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Abstract
The Niger Delta is ranked among the world’s majgdtocarbon provinces in the world. Oil and gas lie tNiger Delta are mainly
trapped in sandstones and unconsolidated sandednAigbada formation and the structural traps ar¢ easy to map precisely
because they are very slight, not obvious and eemplicated. The main aim was to determine thectiras and hydrocarbon
prospects in Emi-field, off shore Niger Delta ussasmic data integrated with well logs. Four (4yikons namely 4, L,, Ls and L,
were selected and structural maps drawn for eachhef horizons. Fault closures of high quality hychrbon prospects were
identified and delineated. The integration of séisdata with well logs greatly improved the exteftaccuracy and exactness of
structural maps in hydrocarbon prospects and itgelieoment in Emi Field.
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1. INTRODUCTION

The Niger Delta is ranked among the world’s major
hydrocarbon provinces in the world. It is the miagportant in
the West African continental margin. Oil and gashia Niger
Delta are primarily produced from sandstones and
unconsolidated sands mainly in the Agbada formatibime
goal of oil and gas exploration is to identify addlineate
structural traps suitable for profitably exploitabl
accumulations and delineate the extent of discesdri field
appraisals and development. These traps are vigiyt,shot
obvious and very complicated and are thereforeeasly to
map precisely. Major improvements in seismic andl legs
have made it possible to map such structural aemegts
with high degree of accuracy and exactness.

Seismic profiles provide almost a continuous ldtgraw of
the subsurface by defining its geometry and progjdan
estimate of the acoustic impedance which is relatedhe
formation densities and velocities.

However, vertical details are limited due to lengtturation

of the individual seismic wavelets and the occureerof
overlapping wavelets from closely spaced reflectdfsll logs

are limited in their definition of lateral variatioof subsurface
parameters. Thus, the extent of accuracy in mapping
complicated structural plays would be improved tyeay
combining seismic data with well logs ([1]; [2]; ]]13 In
addition, the risk associated with finding oil agds in very

slight, not obvious and complicated structural ptaevill be
reduced tremendously since such integration willp hi®
discern differences between poor and rich reses\anid also
greatly improve the extent of accuracy and exastrudsthe
structural maps in hydrocarbon prospects and iteldpment.
In this research, 3-D seismic reflection data wiaetegrated
with well logs so as to characterize the subsurfzeemetry
and also determine the structures and hydrocarbospects
of the field.

1.1 Location and Geological Setting of the Field

The study field is located in the offshore depobélthe Niger
Delta (Figure 1) and covers an area of 58.24 km@u(e 2).
The Niger Delta, situated at the apex of the GlilBainea on
the west coast of Africa, covers an area of ab8udQ0 km2.
The geology of the tertiary Niger Delta provinceshaeen
described by several workers ([4]; [5]; [6]; [78I] [9]; [10]).
Basement tectonics related to crucial divergencel an
translation during the late Jurassic and Cretaceonsnental
rifting probably determined the original site oétain rivers
that controlled the early development of the Dellde
Cenozoic development of the delta is also belietedhave
taken place under approximate isostatic equilibritire main
depocenter is thought to have been at the triphetjon
between the continental and oceanic crust wheredeia
reached a main zone of crustal instability.
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Figure 1. Map of Niger Delta showing the location of Emi lBie

The Niger Delta basin is located on the continentatgin of potential are well documented in the literature;([8]; [8];

the Gulf of Guinea in equatorial West Africa aneslibetween [13]; [9], [14]; [15]) among others.

latitudes 40 and 70N and longitudes 3o and 90 E [iianks

among the world’s most prolific petroleum producifertiary The Niger Delta is a large arcuate delta of thetrdegve,
deltas that together account for about 5% of theldsb oil wave-dominated type and is composed of an ovezgliessive
and gas reserves. It is one of the economicallynprent clastic sequence which reaches a maximum thickofeabout
sedimentary basins in West Africa and the largesAfrica 12 km in the basin centre.

[12]. Detailed studies on tectonics, stratigraptigpositional
environment, petrophysics, sedimentology and hyahtmn
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Figure 2: Base map of the study area showing well locatamsseismic line.
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The Delta’s sediments show an upward transitiomfroarine
pro-delta shales (Akata Formation) through a paratierval

(Agbada Formation) to a continental sequence (Benin

Formation). These three sedimentary environmewnscdl of
most deltaic environments, extend across the whel&a and
ranges in age from early tertiary to resent. A sgigamember,
the Afam clay member, of the Benin formation isogtized
in the eastern part of the delta and is considasedn ancient
valley fill formed in Miocene sediments. The forioats are
strongly diachronous [16] and cut across the titregigraphic
units which are characteristically S-shaped in siection.
Most economically exploitable hydrocarbon in thdtalds
believed to be trapped within the Agbada formation.

Structurally, the Niger Delta shelf developed gsregrading
extensional complex overlying a ductile substratlictv

probably composed largely of over pressure marimaes.
The onshore growth fault systems have been deschiipd9]

as a series of major growth fault bounded depoloeltvega-
structures thought to be transient basinal areesesding one
another in space and time as the delta progradgbvsard.

The extensional system is dominated by “tepee’cttre in

which landward-dipping growth faults intersects vsaa

dipping in complex interlocking fault networks (Eig 3).
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Figure 3: Schematic section through the axial potion ofNinger Delta showing the relationships of the trifgardivision of the
tertiary sequence to basement (Modified from [9]).

The most striking structural features of the Cemoadiger
Delta complex are the syn-sedimentary structureschwh
deform the delta largely beneath the Benin sanidgadhese
structures, regarded as the product of gravityirglidduring
the course of deltaic sedimentation, are polygémiorigin
and their complexity increases generally in downtade
direction [17]. The syn-sedimentary structures|echbrowth
faults, are predominantly trending northeast tottsaast and
northwest to southeast [18]. Associated with thgsawth
faults are rollover anticlines, shale ridges andlestdiapers
which are caused by shale upheaval ridges. Mudetsagre
the most common and occur on the landward sidehef t
growth faults restricting sedimentation on the bmtvn side

of the faults and enhancing sedimentation on thvenditlirown
side. Most of the faults are listric normal; othenlude
structure building growth faults, crestal faulttank faults,
counter-regional faults and antithetic faults.

In general, the offshore Niger Delta has the chargstic shelf
slope break of growth fault modified ramp margifie
present day shelf is dominated by long counteroreifaults.
Further offshore, there exist a back-to-back fadhd along
the shelf edge and upper slope. Down the slopege thee
examples gentle folds, with thrust and diapers sones
cutting the sea bed (Figure 4).
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Figure 4: Niger Delta schematic structural profile of thepdavater area characterized by listric extensiattfagentle folds thrusts
and diapirs (Modified from [19]).

Oil and gas are mainly trapped by roll over antieti and fault
closures. Hydrocarbon distribution in the Niger telis

complex with gas-to-oil ratio generally increasisguthward
away from the depocentre within a depobelts [8] amd
primarily controlled by thermal history of the soarrocks,
source rocks quality, migration and sealing qualityaddition,
the timing of traps formation could be a factorttb@ntrols the
distribution of hydrocarbon [20]

Trap arrangement in the deep water Nigeria is odiatt by
gravity driven system of linked extensional grovialults and
compressional toe thrusts initiated during the &gdee, when
the modern Niger delta was formed [10]. Most of thgervoir
facies in the offshore Niger Delta are related nicaggrading
lowstand complex where a slow relative rise in $ba levels
allows sediment input to keep pace with the creatid
accommodation space over a long period of time.hi&kt
expanding edge of coarse clastics is trapped onshuwdf
behind the counter regional faults and most ofgbdiments
are therefore, deposited on the shelf, indicathreg the sand
content and gross sediment input reduces dramigtiegtih
increasing distance from provenance.

2.METHODOLOGY
2.1 Seismic and Well L ogs Data

The different datasets employed in this researate weovided
by the Exxon Mobil Producing Nigeria Unlimited, Lag

Nigeria and covered an area of 58.24km2 on a sofle
1:250000. These included 3-D Seismic profiles, cositp

well logs comprising mainly spontaneous potentgdmma

ray, resistivity, density and neutron logs of theurf wells

(WELL-1, WELL-3, WELL-4 and WELL-5). Twenty-seven
of the seismic lines were cross-lines shot paratiethe dip

direction and the other fifteen were in-lines whigkre shot

parallel to the strike direction. The spacing betwethe

seismic section for both the in-lines and crossediwas 400 m
as shown in Figure 2.

2.2 Horizons Selection and Fault | dentification

Horizons within the well logs that showed hydrocarb
prospects were selected for mapping. Four horizarsely
L1, L2, L3 and L4 were chosen and correlated thinoald the

seismic sections. Major faults were identified nhairon

abrupt termination of reflection events and marked the
cross-lines. Fault traces at all levels was coesist The
horizons were then tied at their intersection mintorder to
ensure consistency in all the lines of intersectiand in all
the seismic sections which covered the entire suavea. The
analysis was rechecked in areas where there westtesand
the misties corrected.

2.3 Structural Maps

The chosen horizons were digitized using a scapecgpiate
to the seismic sections and structural maps wene pihoduced
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for each of the horizons. During contouring, theiakle
nature of the seismic signals as well as the vgrgtnuctural
features of rock deformation was taken into comsitien. The
fault traces were posted to the structural mapslymed. The
fault throws and directions obtained from the sé@issections
were correlated with well logs.

3. RESULTSAND DISCUSSION
3.1 Seismic I nterpretations and Fault | dentification

Migration and tying of seismic sections were unalezh at the
intersection point between the cross-lines and iniesl
Counter regional growth faults F1, F2, F3, F4, R &6 were
the major faults identified on the seismic recordfiese
counter regional growth faults were trending westteand
dipping south-east. Two regional growth faults Bdd F'2
selected were trending north-south and dipping rsaust.
The throw of the major faults ranged from 46 torid9vhile
that of the minor faults ranged from 24 to 36 misTtirow
which could have produced migration pathway for
hydrocarbon was recognized.

3.2 Structures and Hydr ocar bon Prospects

The horizons mapped were laterally continuous enstiismic
records and formed a closed loop along the tiesliféigures 5
to 8 displayed the structural maps of the horizbhsL2, L3

and L4 mapped respectively. These structural mhpwed a

system of rollover anticlines associated with gioviaults.
The faults appeared crescent-shaped with the censie
being towards the down-thrown block. The synthetitd
antithetic faults showed less curvature in the zmnial plane
and were generally steeper in the vertical plae throw of
the major faults ranged from 40 to 60 ms correspantb 46
m to 79 m. The growth faults were sub-parallel ne another
and stroked in the west-east direction. The faultse sealing
on the up-thrown side of the fault zone where nafsthe
hydrocarbons could be trapped.

Horizons L1, L2, L3 and L4 revealed faulted anddéa
anticlinal closures (I and 1) and fault assistéabsares (lll, 1V,
V, and VI). The structural closures | and Il cloded121 m
respectively. The faults served as conduits forrdgarbon
into the structural closures and the reservoirsuait large.
Cross-sections through its structural maps als@mestgd a
system of growth faults, roll over anticlines anoldfng.
However, structural map of L4 revealed unconforesiti

These anticlinal closures were identified as go@ps for
hydrocarbon prospects. Trapping of hydrocarbon kams of
simple closure was independent of the presencaudfsfand
trapping in fault closures was assisted by seafmgts in
which the fault plane and the sediments dipped @posite
directions.
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Figure5: Structural map of horizon L1.
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Figure 6: Structural map of horizon L2
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Figure 7. Structural map of horizon L3
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Figure 8: Structural map of horizon L4

CONCLUSIONS

The four (4) horizons mapped were all within thebada
formation since most of the hydrocarbon was betiete be
trapped in the Niger Delta. Anticlinal closures afalilt
assisted closures regarded as good hydrocarbopgutosreas
were delineated in the structural maps. The integraof
seismic data and well logs proved to be a usefdliaportant
technique in structural mapping and was succegsfigfining
the subsurface geometry, and determining the streicand
hydrocarbon trapping potential of Emi field. Thechrique
proved to be very useful in structural mapping. tbpdrbon
prospect areas were delineated in the structurpsmpeoduced.
The growth faults acted as conduits for hydrocarfsom the
underlying Akata formation.
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