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Introduction
The Niger Delta clastic wedge contains the 12th largest known 

accumulation of recoverable hydrocarbons, with reserves exceeding 34 
billion barrels of oil and 93 trillion cubic feet of gas [1]. Niger Delta 
province is one of the most prolific basins in Africa typified by six 
depobelt, notably offshore, coastal and central swamps, Northern Delta, 
Greater Ughelli swamp [2]. This has led to an extensive study of the 
Niger Delta depocenters after a long while of non-productive search 
in the Cretaceous sediments of the Benue Trough [2,3].The Niger 
Delta clastic wedge spans a 300,000 km2 area in Nigeria and the Gulf of 
Guinea offshore [4], with a sediment volume of 500,000 km3 [5] and a 
sediment thickness of over 10 km in the basin depocenters [6]. 

The delta can be divided into sub-environments that have distinctive 
characteristics and facies. These deposits have been divided into three 
large- scale lithostratigraphic units: (1) the basal Paleocene to recent 
pro-delta facies of the Akata formation, (2) Eocene to recent, paralic 
facies of the Agbada formation, and (3) Oligocene-recent, fluvial facies 
of the Benin formation [7-9]. These Formations become progressively 
younger farther into the basin, recording the long-term progradation 
of depositional environments of the Niger delta onto the Atlantic 
Ocean passive margin. Stratigraphy of Niger delta is complicated by 
the syndepositional collapse of the clastic wedge as shale of the Akata 
Formation mobilized under the load of prograding deltaic Agbada and 
fluvial Benin Formation deposits. A series of large-scale, basin ward-
dipping listric normal fault formed as underlying shale diapired upward. 
Blocks down dropped across these faults filled with growth strata, 
changed local depositional slopes, and complicated sediment transport 
path into the basin. Studies on the lithofacies and morphology of the 
sub aerial and marine parts of the delta have been carried out by Pugh 
[10], Hill and Webb [11], Allen [12-15] and Oomkens [16]. While work 
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on the constructive and destructive delta building episodes are well 
documented in Weber and Daukoru [17], Agagu [18] and Whiteman 
[9]. Evamy [7] studied the hydrocarbon habitat in the basin. Larue 
and Legarre [19] characterized the Meren E-01 reservoir in the study 
area. These authors all indicated that the Agbada Formation is the main 
hydrocarbon habitat in the basin. 

It has been observed over the years that hydrocarbon exploration 
and exploitation attention has been on structural traps [20]. At present 
most of the identified structural closures on the shelf and upper 
slope have been drilled and the search for hydrocarbon is becoming 
increasingly more difficult and expensive [21]. Combined geophysical 
well logs and seismic stratigraphy approach will no doubt be an 
effective exploration tool to delineate lithology, lithofacies, sequences 
and depositional environment, hydrocarbon reservoirs. The main 
objective of this study was to carry out a seismic stratigraphic analysis 
of the Agbada Formation in the vicinity of well M and to characterize 
reservoir units in it. In order to delineate seismic sequences and seismic 
facies and establish petroliferous system tracts within the seismic 
sequences, identify the lithology sequences in the well and evaluate the 
petrophysical properties of the reservoir units. 
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depositional environments range from marine, deltaic to fluvial 
environments [17,23].

Akata Formation is about 6400 m thick at the center of the clastic 
wedge; the lithologies include dark gray shale and silts, having streaks 
of sand which their origin could be from turbidite flow. The age of this 
Formation ranges from Paleocene to Recent. This Formation grades 
vertically into the Agbada Formation with abundant plant remains and 
micas in the transition zone [2].

Agbada Formation extends throughout Niger Delta clastic wedge 
and has a maximum thickness of about 3962 m. The lithologies of 
this Formation include alternating sands, silts and shales. Strata in 
this Formation are believed to have been produced in fluvial–deltaic 
environment. Agbada Formation ranges from Eocene to Pleistocene in age.

Benin Formation is the top of the clastic wedge Niger Delta. The 
top of this Formation consists of the recent subaerially exposed delta 
top surface. The shallow part of Benin Formation is made up of non-
marine sands that were deposited in either upper coastal plain or 
alluvial depositional environments [2]. Benin Formation ranges from 
Oligocene to Recent in age [8].

Agbada Formation is the main reservoir in the Niger Delta clastic 
wedge. The ratio of gas to oil tends to increase toward the south within 
the depobelts in the Niger Delta. This is because of the complexity in 
the distribution of hydrocarbons in the basin [2].

The source rock in the Niger Delta consists of marine shale of 
Akata Formation. It could also consist of marine interbedded shales 
in the Agbada Formation as well as the underlying Cretaceous shale 
[2,7,24,25].

The primary seal rocks are the interbedded shale that occur in the 
Agbada Formation.

Location of Study Area
Well M is located in the Eastern offshore Niger delta Basin, 

where sequences of thick clastic material of the Agbada Formation 
were deposited in the deltaic fluvio-marine environment. The precise 
location of well M is classified (Figure 1).

Geological Framework 
The clastic wedge of the Niger Delta occurs along a failed arm 

of a triple junction system which was initially formed in the period 
of a breakup between the plates of South America and Africa, a 
process which occurred in the Late Jurassic [9,22]. Synrift sediments 
accumulated during the Cretaceous to Tertiary, with the oldest dated 
sediments of the Albian age. The thickest successions of synrift marine 
and marginal marine clastics and carbonates were deposited in a series 
of transgressive and regressive phases [2]. The synrift phase finished 
with basin inversion that occurred in the Late Cretaceous. Renewed 
subsidence occurred as the continents separated and the sea transgressed 
the Benue Trough. The Niger Delta clastic wedge prograded into the 
Gulf of Guinea at an increase rate that was so steady in order to respond 
to the evolution of these drainage areas and continued basement 
subsidence. Regression rates increase in the Eocene, with an increasing 
volume of sediments accumulated since the Oligocene. The movement 
of deep seated, over-pressured, ductile, marine shale of the Akata 
Formation within the basin produced normal faults in the basin. The 
shale tends to have deformed the clastic wedge of the Niger Delta [2]. 
Most of these faults are syndepositional and were produced during the 
progradation of the Delta. The examples of faulting styles in the Niger 
Delta are shown in Figure 2.

The clastic Niger Delta has three major lithostratigraphic units 
which include Akata, Agbada and Benin Formations (Figure 3); 

Figure 1: Location map of study area (modified after Corredor et al.).
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Figure 2: Stratigraphy of the Niger Delta Basin (Doust and Omatsola).
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Data Availability 
The study was initiated with the collection of data. The data consist 

of electronic copy of seismic section and a suit of well logs from well M 
in the eastern offshore Niger delta basin. The well log suit consists of 
gamma ray (GR), spontaneous potential (SP), resistivity (ILD, ILM), 
porosity (density and neutron) and photoelectric logs. 

Methodology
The seismic section were used for seismic stratigraphic analysis 

while the wire line logs were used in evaluating petrophysical properties 
and Interpretation was done using commercial Petrel software which 
is an interactive software to estimate all the parameters needed for 
seismic stratigraphy and petrophysical characterisation of reservoirs. 
Petrophysical evaluation was concerned with the rock proportion that 
determines the quality, quantity and recoverability of hydrocarbon in a 
reservoir. Since the potential and performance of a reservoir depends 
on the porosity, permeability and fluid saturation. The relationships 
among these properties are used to identify and evaluate reservoirs. 
Hence the following properties were evaluated: shale volume, porosity, 
permeability, hydrocarbon and water saturation, bulk water volume 
and net pay. The various logs were used to evaluate the above properties 
although not without the help of others.

Shale volume (VSh)

The Gamma Ray index (IGR) was used to determine the amount 
of shale that is present in each of the reservoir Formations. Since GR 
readings increase with increase in shale content. The volume of shale is 
very important to note because it is used to evaluate other petrophysical 

parameters like reservoir net thickness, irreducible water saturation 
(Swirr), effective porosity and thus the permeability. The gamma ray 
index (IGR) was determined from the equation 1 below:

log min

minmaxGR

GR GR
I

GR GR
−

=
−

 			                 (1)

Where, GRlog = GR reading of Formation 

GRmin = minimum GR reading (clean sand or carbonates)

GRmax = maximum GR (shale base line value)

The volume of shale was then determined using the Lavrionov [26] 
equation 2

Vsh= 0.083(23.71GR_1.0) 				                    (2)

For Tertiary rocks, since reservoir of the Agbada Formation are of 
Tertiary age.

Porosity (Ø)

Porosity which is a measure of reservoir storage capacity is defined 
as the ratio of the void volume to that of the total rock volume and 
filled with fluids. Porosity is a relative measurement and commonly 
expressed in decimal/fractional units or else as percentage. The porosity 
logs used are Neutron and Density. From the Neutron and Density logs 
the porosity (Ø) of each of the reservoirs units was determined using 
the equation 3 below: 

  ( )N D DØ Ø Ø+=
				                  

(3) 

Where, ØN= Neutron porosity obtained from Neutron log.

Figure 3: Niger delta oil field structures and associated traps (Stacher).
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wBVW S Φ=  				                (13)

It is important in that it indicates whether or not a reservoir is at 
Swirr. At Swirr, a reservoir produces Water –free hydrocarbons because 
all the formation water is held through surface tension or capillary 
pressure by the grains. A reservoir at Swirr exhibit BVW values that are 
constant or nearly constant throughout [27]. This means that when 
BVW is calculated at different points through an interval, the values 
should be the same or very close to the same for an essentially water-
free completion.

Net pay zone 

Net reservoirs thickness interval that contains movable 
hydrocarbons. The bases for cut –off criteria include; reservoir lithology 
(low Vsh), storage capacity for fluid (porosity), flow capacity (K).

Results and Interpretations
Seismic stratigraphic interpretation 

Three seismic sequences (Figure 4) were mapped within a time 
window of 600-2200 ms. The sequences were mapped from discordant 
and /or concordant relationship of rock units at the sequences 
boundaries. These intervals were defined primarily on the basis of 
seismic reflection patterns and seismic facies. The sequence boundary 
(SB) is laterally extensive and conformable in stratigraphic order from 
the oldest (S1) to the youngest (S3). The Table 1 are below give the 
characteristics of seismic sequences.

The seismic facies are characterized by the following; TWTT/ms.

Facies 1 (F1) is parallel continuous and wavy reflection with low-
high amplitude of low frequency. They indicate uniform sedimentation 
for an infill or a sequence on top of a subsiding substratum [28]. The 
parallel continuous and wavy geometry indicates rippled sand of 
subaqueous delta platform. The high amplitude reflection character 
points to the vertical alternation of contrasting lithology typically of 
the Agbada Formation that is alternating sand/shale while the low 
amplitude indicates similar lithology on both sides of the interface that 
is sand /silt sand which is a lithologic characteristics of reservoir of the 
Agbada formation [29]. 

Facies 2 (F2) is parallel, continuous and even, low-high amplitude 
with low frequency and is composed of channel deposits. The 
channel sand is interpreted to be stratigraphic trap and serve as the 
major reservoir in the area [30]. The channel is deltaic distributaries 
of a prograding delta. The parallel geometry indicates uniform 
sedimentation with cross bedded sands. The high -low amplitude 
indicates contrasting lithology of the Agbada Formation.

Facies 3 (F3) is sub parallel continuous reflection of low- high 
amplitude. The sub parallel geometry indicates a fairly uniform 
sedimentation condition [28]. The high continuity of the subparallel 
reflections in this facies is more diagnostic of delta front in the delta 
platform than delta plain. The amplitude varies vertically and laterally. 
The portion with high amplitude indicates constant delta sandstone/
prodelta shale lithologic contrast while the moderate amplitude 
suggests presence of less contrasting lithology [31].

Facies 4 (F4) is hummocky reflection configuration with low-
high amplitude. It is characterized by short, curved and discontinuous 
reflection. It interpreted as the result of a cut and filled and contorted 
bedding [32]. The contorted bedding is the result of water escaping 
during burial. It is characterized by over-steeping of the sedimentary 
lamination of the prodelta.

ØD= Density porosity obtained from Density log.

Density porosity was derived from bulk density using the equation 4:

 

 
 

ma b
D

ma fl

Ø δ δ
δ δ

=
−
−

	 			                                (4)

δma=matrix density, δfl=fluid density,δb=bulk density.The effective’s 
porosity (Øe) for each reservoir zone was estimated using the equation 
5 below:

   e D sh shØ Ø V Ø= −  			                   (5) 

Where; Vsh ×  Øsh = shale bound water

Water saturation (Sw)

Water saturation (Sw) is the proportion of the pore space that is 
occupied by water. Saturation is a relative measurement and commonly 
expressed in decimal/fractional units or else as percentage. From 
porosity the formation resistivity factor (F) was calculated 

/ mF a Ø=  					                     (6)

Where, a is the tortuosity factor for sand given as 0.81, m is 
cementation factor given as 2.

The water saturation (Sw) of the reservoirs was then calculated using 
formation water resistivity (Rw) 

Rw=Ro/F (7)

in the Archie (1942) equation 

Sw=
F Rw

Rt
×

 					                    (8)

Where, Ro is resistivity of water bearing formation (ILD at water 
formation).

Rt is true formation resistivity (from ILD). Having determined Sw, 
hydrocarbon saturation (SHC) was then calculated from the equation 9:

 SHC=1-Sw 					                     (9)

Permeability determination (K)

Permeability is the capacity of a reservoir rock to permit fluid to 
flow. It is a function of interconnected pore volume; therefore, a rock is 
permeable if it has an effective porosity. For the permeability (K) of the 
reservoir to be determined, the irreducible water saturation, (Swirr) (that 
is the proportion of water adsorbed on a mineral surface or held within 
microspores by capillary action) must be known. Swirr is given as 

wirS c
=
Φ

 					                    (10)

Where C= constant (for sandstone 0.02-0.10).

The Wyllie and Rose, (1950) equation below was used to determine 
the K.

3

, (dryga7 s)9
wirr

K Ø
S

= ×  			                 (11)

3

, ( )250
wirr

Ø medium gravityoK ils
S

−= ×  		                 (12)

Bulk volume water (BVW)

The BVW in a reservoir is simply the product of the Water saturation 
(Sw) and the porosity (Ф) as given in equation 13.
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Figure 4: Variable density seismic display with interpreted seismic sequences (S1, S2, S3) with sequences boundary (SB1-SB4) and seismic facies (facies 
1-facies 5).

Seismic sequences Boundary Amplitude Reflection pattern Environment of deposition

S1
Base concordant High

Parallel continuous and even Delta platform
Top concordant Low

S2
Base concordant Low

Sub parallel with fair continuity Delta platform
top concordant High

S3 Base concordant high hummocky Delta slope

Table 1: Characteristic of seismic sequences.
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Facies 5 (F5) is chaotic seismic facies unit, discontinuous discordant 
reflection of variable amplitude due to the presence of deformed over 
pressured shale resulting from improper dewatering during rapid 
burial of the sediments [29]. The facies consists of reflection free zones 
where the acoustic impedance contrasts are weak. This interpreted to 
be a rather homogenous gross lithology [28]. It can be thick shale of the 
Akata formation.

System tracts

Seismic well- tie (Figure 5) was carried out and reveal that out of the 
four sequences boundary identified base on seismic facies characteristics 
two actually tie with the well log with SB1 being a maximum flooding 
surface (MFS) and SB2 a sub aerial conformity (or just SB). Therefore, 

Figure 5: Seismic well tie with sequences boundary and maximum flooding surface illustrating high stand system tract.

Table 2: Summary result of average petrophysical parameter in the various reservoirs zones in well M.

zones Depth (m) Vsb (v/v) Ø (v/v) Øe (v/v) Sw (Y/v) Suc(v/v) K (md) BV\V Net pay Fluid type
A 1948-1950 0.048 0.281 0.198 0.794 0.206 2094.782 0.165 2 Gas
B 1960-1967 0.05 0.192 0.127 0.713 0.287 1565.259 0.128 7 Gas
C 1968-1971 0.043 0.423 0.098 0.693 0.307 2938.939 0.295 3 Gas
D 1973-1990 0.1 0.244 0.11 1 0.561 0.438 359.513 0.132 17 Gas
E 1993-2000 0.106 0.27 0.229 0.47 0.53 192.052 0.127 7 Gas
F 2016-2018 0.148 0.285 0.233 0.803 0.197 12,397.90 0.229 2 Gas
H 2035-2045 0.037 0.233 0.214 0.562 0.474 13.702 0.121 10 Gas
I 2050-2065 0.051 0.238 0.199 0.576 0.424 20.444 0.154 15 Gas
J 2080-2087 0.043 0.247 0.192 0.323 0.677 61.414 0.045 7 Gas
K 2093-2103 0.045 0.255 0.245 0.258 0.742 133.4 0.067 10 Gas
L 2110-2122 0.067 0.239 0.23 0.284 0.7 16 204. 163 0.074 12 Gas
M 2133-2138 0.113 0.229 0.180 0.379 0..621 5.078 0.087 5 Gas
N 2140-2150 0.087 0.235 0.21 0.365 0.634 9.111 0.161 10 Gas
O 2163-2167 0.019 0.221 0.215 0.73 0.27 45.201 0.161 4 Gas
P 2177-2183 0.074 0.239 0.216 0.529 0.471 15.9 17 0.157 6 Gas
Q 2198-2202 0.061 0.236 0.177 0.654 0.346 14.628 0.171 4 Gas
R 2208-2220 0.099 0.222 0.211 0.707 0.293 213.36 0.141 12 Gas
S 2237-2245 0.08 0.224 0.208 0.732 0.268 3739.007 0.164 8 Gas
T 2177-2183 0.031 0.224 0.213 0.774 0.226 95.377 0.167 10 Gas



Citation: Ndip EA, Agyingyi CM, Nton ME, Oladunjoye MA (2018) Seismic Stratigraphic and Petrophysical Characterization of Reservoirs of the 
Agbada Formation in the Vicinity of ‘Well M’, Offshore Eastern Niger Delta Basin, Nigeria. J Geol Geophys 7: 331. doi: 10.4172/2381-
8719.1000331

Page 8 of 9

Volume 7 • Issue 2 • 1000331J Geol Geophys, an open access journal
ISSN: 2381-8719

well M was drilled in a High stand system tract (HST) that is found in 
a time window of 1620-2280 ms with an average thickness of 752.4 m.

The HST is interpreted to consist of an aggradational to 
progradational set of parasequences that overlies the MFS with 
distributary channel- fill reservoir sand. The reservoir has a very good 
lateral continuity along the strike of the basin as interpreted from 
the seismic characteristic of parallel continuous and even low-high 
amplitude. The sand/mud ratio and the reservoir connectivity tend to 
increase and improve upward as the decreasing rates of base-normal 
regression.

Petrophysical results

Table 2 is a summary result of average petrophysical parameter in 
the various reservoirs zones in well M. The average reservoir porosity 
(0.423-0.192) deceases with depth indicating that the reservoir quality 
is good [33]. This is because of the low shale volume in the various 
reservoirs zones. The low shale volume in the reservoirs zones can be 
attributed to the minimal cementation and compaction caused by the 
overburden pressure from the overlying rocks. The average permeability 
(12,397.895-5.078 md) in the reservoirs zones decrease with depth 
because of the overburden pressure, as reservoir zones at deeper depth 
are affected more. The water saturation is inversely proportional to the 
hydrocarbon saturation with the water saturation decreasing with depth 
because of increasing temperatures while the hydrocarbon saturation 
increases.

Discussion 
The seismic stratigraphic analysis have reveal three seismic 

sequences (S1, S2 and S3) mapped within a time window of 600 ms-
2200 ms with characteristic low-high amplitude, parallel continuous 
and wavy to sub parallel continuous reflection configuration deduced 
to be delta platform while hummocky reflection is delta slope [32]. The 
termination pattern of the boundary between S1 and S2, is concordant 
both the upper and lower boundary while S3 is bounded by concordant 
lower boundary and toplap upper boundary. The characteristic of these 
seismic sequences (S1, S2 and S3) is typically of the Niger delta basin 
[29,31].

Five seismic facies (F1-F5) were identified using the characteristic 
of amplitude, frequency, and continuity and reflection configuration. 
Their internal geometry ranges from parallel continuous and wavy, sub 
parallel continuous, hummocky and chaotic reflections configuration. 
These geometries can be due to variation in sedimentation rates, 
subsidence and/or burial effect, syndepositional differential tectonic 
movement [7,22] Seismic Facies 2 (F2) is the hydrocarbon habitat 
and is continuous parallel of low-high amplitude with low frequency 
and. It consists of channel sand deposit of deltaic distributaries of 
prograding delta. The channel is a stratigraphic trap and constitutes 
the main reservoir of well M [30]. These deposits were formed during 
aggradations to progradation of the delta and are Highstand system 
tract (HST) reservoir [7]. The channel sand of HST tends to confirmed 
with what Kulke [4] describe as reservoir units of the Agbada formation.

The lithologic sequences of well M consist of sandstones beds 
alternating with shale which indicates the Agbada Formation of Short 
and Stauble [8]. The average shale volumes in the reservoirs zones are 
low (0.031-0.148) and are similar to works of Anyiam [34]. The low 
shale volume is responsible for the very good porosity and permeability 
of the reservoirs zones in well M. The reservoir zones are completely 
saturated with gas and the reservoir sand are described as gas bearing 
sand by Adaeze [35].

Natural gas is derived from Type III kerogen which formed from 
terrestrial material, with origin from fibrous and woody plant fragment 
and structure less colloidal humic matter [36] and the Agbada 
formation is made up of paralic sediment that is mixed continental and 
brackish water and marine deposits, the Type III kerogen might be the 
source of this high occurrence of gas. The average water saturation in 
the reservoir ranges from 0.258-0.803 while the average hydrocarbon 
saturation ranges from 0.197-0.742. The water saturation is inversely 
proportional to the hydrocarbon saturation. The low water saturation 
might be due to the source rocks (shale) since they have been subjected 
to maturation temperatures (>175˚C) for a considerable length of time 
for gas generation [37].

The nearly constant bulk volume water value in the reservoirs 
implies the reservoir is at irreducible water saturation and can produce 
water free hydrocarbon under reservoir pressure [24]. The net pay (2-
17 m) and the high hydrocarbon saturation make these reservoirs good 
for exploitation. 

Conclusion
Seismic Stratigraphy analysis revealed three seismic sequences (S1, 

S2 and S3). The depositional environment has prograded from delta 
platform (delta front) down to the wave dominated prodelta /slope. 
Seismic facies analysis also reveals that there is a vertical alternation 
of contrasting lithology (sand/shale) in the seismic sequences. 
Five seismic facies (F1-F5) were identified based on the amplitude, 
frequency, continuity, and reflection configuration. Facies 2 (F2) reveal 
channels sand deposits of deltaic distributaries of prograding delta. 
These deposits were form during aggradation to progradation of the 
delta and are HST reservoirs.

Petrophysical evaluation reveals the reservoir quality, quantity and 
recoverability of hydrocarbon in each of the reservoir zones within well 
M. From the petrophysical results the reservoirs have average porosity 
of 0.192 -0.423 and average permeability of 5.078-12,397.895 md 
because of the low shale volume and are consider as suitable reservoirs. 
The high hydrocarbon saturation from 0.197-0.742 combined with 
the net pay thickness of the reservoirs make these reservoirs suitable 
for hydrocarbon exploitation. Seismic stratigraphic and petrophysical 
characterisation have shown that the reservoirs qualities of well M are 
petroliferous. The results of this research will serves as an exploration 
guide in the Niger delta basin and further petroleum exploration in the 
area with channel fills as target.
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