regression) at 3.7 Maictv
marks the extinction of Globorotalia tumida of #exly Pliocene.
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3.3. 3.3 ma Maximum Flooding Surface (MFS_3.3)

This was correlated across all wells in the shafield and was dated 3.3 using Za-2 regional markieis
MFS occurred within P880 and F9900 biozones. Thadtion of this sequence ended with sea-level fall
(regression) at 3.0 Ma, which marks the extinctid@loborotalia margaritae of the middle Pliocene.

Figure 5: Sapele shallow maximum flooding surface age latioe panel

3.4. 2.6 ma Maximum Flooding Surface (MFS_2.6)

This was correlated across all wells in the shallield and was dated 2.6 using Pia-1 regional nrarke

This MFS occurred within P900 and F9900 biozonég formation of this sequence ended with sea-level
fall (regression) at 2.4 Ma, which marks the extot of Sphaeroidinellopsis seminulina of the late

Pliocene.

3.5. 2.0 ma Maximum Flooding Surface (MFS_2.0)

This was correlated across all wells in the shalleld and was dated 2.0 using Pia-2 regional nrarke
This MFS occurred within P900 and F9900 biozonég formation of this sequence ended with sea-level
fall (regression) at 1.6 Ma, which marks the extmt of Globigerinoides fistulosus of the early
Pleistocene.

3.6. 1.3 ma Maximum Flooding Surface (MFS_1.3)

This was correlated across all wells in the shafield and was dated 1.3ma using Gel-1 regionakerar
This MFS occurred within P900 and F9900 biozonég formation of this sequence ended with sea-level
fall (regression) at 0.8 Ma, which marks the exiort of Globorotalia tosaensis of the late early
Pleistocene.
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Table 1: Sapele shallow mfs, marker fauna and biozones

3.7. Sequence Boundary

Six sequence boundaries were delineated and dededaross all wells in the study area from oldest
youngest sequence (Figure 6). The oldest sequencelbry delineated was dated SB_4.1 ma. This surfac
represents a substantial erosional surface de reddré the MFS_3.8 ma. Other sequence boundaries
delineated are dated 3.7, 3.0, 2.4, 1.6 and 0.Bespectively (Table I).

Figure 6: Sapele shallow sequence boundary age c@netstnel
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3.8. Depositional Sequence

Six (6) depositional sequence delineated from olbegoungest in Sapele shallow are of LittoraDioter
Neritic age (Table 2). These sequences are detaéliedv:

3.8.1. Sequence nine (SEQ 9)

This mark the first depositional sequence of thallstv field which has an average thickness of 30 m
(100.7 ft) thick and is bounded top by 3.8 Ma maximflooding surface. The Lowstand System Tract
(LST) sands are interpreted as middle shorefacgssaeposited in the continental shelf region dusieg
level fall. The Transgressive System Tract (TSTi) ofthis sequence is capped by the 3.8 ma MF&enar
(Za-1). This Sequence was deposited in the MiddleeNeritic (MN-ON) setting and its stacking patie

is progradational.

3.8.2. Sequence ten (SEQ 10)

This mark the second depositional sequence oftthiosy field which has an average thickness of 57.9
(191.1 ft) thick and is bounded top and bottom B/ i@a and 3.8 Ma maximum flooding surface. The
Lowstand System Tract (LST) sands are interpresadiddle shoreface sands deposited in the consihent
shelf region during sea level fall. The Transgnesslystem Tract (TST) unit of this sequence is edyy
the 3.3 Ma MFS marker (Za-2). This Sequence waesgitgul in the Middle-Outer Neritic (MN-ON) setting
and its stacking patterns is progradational.

3.8.3. Sequence eleven (SEQ 11)

This sequence has an average thickness of 60.9%9i/(1t) thick and is bounded top and bottom by 2.6
Ma and 3.3 Ma maximum flooding surface. The Lowdt8gstem Tract (LST) sand is interpreted as middle
shoreface sands deposited in the continental sbgithn during sea level fall. The Transgressivete&Sys
Tract (TST) unit of this sequence is capped by 2te Ma MFS marker (Pia-1). This Sequence was
deposited in the Middle-Outer Neritic (MN-ON) sagfiand its stacking patterns is progradational.

3.8.4. Sequence twelve (SEQ 12)

This sequence has an average thickness of 44.3l&m3(1t) thick and is bounded top and bottom by 2.0
Ma and 2.6 Ma maximum flooding surface respectivélye Lowstand System Tract (LST) sands are
interpreted as upper shoreface sand depositeceicdhtinental shelf region during sea level fatheT
Transgressive System Tract (TST) unit of this sageés capped by the 2.0 Ma MFS marker (Pia-2)s Thi
Sequence was deposited in the Inner Neritic to Miditeritic (IN-MN) setting and its stacking patteris
progradational.

3.8.5. Sequence thirteen (SEQ 13)

This sequence has an average thickness of 42.916(1t) thick and is bounded top and bottom by 1.3
Ma and 2.0 Ma maximum flooding surface, respecjivéhe Lowstand System Tract (LST) sands are
interpreted as upper shoreface sand depositeceicdhtinental shelf region during sea level fatheT
Transgressive System Tract (TST) unit of this seqeds capped by the 1.3 Ma MFS marker (Gel-1-
Absent Fauna). This Sequence was deposited initioedl to Inner Neritic (LI-IN) setting and itsastking
patterns is progradational.

3.8.6. Sequence fourteen (SEQ 14)

This sequence has an average thickness of 51.89r/(ft) thick from the point it was captured oe tbg,

but it extends above that point and is boundedbotty 1.3 Ma maximum flooding surface, the MFS
bounding the top could not be seen or determinkd.owstand System Tract (LST) sand is interpreted
as upper shoreface sand, deposited in the cordin@atn region during sea level fall. The MFS thaps
the Transgressive System Tract (TST) unit of thiguence could not be determined (not captured@n th
well log). This Sequence was deposited in the taftbo Inner Neritic (LI-IN) setting and its staokj
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patterns is progradational. The well logs signateveals that all sequences in Sapele shallowdbehibits
progradational stacking pattern (Even Block Shapgrh implies that the rate of sediment depositfon
greater than the rate of sediment accommodatiois. 8dgrees with Emery and Myers (1996) and Van-
Wagoneret al (1990).

Table 2: Sapele shallow delineated sequence boundary and age

3.9. ldentified Datum Markers
3.9.1. Late miocene

The upper limit of the late Miocene is marked @2en (6814.5 ft) based on the last down hole oetue
(LDO) of both Globigerinoides extremus and Globaliatlenguaensis. The lower limit, however, is neark

at 3175 m (10477.5 ft) based on the first down belurrence (FDO) of both Globoturborotalita nepest
and Neogloboquadrina acostaensis (Table 3). Otlakionic forms present here are Paragloborotalia
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mayeri, Globorotalia plesiotumida and Cassigerneliipolensis. This age cut across both sapele aiedp
sapele shallow.

3.9.2. Early pliocene

The upper limit of the early Pliocene is markel@&5 m (3481.5 ft) based on the last down holeroenue
(LDO) of Globorotalia margaritae. The lower linfipwever, is marked at 1225 m (4042.5 ft) basedten t
first down hole occurrence (FDO) of both Globoriataimida and Globorotalia cibaoensis. Other plaimict
forms present here are Globoturborotalita nepergthdsSphaeroidinella dehiscens.

3.9.3. Late pliocene

The upper limit of the late Pliocene is marked&t tn (3224.1 ft) based on the last down hole oetue
(LDO) of Dentoglobigerina altispira. The lower lirihowever, is marked at 1138 m (3755.4 ft) basedie
First Downhole Occurrence (FDO) of Sphaeroidinaisfseminulina. Other planktonic forms present are
Globorotalia miocenica and Globorotalia pseudomiaze

3.9.4. Pleistocene

The upper limit of the late Pliocene is marked@il h (3168 ft) based on the Last Downhole Occugenc
(LDO) of Globorotalia tosaensis. The lower limigvever, is marked at 1138 m (3755.4 ft) based on th
First Downhole Occurrence (FDO) of Globigerinoifisgilosus (Tablelll). Other planktonic forms prate
are Globorotalia miocenica and Globoturborotalgarture.

Table 3: Identified datum markers for sapele shallow

Zones
Age Berggren et Wade et al., Datum Markers
Blow (1969) 4/ “(1995 (2011
Globorotalia tosaensis,
Early pleistocene N21 PT1a PT1a Globoturborotalita aperture and

Globigerinoides fistulosus@ 960 m
(3168 ft) to 1138 m (3755 ft)
Globorotalia pseudomiocenica,
Globorotalia miocenica,

Late pliocene N20 PL3-PL6 PL3b-PL6 Dentoglobigerina altispira and
Sphaeroidinellopsis seminulina@ 977
m (3224.1 ft) to 1138 m (375t ft)
Globorotalia margaritae,
Globoturborotalita nepenthes,
Globorotalia tumida, Sphaeroidinella
dehiscens and Globorotalia
cibaoensis@ 1055 m (3481.5 ft) to
1225 m (4042. ft)

Globorotalia plesiotumida,
Globigerinoides extremus,

Late miocene N15-N17 M12-M14 M11-M14 Neogloboquadrina acostaensis and
Globorotalia lenguaensis@ 2065 m
(6814.5 ft) tc3175 m (10477.5 f

Early pliocene N18-N19 PLla-PL2 PL1-PL3a

4. CONCLUSION

Based on the lithologic and foraminiferal analy#iss study has established that the well intefmaBapele
shallow penetrated the late Agbada to early Bemiméation with deposition occurring during late Mioe
to early Pleistocene for Sapele shallow. Four daharkers were identified, and they range from N2415-
N17 ofBlow, (1969) PT1a to M12-M12 of Berggreet al.,(1995) and PT1a to M11-M14 of Wade et al.,
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(2011). The hydrocarbon in the study area are &é@dppfault closures below regional seal of thadopessive
marine Gel-1, Pia-2, Pia-1, Zan-2 and Zan-1 whatges in age from 1.3ma to 3.8ma. The geologial ag
of the study area ranges from Late Miocene to ERIistocene. For the first time to the best of our
knowledge, the presence of non-sealing shale irel€aghallow has been attributed to the depletion in
hydrocarbon recovery and the presence of hydronaseepage found in hand-dug wells and roadsideeof t
study area.
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