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A structural evaluation of a post stack time migrated (PSTM) 3D seismic data over an X-—Field in the
eastern Niger Delta has been attempted. The objective of the study is to structurally evaluate the field
with a view to identifying structural features such as faults, map geologic horizons and analyze
reflection characteristics that might be a good lead to probable hydrocarbon accumulations. Results
revealed that six growth faults (F;, F;, Fs, F4, F5s, and Fg) and three seismic horizons (H,, H, and Hj) were
delineated on the seismic section. Fq, F,, F4, Fs and Fg are synthetic, while F; is antithetic growth faults.
The synthetic faults trend northeast-southwest and dips southwestward, while the antithetic fault trend
northwest-southeast and dips southeastward. The seismic horizons are fault truncated with hanging
wall/footwall fault assisted closures characterized by distinctive high amplitude reflection events. The
horizons have good reflection continuity, moderate to strong reflection strength and medium to high
amplitudes. These suggests wide spread and uniform deposition of clastic sediments with thick sand
facies and inter-bedding shales, which is the characteristic of a hydrocarbon reservoir in the Niger
Delta basin. The potential for hydrocarbons is high in this prospect field based on our preliminary
study, which could be explored.
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INTRODUCTION

Niger Delta is an inland tertiary sedimentary basin
characterized by structural and stratigraphic complexities
consequent from its formational stages and development.
As a result, the search for oil and gas has become
increasingly difficult and challenging in the face of these
complexities because of problems associated with
seismic imaging of subsurface structures associated with
hydrocarbon accumulations. These complexities of the
delta can be evaluated by the structural interpretation of

3D seismic data. Structural analysis of seismic data is the
key to reservoir evaluation and has become the main tool
in the exploration and management of hydrocarbon
reservoirs (Bahorich and Farmer, 1995; Sheriff and
Geldart, 1995).

Seismic interpretation involves determining the geologic
significance of seismic data. The basic goal remains
identifying likely hydrocarbon accumulations based on
structure to reduce drilling risk. This begins with structural
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Figure 1. Location map of the study area (Adapted with modifications from Petters and

Olsson (1979).

mapping of reservoir parameters such as faults, horizon
depth, reservoir thickness, lithology and dip of the
reservoir bed. Structural interpretation of 3D seismic data
entails identifying, picking and tracking of laterally
consistent seismic reflectors for the primary objective of
mapping geologic structures, depth of primary reflector,
stratigraphy and perhaps to probe reservoir architecture
(Anstey, 1980; Mcquillin et al., 1984; Allstair, 2011;
Avseth et al., 2005). The appropriate end result would be
to detect possible hydrocarbon traps, delineate their
extent and calculate their volumes.

Several authors have attempted structural interpretation
in the Niger Delta using seismic data (Ogboke, 2006;
Oyedele et al.,, 2013; Obiekezie, 2014; Odoh et al.,
2014), for the primary purpose of evaluating stratigraphy
and geologic structures and delineate traps with probable
hydrocarbon accumulation. The authors reported that
structural and stratigraphic information relating to
hydrocarbon traps and accumulations can be derived
from the detailed analysis of 3D seismic data.

The objective in this preliminary study is to structurally
interpret a post stack time migrated (PSTM) 3D seismic
data in the southern part of the X-Field by delineating and
classifying faults, estimate their orientations and dips,
map horizons and analyze reflection characteristics that
may be associated with hydrocarbon accumulation in the
field.

Location of the study area

The X-Field lies in the eastern swamp depobelt of the
Niger Delta (Figure 1), over which a Post Stack Time
Migrated (PSTM) 3D seismic data was acquired.
Hydrocarbons are produced in the northern part of the
field, while in the southern part production is yet to
commence, which is the area of focus in the present

study. The field is generally low-lying, flat and criss-
crossed by dense network of meandering rivers and
creeks with abundant rainfall. The vegetation is
dominantly mangrove typical of the zone (Figure 1).

Geology of study area

The geology of the Niger Delta has been extensively and
thoroughly discussed by several authors (Short and
Stauble, 1967; Bouvier et al., 1989; Doust and Omatsola,
1990; Adejobi and Olayinka, 1997; Aigbedion and lyayi,
2006; Ogboke, 2006). These authors were of the view
that synsedimentary tectonics and associated sediment
loading are responsible for the wealth of structural
features that occur in the delta. These structural features
are the mega-structural or depo belts, macro (growth
faults and roll over anticlines) and diapiric structures
(Figure 2) that are major determinant factors in the
development of hydrocarbon habitat of the delta. These
depobelts have synsedimentary faults which were formed
in response to variable rates of sediment supply and
subsidence. Each of the depobelts is a distinct unit which
represents a break in regional dip of the delta and is
bounded seaward by large counter-regional faults or the
growth fault of the next seaward belt, and landward by
growth faults.

The Niger Delta basin is underlain by three stratigraphic
units, the top Benin Formation, the middle Agbada
Formation and the deepest Akata Formation. The Benin
Formation consists mainly of continental sand deposits
with intercalation of shale and constitutes the main
aquiferous unit of the basin. The formation is covered
with topmost low velocity layer which, in most cases, is
weathered within which surface waves are excited and
generated. Immediately below the Benin Formation is the
reservoir sand of the Agbada Formation which is believed
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Figure 2. Tectonic and Geologic map of the Niger delta (After www.intechopen.com).
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Figure 3. Seismic survey line of the study area.

to house the oil and gas resource of the Niger Delta. The
Agbada Formation consists of unconsolidated to slightly
consolidated paralic siliciclastic sequence of sandy unit
with minor shale intercalations of about 4500 m thick
(Weber and Daukoru, 1975). In the lower portion of the
formation, shale and sandstone beds are deposited in
equal proportion (50%), however, the upper section is
mostly sand (75%) with minor shale intercalations. The
Akata Formation at the base of the Delta is of marine
origin and is composed of thick shale sequences
(potential source rock), turbidite sand (potential reservoirs
in deep water), and minor amounts of clay and silt. The
formation underlies the entire delta, and is typically
overpressured (Evamy et al., 1978; Doust and Omatsola,
1989).

2700

METHODOLOGY

The data used in this study is a processed PSTM 3D seismic
section acquired from an X-Field in the eastern Niger Delta field.
The 3D data was acquired using split geometry on a brickwork
acquisition pattern. This involves laying of the geophone and other
accessories on the receiver lines and detonate explosives on the
perpendicular source line to generate seismic energy, which is
reflected and recorded on magnetic tape via the recording
instrument. A source-receiver line spacings of 300 m, shot-receiver
intervals of 50 m along the source - receiver lines, 24 m source
depth and single shot dynamite was adopted (Figure 3). The
acquisition was primarily targeted at a structure less than 2.6 s two
way time (TWT), with a target bandwidth of 10 to 60 Hz.

The 3D PSTM reflection data was analyzed for fixed inline (2770)
and varying cross lines (6250 to 6609) for fault interpretation and
characterization, horizon mapping and attribute characterization
(Figure 4). The identification of faults and mapping of seismic



152 Int. J. Phys. Sci.

-1400-1

1600

<1800

~2000

232001

-2400

-2600

Figure 4. A 3D PSTM section of X- Field (In line 2770).

(1) MARK COORDINATES (NORTH - SOUTH) ON EITHER TOP OR BOTTOM OF SEISMIC SECTION
DEPENDING ON CHOICE OF THE INTERPRETER

(2) ASCERTAIN THE POLARITY OF SEISMIC DATA IN USE

(3) IDENTIFY SEISMIC REFLECTION EVENTS ON SECTION ALONG THE CROSS LINES FOR FIXED
INLINE

(4) NOTE THE TREND OF THIS REFLECTION EVENTS ON THE SEISMIC SECTION

(5) DOT OBSERVED DISCONTINEUITIES BASED ON CONTRAST IN REFLECTION STRENGHT
(AMPLITUDES)

(6) JOIN THE DOTTED POINTS TO REVEAL IDENTIFIED FAULT PLANES

(7) FINALLY, CLASSIFY THE FAULTS BASED ON DIP DIRECTION AS EITHER
ANTHITHETIC OR SYNTHETIC OR BOTH

Figure 5. Workflow for the interpretation of the faults on the seismic section.

horizons were based on the work flows in Figures 5 and 6, continuity and configuration.
respectively. This entails visually inspecting the seismic section for

reflection discontinuities, vertical displacement of reflection events

and abrupt termination of events, overlapping of reflections and PRESENTATION OF RESULTS
changes in pattern and strength of reflection events across the

seismic section. Based on this, faults are delineated, horizons are . . -
mapped across the section and the reflection characteristics of the The field is an E-W elongate rollover anticline structure

section are analyzed in terms of reflection strength, amplitude, bounded by growth faults. It is both hanging wall/footwall
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(1) MARK COORDINATES (NORTH - SOUTH) ON EITHER TOP OR BOTTOM OF SEISMIC SECTION
DEPENDING ON CHOICE OF THE INTERPRETER

(2) ASCERTAIN THE POLARITY OF SEISMIC DATA IN USE
(3) STUDY THE CONTINUITY OF REFLECTION STRENGHT (AMPLITUDE) ON THE SEISMIC

SECTION

(5) FINALLY, PICK CONSISTENT LARGE PORTIONS OF SEISMIC SECTION WITH FAIRLY
UNIFORM REFLECTION STRENGH (AMPLITUDE) AS YOUR IDENTIFIED SEISMIC HORIZON

Figure 6. Workflow for the interpretation of seismic horizons on the seismic section.

closures with six prominent interpreted faults having good
throws on inline 2770 (Figure 7). There are one major
fault block F,, four synthetic (growth) faults F», F4, Fs, and
Fs that dips basin ward (SW) and one antithetic fault F5
dipping landward (NW). The faults types and
corresponding dip directions are shown in Table 1.

Three seismic horizons were mapped and designated
as H1l, H2, and H3 (Figure 8). The horizons were
delineated at 1700, 1950 and 2250 ms, respectively, by
laterally continuous reflection with medium-high
amplitudes. These horizons are indications of top
reservoir sands, which could be associated with both oil
and gas with/without water contact. Subsequently, these
were characterized in terms of their amplitude, reflection
strength, reflection configuration and continuity (Table 2).

Furthermore, the interpreted faults and seismic horizons
were extracted from the section to reveal the structural
texture of the field and map possible fault closures for
hydrocarbon accumulation (Figure 9). Results show that
several fault assisted closures abound in the study area,
which are potential sites for probable hydrocarbon
accumulation.

DISCUSSION

Structural evaluation of a 3D PSTM seismic data from the
southern part of an X-Field in the eastern onshore Niger
Delta field has been attempted. The study revealed that

the field is an E-W elongate rollover anticline structure
bounded by growth faults. The field is comprised of both
hanging wall/footwall fault assisted closures situated
mostly to west and central parts of the section, with five
prominent synthetic (F;, F,, F4, Fs and Fg) and one
antithetic (F3) growth faults. The synthetic faults trend
NE-SW and dips southwestward, while the antithetic fault
trend NW-SE and dips southeastward.

The fault closures are characterized by high amplitude
reflection events indicative of probable hydrocarbon
accumulation. Fairly high amplitudes and strong reflection
strength are characteristic of the fault boundaries in the
field. These are possible indications of the smearing of
the faults and sealing of the reservoirs by clays or shales,
which is adequate for trapping hydrocarbons within these
fault closures. These revelations suggest that both gas
and oil may be present in the field.

The study delineated three seismic horizons H,, H, and
Hs. H; is shallow while H, and Hs; horizons are deeply
buried. The deeper horizons (H, and Hi) are fault
truncated and have good fault closure for hydrocarbon
trapping. This is true for H, and Hj horizons with closures
in-between faulted blocks along the inline. The major
prospect is delineated mostly on the up thrown side of the
major structure building faults beyond 1800 ms on the
section along the seismic horizons H, and Ha.

The seismic horizons are characterized by reflections
with moderate-strong reflection strength, medium-high
amplitude, parallel-sub parallel-wavy and chaotic with
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Figure 7. Seismic section showing the 6 interpreted faults (In line 2770).

Table 1. Interpreted faults classified according to types and dip direction.

Fault Fault type Dip Direction
Fi Synthetic (major fault block) South West
F2 Synthetic (growth fault) South West
Fs Antithetic “ North West
Fa Synthetic “ South West
Fs Synthetic “ South West
Fe Synthetic “ South West

good reflection continuity. This continuity in reflection
suggests widespread and uniform deposition along the
strike direction. Moderate-strong reflection strength
implies a moderate variation in acoustic impedance
contrast in the lithofacies, whereas the moderate to
strong reflection and medium-high amplitude indicates
thick sand body with inter-bedding shales (Figure 8),
characteristic of a hydrocarbon reservoir in the Niger
Delta basin.

However, recent studies by several authors in the Niger
Delta (Ogboke, 2006; Oyedele et al., 2013; Obiekezie,
2014; Odoh et al., 2014), show that faults constitute the
main structural trap for hydrocarbons in the basin. These
authors attributed to the configuration and ability of the
Delta fault systems to form closures enclosing thick
reservoir sands with interbedded shale formations. They

concluded that the presence of fault assisted structural
closures are often times associated with probable
hydrocarbon accumulations after detailed analysis of the
seismic data.

The study area is a promising field with good structural
framework for hydrocarbon trapping and accumulation.
The majority of the faults in the field constitute the main
structural trap for hydrocarbon accumulation. Thick
reservoir sands with inter-bedded clays/shales within the
fault bound closures characterize the field. The inter-
bedded shales serve as good cap rocks to prevent
vertical migration and seepage of hydrocarbons into
overlaying sediment layers. The prospects for
hydrocarbon is high in the field and this could be further
ascertained by detailed quantitative analysis of 3D
seismic and well log datasets prior to field development.
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Figure 8. Seismic section showing the interpreted Faults and the three Seismic horizons (HI, H2 and H3).

Table 2. Interpreted attributes of the Seismic horizons.

Seismic Reflection

horizon strength Amplitude Configuration Continuity

Ha Moderate-Strong  Medium-High  Parallel-Sub parallel High-good and fault truncated

H> Very Strong High Sub parallel-Wavy High-good and fault truncated

Hs Weak Low Sub parallel-Wavy High-good, fault truncated and fairly chaotic to the west
Conclusion with thick sand facies and inter-bedding shales, which is

A structural evaluation of a PSTM 3D seismic data have
been presented along inline 2770 over an X-Field in the
eastern Niger Delta. The X-field is a promising prospect
with good structural frame work for hydrocarbon
accumulations. Five synthetic and one antithetic growth
faults with three seismic horizons were interpreted in the
section.

The seismic horizons have fault assisted hanging wall/
footwall closures with distinctive high amplitude reflection
events, which are indicative of probable hydrocarbon
accumulation. The horizons are characterized by
moderate to strong reflection strength, medium to high
amplitudes and good reflection continuity. These suggests
wide spread and uniform deposition of clastic sediments

characteristic of hydrocarbon reservoirs in the Niger Delta
basin. The prospects for hydrocarbon in the field are high
which can be explored.
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Figure 9. Interpreted section showing the Fault closures on the section.
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