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3D seismic data and wireline logs from thirteen boreholes were used to establish a sequence stratigraphic analysis of Mio-
cene depositional systems of the Otu Field in the onshore area of the Niger Delta. The subsurface facies of the field revealed
three sequences that are bounded by four sequence boundaries (SBs) which are interpreted as erosional unconformities
with three maximum flooding surfaces (MFSs). Sequences delineated are composed of lowstand systems tracts (LST), fall-
ing stage systems tracts (FSST), transgressive systems tracts (TST) and highstand systems tracts (HST) revealing
depositional systems deposited during different phases of base level changes. Deposits identified within the LSTs are fluvial
channel sands while TSTs capped the LST facies. HSTs are composed of coarsening and shallowing upwards intervals in-
cluding deltaic fluvial sands. The sequences were deposited in transitional to shallow marine environments. A seismic
geomorphological study carried out on all the SBs and MFS 3 shows a relationship between depositional environments,
channel type and direction of palaeo-flow in relation to faults. The reservoirs of the LST and HST and seals from marine shale
of the TST and HST could form stratigraphic traps for hydrocarbon accumulation in the Otu Field. This study has integrated
3D seismic and borehole log data to develop a sequence stratigraphic framework that would be a profitable means to guide
hydrocarbon exploration and production strategies.
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INTRODUCTION

Sequence stratigraphy provides the basis for the chrono-
stratigraphic correlation of strata and a valuable exploration and
reservoir development tool for the petroleum industry. An ap-
proach of sequence stratigraphy in association with knowledge
of depositional environments as well as appreciation of the im-
portance of accommodation space and sediment supply can
aid in the reconstruction of palaeogeography and help predic-
tion of temporal and spatial relationships between source, res-
ervoir and seal facies (Catuneanu et al., 2011). Sequence stra-
tigraphy is used to locate stratigraphic prospects and predict
reservoir and seal quality on structural prospects. This ap-
proach was applied to the Otu Field in the Niger Delta.

The Cenozoic Niger Delta is a clastic wedge thatis 12 km in
thickness with an area of 75,000 km? between southern Nigeria
and the Gulf of Guinea (Evamy et al., 1978). The deposits in the
Niger Delta are known to be subdivided into three litho-
stratigraphic units, these being the Akata Formation, Agbada
Formation, and Benin Formation (Short and Stauble, 1967).
The three formations in the Niger Delta become progressively
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younger basinward, showing long-term progradation of the
depositional environments of the Niger Delta into the passive
margin of the Atlantic Ocean. The stratigraphy of the Niger
Delta is complex as a result of syndepositional slumping of the
clastic wedge due to movement of shale of the Akata Formation
by the influence of the load of the Agbada and Benin forma-
tions, which are prograding deltaic and fluvial accumulations,
respectively. A network of large-scale, listric normal faults dip-
ping towards the basin formed as a result of diapiric upward mo-
bility of the underlying shales. Blocks down-dropped across
these faults loaded with growth strata, changed the local slopes
of deposition, resulting in complex pathways of sediment trans-
port into the basin (Evamy et al., 1978). This has made field
evaluation in the basin difficult due to problems associated with
imaging of the subsurface in the Niger Delta. For the purpose of
field evaluation, it is important to understand detailed relation-
ships between the fault system in the area and the stratigraphic
component of the basin. It has been shown that when 3D seis-
mic data is integrated with borehole log data, it provides a pow-
erful tool to determine the seismic stratigraphic and structural
framework of a basin (Nton and Adesina, 2009; Futalan et al.,
2012; Oyedele et al.,, 2013; Fagbenro and Woma, 2013;
Amigun et al., 2014; Onayemi and Oladele, 2014). Hence, this
study was carried out with the objectives of establishing the
tectono-stratigraphic evolution of the Otu Field in the Niger
Delta, identifying different facies and their depositional environ-
ment(s) and establishing a sequence stratigraphic framework
within the study area.
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LOCATION OF STUDY AREA
AND GEOLOGY

The Otu Field is located onshore in the western part of the
Niger Delta and straddles the central swamp and coastal
swamp depobelt of the Niger Delta (Fig. 1). The Cenozoic Niger
Delta is situated in the Gulf of Guinea, in West Africa. It repre-
sents the southern margin of a triple junction rift system that
triggered the separation of the African continent from the South
American continent during the Jurassic through the Early Cre-
taceous (Doust and Omatsola, 1990). Rifting started around
Late Jurassic time and continued to the middle Cretaceous

(Lehner and De Ruiter, 1977). During the Late Cretaceous, rift-
ing reduced. At the end of rifting, gravity tectonism occurred as
the main process of deformation. Internal deformation was in-
duced by the mobility of shale.

Short and Stauble (1967) subdivided the Niger Delta into
three lithostratigraphic units, ranging in age from Paleocene to
Recent. They include the Akata, Agbada and Benin formations
(Fig. 2). The Akata Formation is marine in origin and consists of
thick shale sequences. The Akata Formation is situated at the
base of the Niger Delta and consists of prodelta, hemipelagic,
and pelagic shales that were deposited in marine environments.
The formation is Late Paleocene to Early Pliocene in age. The
Akata Formation is characterized by high plasticity and over-
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Fig. 1. Location map of the study area

A and B were modified after Doust and Omatsola (1990)
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pressure, especially at depth. All major faults and counter-re-
gional faults merge into a plane (or detachment surface) in the
lower part of the Akata Formation. The Agbada Formation con-
sists of a paralic sequence of interbedded sands and shales. The
sandstones were deposited in prograding transitional or coastal
environments comprised of fluvio-deltaic and barrier islands of
the delta front, lagoon, brackish-water bays, beaches, and the
shoreface. Shales are prodelta to hemipelagic in origin. The
Agbada Formation is Eocene to Pleistocene in age and about
3,700 m thick. The Benin Formation consists of continental sand-
stones that were deposited on a delta plain as point bars by me-
andering streams or as channel-fills with natural levees (Doust
and Omatsola, 1990). The massive freshwater bearing Benin
Formation occurs widely across the Niger Delta, with thick-
nesses ranging between 300 and 3,000 m.

The main source rock of the Niger Delta petroleum system
is the Akata Formation (Evamy et al., 1978; Ejedawe, 1986;
Nwachukwu and Chukwura, 1986; Bustin, 1988). The Agbada
Formation in the Niger Delta serves as the hydrocarbon reser-
voir. It is described as intercalations of sand and shale (Doust
and Omatsola, 1990). Growth faults that detach on the Akata
Formation provide the pathways through which the porous and

permeable sandstones of the Agbada Formation are intercon-
nected. The shales of the Agbada Formation serve as the local
seal, in combination with the appropriate fault framework.

The Benin Formation (continental sands) is believed play a
subordinate role in the generation and the preservation of hy-
drocarbons in the Niger Delta (Doust and Omatsola, 1990). The
Benin Formation is, however, thick enough (300-3,000 m) to
serve as a significant overburden rock.

Corredor et al. (2005) subdivided the delta into five structural
zones (Fig. 3) based on seismic interpretation. The zones com-
prise: an extensional province; a zone of mud diapirs; the inner
fold and thrust belt; a transitional detachment fold zone; and the
outer fold and thrust belts. The Otu Field is situated within the
extensional province defined by basin-dipping listric faults.

DATA AND METHODOLOGY

DATA SET FOR THE STUDY

The data used for this study include a 3D seismic cube, 13
wireline logs, check shot and deviation survey data.
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Fig. 2. Stratigraphic column depicting three formations of the Niger Delta

(modified from Doust and Omatsola, 1990)

Marine shales of the Akata Formation are the source rock,

while the Agbada Formation is the reservoir rock in the basin

resistivity logs, neutron logs, density logs and spon-
taneous potential logs.

METHODOLOGY

Identification of facies and depositional environ-
ments. Gamma ray (GR) log patterns were used for
the identification of facies and their depositional en-
vironments (Beka and Ofi, 1995). A “blocky” log pat-
tern was interpreted to represent uniform deposition
that was peculiar to the channelized region and typi-
cal of fluvial channel deposits. A pattern showing
coarsening-upwards units (a progradational pat-
tern) was interpreted to be a feature of a deltaic flu-
vial environment (channel point bars). A “serrated”
(aggradational log pattern) with uniform bandwidth
shows limited coastline variability and was inter-
preted to be typical of a floodplain environment. A
“bell-shaped” GR log pattern (upwards fining, retro-
gradational log pattern) was interpreted to represent
overbank deposits.

BOREHOLE LOG ANALYSIS

Chronostratigraphy. Chronostratigraphic cor-
relation of time-significant surfaces was performed
using the borehole logs available for the study. This
was carried out by the borehole log sequence strati-
graphic interpretation of individual boreholes using
the stacking pattern such as progradation, retrogra-
dation and aggradation which aided the delineation
of the lateral continuity of facies within the systems
tract. The depositional (IV) model of Hunt and
Tucker (1992, 1995) and Helland-Hansen and
Gjelberg (1994) (Fig. 4) was employed for the
subsurface facies within the Agbada Formation.
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Fig. 3. Structural styles of the deep-water Niger Delta

The three provinces in the Niger Delta are the toe thrust, diapir and extensional province; the Otu Field falls within the extensional prov-
ince (modified from Corredor et al., 2005); the green colour represents the abyssal plain, the brown colour is the fold and thrust belt, while
yellow indicates the transitional basin; the asymmetrical thrust-bounded diapirs are represented by a blue colour, while a orange colour
represents the symmetrical diapirs; the extensional province is coloured pink
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Fig. 4. Nomenclature of systems tracts, and timing of sequence boundaries for the various sequence stratigraphic
approaches (modified from Catuneanu et al., 2011)

CC* — correlative conformity in the sense of Posamentier and Allen (1999); CC** — correlative conformity in the sense of Hunt and Tucker
(1992); FR — forced regression; FSST — falling-stage systems tract; HNR — highstand normal regression; HST — highstand systems tract;
LNR — lowstand normal regression; LST — lowstand systems tract; MFS — maximum flooding surface; MRS — maximum regressive surface;
R — regression; RSL — relative sea level; RST — regressive systems tract; T — transgression; T-R — transgressive-regressive; TST —
transgressive systems tract
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The chartin Figure 5 was used for the interpretation of borehole
log sequence stratigraphy and depositional environments.

Lithostratigraphy. The hydrocarbon-bearing sands were
identified and their correlation allowed for the establishment of
the lateral continuity of the subsurface reservoir facies pene-
trated by the boreholes.

SEISMIC ANALYSIS

Seismic stratigraphy. The identification of stratal termi-
nations aided the identification of time-significant surfaces.
Stratal terminations are the geometric relationship between

=== tOp delta front facies contact =

----- basal surface of forced regression

o) T —

shoreface to shelf change
regressive surface of marine erosion

strata and the stratigraphic surface against which they termi-
nate. The main types of stratal termination are described as
truncations, toplaps, onlaps, downlaps, and offlaps (Catune-
anu, 2002). They have been integrated into sequence stratig-
raphy so as to describe the stacking patterns of stratal units
and to give diagnostic features for the recognition of the vari-
ous surfaces and systems tracts (Van Wagoner et al., 1990;
Christie-Blick, 1991).

Seismic geomorphology. Seismic geomorphology may
be defined as the application of analytical techniques pertaining
to the study of landforms and to the analysis of ancient, buried
geomorphological surfaces as imaged by 3D seismic data.

)
non marine \ shallow-marine =
. -— .
environment NS environment
MRS —p—p——————emmeemean — \ +— MRS —-
LST 1 NR  LST
——— e . 7 § ------- 4—C.cC
g o § @ FR 3 FssT
O 3
5 | E
--------- ——— o ———-——-e—BSFR ||
[+ 4 @ |
ws>2-2 e WL | [ EAMR Shst (s
= O -— - =
4 i < @ § TST
MRS —#=g== (0 =—==—————— BB e e :l---- B & T MRS
S AN MR wusT| oo
- ‘i \ genetic stratigraphic
- g.)_ base level FR  Sequence
L3 curve
o - g
/ tra'hsgresswefregrpsszf_____ﬁﬁ___ «—BSFR ||
MFS —#-2ccceena - CUNE ___ Bl TS --d— MFS ——+/
) [ transgressive facies
c.u. — coarsening-upward . + +
f fini gdp nise/ | fall/ —/ regressive facies
.u. —TIning- ar H .
t-~ fining-upw transgression  regression

Fig. 5. Sequences, systems tracts, and stratigraphic surfaces defined in relation to the base-level
and to the transgressive-regressive curves (after Catuneanu et al., 2011)

BSFR — basal surface of forced regression, c.c. — correlative conformity, DS — depositional sequence, GS — genetic
stratigraphic sequence, NR — normal regression, TR — transgressive—regressive sequence, SU — subaerial uncon-
formity, R —transgressive wave-ravinement surface, (A) — positive accommodation (base-level rise); for other expla-

nations see Figure 4
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Seismic geomorphology, when used in conjunction with seis-
mic stratigraphy, represents the state-of-the-art approach to ex-
tracting stratigraphic insights from 3D seismic data (Posa-
mentier et al., 2007).

DATA ANALYSIS AND INTERPRETATION

FACIES ANALYSIS

Three facies and their depositional environments were de-
lineated in the Otu Field using the gamma ray (GR) log motifs.
With the use of standard interpretations for the Agbada Forma-
tion, successions of logs that gradually decrease in GR value
and then rapidly increase are interpreted to be prograding delta
deposits.

Log successions that abruptly decrease in GR value and
have “blocky” or gradually increasing trends are interpreted to
be fluvial channel deposits. “Serrated” high GR value intervals
are known to be dominated by shales with different amounts of
thin beds of sandstones and are interpreted to represent a flu-
vial floodplain (Fig. 6). GR having low and high values and are
“pbell-shaped” were interpreted as tidal channels.

Facies 1: shaly sandstone facies. This facies is made up of
fine-grained sandstone with intercalations of shale. It is charac-
terized by a blocky to slightly fining-up GR log pattern (Fig. 7A).
This pattern is a common feature of a deltaic fluvial environment.

Facies 2: sandstone facies. This facies is composed of
bodies of sand that are characterized by a stack of coarsen-
ing-up units in the GR log motif (Fig. 7B). This log pattern de-
picts uniform deposition and the facies are peculiar to a
channelized region. This facies is interpreted to be fluvial chan-
nel deposits within the estuary. The presence of serration may
indicate tidal influence.

A Blocky B Coarsening upward
GR GR
—
0 150 0 150
API API
aggrading prograding

fluvial channel channel point bar

Facies 3: mudrock facies. This facies is made up of units of
shale having intercalations of thin shaly sandstone displaying a
retrogradational parasequence pattern. It is characterized by
serrated GR log character with uniform bandwidth indicating
limited coastline variability (Fig. 7C). Based on these character-
istics, it is interpreted to represent a fluvial floodplain.

The mudrock facies is the oldest in the area and forms the
base of the sequence (Fig. 8). This facies is of marine origin
(i.e., delta front environment). The shaly-sandstone facies suc-
ceeds the mudrock facies and constitutes the paralic sequence
of the study area. The youngest facies is the sandstone facies,
which is continental in origin. It was deposited in a delta plain
environment and forms the top part of the sequence.

Stratigraphy of the Otu Field. The variations in stratigra-
phy of the Agbada Formation of the Otu Field reflect the regres-
sion of depositional environments within the Niger Delta Basin
by changing broadly from fine-grained deposits in deeper bore-
holes directly above, underlying the shales of the Akata Forma-
tion (high GR log values), to progressively coarser-grained de-
posits in shallower boreholes below the overlying Benin Forma-
tion (lower GR log values).

Stratigraphic surfaces were correlated within the boreholes of
the Otu Field along the strike and dip in the field (Fig. 8). Three
sequences were identified and delineated. Sequence one is an
incomplete sequence due to the depth at which logging termi-
nated. Sequence two is a complete sequence with a lowstand
prograding wedge (LPW) as its youngest systems tract and a fall-
ing stage systems tracts three (FSST-3) as the oldest systems
tract. The FSST is sharp-based, suggestive of forced regression
in the more distal portion of the shallow marine environment. Se-
quence boundary three (SB-3) marks the end of sequence two
and the beginning of sequence three. Sequence three extends
from the Agbada Formation to the Benin Formation in Otu Field.
The maximum regressive surface three (MRS-3) marks the end
of sequence three with MFS 3 (base of the Benin Formation)
capping the underlying TST 3 sealing facies.

C Serrated D Bell
GR GR
0 150 0 150
API API
aggrading retrograding

tidal flat tidal channel or sands

Fig. 6. Types of borehole log patterns in the Otu Field

A — blocky log pattern; B — upwards coarsening, progradation log pattern; C — serrated, aggradational log pattern;
D — bell-shaped, upward-fining, retrogradational log pattern
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Fig. 7A — shaly sandstone facies represented by a blocky to slightly fining-up GR log pattern; SB means sequence boundary; B —
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The blue log is the gamma ray log
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LITHOSTRATIGRAPHIC CORRELATION
OF THE BOREHOLES

A lithostratigraphic correlation was carried out for the
subsurface facies of the Agbada Formation penetrated by three
boreholes in the field (Fig. 9). Fourteen sand reservoirs were
identified and correlated. Sand N is the deepest correlated
sand, the top of which was encountered at different depths in al-
most all the boreholes. Sand A is the shallowest hydrocar-
bon-bearing reservoir that was penetrated by all the boreholes
at different depths.

SEISMIC STRATIGRAPHY ANALYSIS

The seismic stratigraphy analysis was carried out on the 3D
seismic data (Fig. 10). The stratal terminations were used to in-
fer the various shoreline shifts such as transgression and re-
gression (both normal and forced regressions) and their re-
spective diagnostic depositional trends such as progradation,
retrogradation and aggradation. Having successfully integrated
the borehole data to the seismic using checkshot data, consis-
tency was established between the stratigraphic surfaces inde-
pendently interpreted from both datasets (\Vail, 1987).

The prevalence of incised valleys accompanied by seismic
reflections truncating at the base of the channels serves as evi-
dence for sequence boundaries in most cases. Fluvial down-
-cutting and the formation of incised valleys are typically formed
during a major fall in sea level at the shoreline.

Sequence boundary one (SB-1) is the deepest sequence
identified. This sequence has an interfluve sequence bound-
ary SB-1 that shows a merging of SB-1 and TS 1 allowing LST
1 to be localized within the channel (Fig. 11). Sequence
boundary two (SB-2) separates the underlying sequence one
from the overlying sequence two. The underlying HST 1 is
characterized by inclined beds, which are prograding
clinoforms terminating at the base of SB-2 (Fig. 12). The shal-
low sequence three extends from the Agbada Formation into
the Benin Formation. Sequence boundary three (SB-3) sepa-
rates the underlying sequence two from the overlying se-
quence three. SB-3 bounds the base LST 3. The overlying
channel-fill within LST 3 has a complex geometry, which char-
acterizes the channel-fill. In this case, TS 3 does not merge
with SB-3. Therefore, the lowstand deposit within LST 3
should be widespread and not localized (Fig. 13).

Several channelized systems exist between the Benin and
Agbada formations such as the Soku clay, Buguma clay,
Agbada clay and Opuama channel complex (Fig. 2). Such
channels are well-pronounced within the Otu Field as the chan-
nels extend all through the 3D seismic sections. Figure 14 re-
veals more perspectives of SB-3, which separates the underly-
ing sequence two from the overlying sequence three. The
channel is bounded at its base by SB-3 which merges with TS
3, MFS 3 and SB-3; hence, revealing the interfluve nature of
SB-3. In some other areas, this channel is bounded at its base
by MFS 3. These variations show that the intensity of the ero-
sional event that led to the down-cutting of the underlying TST 3
and MFS 3 is not the same all through. This therefore led to the
presence of these systems tracts in some areas and their ab-
sence in some others.

The truncation of reflections below the channel is also found
to be consistent with SB-4, independently identified from bore-
hole logs. The channel associated with this event is within the

continental Benin sands. Sequence boundary four (SB-4) sepa-
rates the underlying sequence three from the overlying se-
quences (Fig. 15).

The relationship between systems tracts, reservoirs and
their respective depositional environments are shown in Ta-
ble 1.

SEISMIC GEOMORPHOLOGY

A seismic geomorphological approach was applied to the
subsurface facies of the Agbada Formation. The patterns ob-
served from the 3D seismic images are diagnostic of depo-
sitional environments. The study gives an indication of the inter-
nal and external architecture of the reservoirs, which furthers
our understanding of the depositional processes that constru-
ctedthe various stratigraphic features.

The stratigraphically mapped horizons of SBs were auto-
-tracked and attributes such as spectral decomposition and
similarity (coherency) were draped on the auto-tracked sur-
faces in order to enhance the identification and interpretation of
the stratigraphic features.

Spectral decomposition outputs the amplitude at discrete
frequencies. It resolves the seismic signal into its constituent
frequencies, which enables interpreters to see phase and am-
plitude tuned to certain wavelengths. The amplitude component
excels at quantifying the variability of thickness and detection of
lateral discontinuities while the phase component reveals lat-
eral discontinuities. For this study, it provides a powerful tool for
“below resolution” seismic interpretation, estimation of sand
thickness, and enhancement of channel structures. Coher-
ency/similarity together with colour-blended spectral images
help better illustrate geological information.

Sequence boundary four (SB-4) is the shallowest strati-
graphic surface mapped within the Benin Formation with an
overlying lowstand deposit LST 4. The direction of
palaeoflow of the S-shaped meandering channel is NE-SW
(Fig. 16). The channel is visible at the footwall of the E-W
trending normal fault but was not observed i the hanging wall
area. However, sediment waves were observed in the hang-
ing wall area. The channel disappears on interception with
normal faults.

A relatively pronounced sinuous channel was observed in
the northeastern part of the field. The direction of palaeoflow is
NE-SW and perpendicular to the fault trace (Fig. 17). The
strength of incision is perturbed by the faulting event causing
the channel to be pronounced at the footwall of the normal fault.
The individual channels observed on SB-2 and SB-3 are subtle
and directed along the hanging wall of the fault, running parallel
along the fault trace (Fig. 18).

DEPOSITIONAL SEQUENCE
ARCHITECTURE

The depositional sequences within the Otu Field include
three sequences that were mapped with their systems tracts as
a result of the interplay of variation in sea level and accommo-
dation rates.

The depositional systems in the Otu Field comprise LST,
TST, FSST and HST. Sediments identified within the LST in the
Otu Field consist mainly of fluvial channel sands. These sands
are related to the erosion of canyons into slopes as well as inci-
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Fig. 8. Correlation log panels for boreholes 11, 4 and 29 (A)

A — the serrated log character is interpreted to represent a fluvial floodplain, while blocky patterns are interpreted to be fluvial channel
while blocky patterns are interpreted to be fluvial channel deposits; HSTs are inferred to be prograding clinoforms; sequence two is

sion of fluvial valleys into the shelf. Prograding forced regres-
sive deposits (FSST) are present. These fluvial channel sands
have excellent reservoir qualities. The TSTs in the field capped
the LST facies and consist of mainly marine shales. HSTs are
made up of coarsening and shallowing upwards intervals hav-
ing fluvial and deltaic sands near the top of the unit. HSTs are
very thick in most of the boreholes studied in the Otu Field. This

may be the result of high subsidence rates, high input of sedi-
ments and instability caused by underlying shale, as also ob-
served in the Gulf Coast (Winker, 1982). The potential reser-
voirs in the Otu Field are mainly channel sands of LST and point
bars of HST that show low and higher values of GR and resistiv-
ity, respectively (Fig. 19).



Sequence stratigraphic analysis of the Otu Field, onshore Niger Delta... 115

B w Otu5 [SSTVD] :
SSTVD GR RES_D -
1:1167 [0.00 gAPI 150.040.20 2,000.00
feet

Ord %
4200

JvFs3 88) &

MRS3 &

LST

SB3
RSME2 €5~

)
ce two

MFS2 H—fses
MRS2

LST

sequ

s82 B
5800

6000 4

6200 4

6400 4

7000

e A A

“¢v~vww¢whw~w~w~—*~*““w*-»wwff~ﬂﬂ“whfwf«-vv-v«—h~mvm*“*“*wrmﬂ"—

MFS1 g
7200 4

and 5 and 29 (B) indicating a coarsening upwards sequence

E
e
4200 4 4
{L MFS3 (BB)
4400 3 g
— MRS3
‘&—ﬁ-.
il {'Lér LsT
| 4200 3 SB3
RSME2
(&)
— { 2
] HST
=1 [
p— R
5400 4 {—2‘ LsT g
e -
5600 3 ;,i‘%?—
5500 l
%
6000 3 g HST
6200 1 i.
6400 F
1 MFS1
‘}T
o0 L
Vi
"l { |t
= s81
7000 3 }

deposits, with bell-shaped deposits interpreted to be tidal channels; B — serrated log character are interpreted to be fluvial floodplain

thicker at the eastern part of the field

As regards quality and geometry of reservoirs in the Otu
Field, point bars of fluvial channels that are cut by sand-filled
channels are the most important. The marine shales of the TST
that were identified in the Otu Field would probably serve as the
potential source rocks for the hydrocarbons found in the reser-
voirs of the Otu Field.

The results of lithostratigraphic correlation show some sand
units occurring at greater depths than in adjacent units. These
were interpreted to be a result of syndepositional faulting in the
Otu Field. These faults probably serve as the major traps for the
accumulation of hydrocarbons. However, the shales of the TST
and those of HST could both provide seals for hydrocarbons in
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Fig. 9. Representative lithostratigraphic correlation of three boreholes in the Otu Field
showing fourteen reservoir sands

the reservoir sands within Otu Field. Therefore, the reservoir
rocks of the LST and HST and seals from marine shale of the
TST and HST could combine to form stratigraphic traps for
hydrocarbon accumulation.

CONCLUSIONS

The Agbada Formation of the Niger Delta is characterized
by stratigraphic features which control the trapping of hydro-
carbons within its deposits. The subsurface facies of the Otu
Field is subdivided into three sequences. Sequence one is the
deepest sequence subdivided into LST 1, TST 2 and HST 3

and consists predominantly of deposits of the transitional envi-
ronment. The overlying sequence two consists of LST 2
(LPW), TST 2, HST 2 and FSST 2 and its depositional envi-
ronment was predominantly shallow marine. Sequence three
is the shallowest sequence stretching from the Agbada For-
mation into the Benin Formation, and consists of LST 3 (LPW),
TST 3, and HST 3 laid down in transitional to shallow marine
environments.

The seismic geomorphological study carried out on se-
quence boundaries and MFS 3 reveals a link between the
depositional environment, type of channel and direction of
palaeoflow relative to the faults. Channel belts are associated
with continental to transitional depositional environments, while
individual relatively shallow and less sinuous channels were as-
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sociated with shallow marine deposits. Channel belts are ori-
ented perpendicular to faults, while individual channels (incised
valley) were parallel and rarely affected by the faults.

This integrated study therefore reveals insights into the ef-
fects of tectonic events as they significantly affect the relation-
ship between structural features such as faults and strati-
graphic features such as channels within the field, therefore

providing a profitable means to guide hydrocarbon exploration
and production strategies.

On the basis of reservoir quality in the Otu Field, point bars
of fluvial channels that are cut by sand-filled channels are the
most important. The reservoir rocks of the LST and HST and
seals from marine shale of the TST and HST could together
form stratigraphic traps for hydrocarbon accumulation in the
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SB-4 separates the underlying sequence three from the overlying sequences
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A point bar was observed here and the channel disappears on interception with normal faults;

the colour code represents the frequency

Table 1
Relationship between systems tracts, reservoirs and their respective
depositional environments
Sequence Systems tracts Reservoirs Depositional environment per sequence Formation
transitional -
HST 3 to continental Benin
i TST3
shallow marine
LST 3 (LPW) A,B,Cand D
FSST 2 (sharp based) E
HST 2 F,Gand H
1l shallow marine
TST 2
Agbada
LST 2 (LPW) land J
HST 1 K, L, Mand N
ST transitional
LST 1 lowstand
Fan (LF) — point bar deposits
300000 302500 305000 307500 310000 290000 295000 300000 305000310000
possible point bar 127.5 190000
(lateral accretion)

5 - shaped morphology 5,454 185000

of meandering channel 18000

channel disappear 3.40¢ 17500

on interception WY >
(0,0, 0) val = undef (0TU3D) / X
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Fig. 19. Low gamma ray and high resistivity values of potential reservoirs in the Otu Field

Otu Field. Additional data such as biostratigraphic, core and
permeability data are needed to integrate the results in order to
establish more reliable interpretations in the field.
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