@eoStudies

GeoStudies 3: 45-56 (2026)
DOI: 10.3897/geostudies.3.e195608

Research Article

Enhancing litho-fluid discrimination in Niger Delta reservoirs
using TCCA-optimized Poisson Impedance

Michael Ohakwere-Eze'

1 National Open University of Nigeria, Abuja, Nigeria
Corresponding author: Michael Ohakwere-Eze (michael.ohakwereze@gmail.com)

OPEN 8ACCESS

Subject editor:

Maria Kostadinova-Avramova
Received: 14 April 2026
Accepted: 29 June 2026
Published: 27 July 2026

Citation: Ohakwere-Eze M (2026)
Enhancing litho-fluid discrimination
in Niger Delta reservoirs using TCCA-
optimized Poisson Impedance.
GeoStudies 3: 45-56, https://doi.
0rg/10.3897/geostudies.3.e195608

Copyright: © Michael Ohakwere-Eze.
This is an open access article distributed under
terms of the Creative Commons Attribution

License (Attribution 4.0 International - CC BY 4.0).

Abstract

Traditional seismic inversion often struggles to differentiate sandstone reservoirs from
surrounding shales in the Niger Delta due to overlapping P- and S-impedance contrast.
This study utilizes Poisson Impedance (Pl), optimized through the Target Correlation
Coefficient Analysis (TCCA) method, to overcome these limitations. By iteratively cor-
relating the PI curve with Gamma Ray (GR) and Water Saturation (Sw) logs, optimal
rotation factors, ¢ values were determined to isolate lithological and fluid properties,
such that the value which gave the maximum correlation coefficient for GR and Sw were
used to derive two new attributes namely Lithology impedance (LI) and Fluid Impedance
(FI) respectively. The results identified an optimal c value of 1.324 for Lithology Imped-
ance (LI) (max correlation: 0.758) and 1.296 for Fluid Impedance (FI) (max correlation:
0.633). Cross-plot analysis of these derived attributes successfully separated sand-
shale facies and identified hydrocarbon-bearing zones. Application to pre-stack seismic
data produced LI and FI volumes consistent with well-log observations, indicating that
TCCA-derived Poisson Impedance is an effective tool for high-resolution reservoir char-
acterization in complex deltaic environments.

Key words: Fluid identification, lithology discrimination, Niger Delta Basin, Poisson im-
pedance (PI), seismic reservoir characterization

Introduction

The increase in demand for oil and gas has motivated geoscientists to
search for new reservoirs. This is possible only when the lithology and fluids
can be differentiated in the reservoir before exploration, development and
production can begin. Several attributes exist for a robust discrimination of
lithology and fluid content by crossplotting a pair of these attributes. Notable
among these attributes is the combination Ap, yp whose crossplot shows
an enhanced separation between gas sand and background shale (Abbey et
al. 2018; Austin et al. 2018; Shakir et al. 2021). On these crossplots, it may
be difficult to discriminate the litho-fluid distribution where clusters are not
completely separated (Nwankwo et al. 2015). But in such cases, rotating the
axes to be parallel with the trends would ensure a distinct discrimination of
the litho-fluid distribution (Sharma and Chopra 2013). This underscores the
importance of Poisson Impedance.
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The term “Poisson Impedance” (Pl) is an attribute that is derived from a com-
bination of the P- and S-impedance (SI) values and is a good hydrocarbon indi-
cator (Quakenbush et al. 2006).

Fig. 1 shows a schematic representation of P-impedance versus S-imped-
ance crossplot with shale, brine sand and oil sand distributions. The data clus-
ters are not discriminated along the P-impedance or S-impedance axes alone,
but with rotation of the axes parallel with the trends, the data clusters in this
case can be perfectly discriminated into the various litho-fluid distributions.
In a conventional Acoustic Impedance (Al) versus S| crossplot (before rota-
tion), data points representing various lithologies and fluid types often overlap,
masking clear discrimination.

Figure 1. lllustration of Poisson Impedance distribution after rotation (After Quaken-
bush et al. 2006)

Several studies have subsequently demonstrated the utility of TCCA-opti-
mised Pl across diverse geological settings. Sharma and Chopra 2013 adopted
the method to derive two distinct Pl attributes namely Lithology Impedance (LI)
and Fluid Impedance (Fl), by separately correlating Pl with Gamma Ray (GR)
and porosity () logs. Similarly, Rosid et al. (2019) demonstrated that LI and Fl
volumes from TCCA optimisation could separate sand from shale and map wa-
ter saturation in the South Sumatra Basin. More recently, Nagendra Babu et al.
(2022) successfully delineated lithofacies in complex fluvial-deltaic deposits in
Northeast India using an integrated framework that combined TCCA, Pl inver-
sion, and Bayesian classification. However, despite these applications, there
remains a conspicuous dearth of research on the TCCA method for deriving LI
and FI specifically within the Niger Delta, particularly the integration of LI and
Fl volumes with validation through Fluid Replacement Modelling (FRM). This
study further evaluates a systematic application of TCCA to two distinct target
logs, Gamma Ray (GR) as a lithology indicator and Water Saturation (Sw) as a
fluid indicator, to derive two separate impedance attributes, LI and Fl, within a
single integrated workflow for the Niger Delta. Furthermore, this study uniquely
supports the sensitivity of the Fl attribute to fluid changes using FRM.
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Geological setting of the study area

the study area is located within the Niger Delta sedimentary basin (Fig. 2). The
Niger Delta basin, situated in the Gulf of Guinea along the West African passive
margin, is one of the world’s most prolific hydrocarbon provinces and serves
as the locale for this investigation. It is generally subdivided into three distinct
lithostratigraphic units from base to top: the prodelta and marine shales of the
Paleocene Akata Formation, the paralic sequence of sand and shale of the
Eocene to Miocene Agbada Formation which constitutes the principal hydro-
carbon-bearing interval, and the continental sands of the Miocene to Recent
Benin Formation. The principal reservoir targets are the sandstone units within
the Agbada Formation, which exhibit a heterogeneous composition of stacked
shallow marine fluvial-deltaic sediments interspersed with significant marine
shale units, leading to substantial lithological variability at both bed and seis-
mic scales (Nwankwo et al. 2015; Olayiwola and Bamford 2019).

Structurally, the basin is characterized by syn-sedimentary growth faulting and
shale diapirism, driven by gravitational instability resulting from rapid Neogene
sedimentation (Obi et al. 2025). This structural style generates a complex array
of fault systems, including large basin-scale growth faults and toe thrusts, which
create rollover anticlines and compartmentalized reservoirs (Nwankwo et al.
2015). These intricate structural elements, in combination with the interbedded
sandstone-shale sequences of the Agbada Formation, result in highly hetero-
geneous reservoirs. This occurs where sandstone reservoirs frequently display
overlapping P- and S-impedance values with adjacent shales. This overlap caus-
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Figure 2. Map of Nigeria, showing the study area (Akwa Ibom State).
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es conventional seismic attributes to often lack the necessary sensitivity to dif-
ferentiate between lithology and pore-fluid effects. Consequently, reservoir char-
acterization in this deltaic setting is plagued by significant ambiguity, as typical
acoustic impedance contrasts cannot reliably distinguish hydrocarbon-charged
sands from wet sands or encasing shales (Aleardi and Ciabarri 2017). This poor
discrimination of lithology and fluids using standard impedance methods in a
complex, fault-dominated deltaic system, has directly motivated the deploy-
ment of a more sophisticated attribute, such as the TCCA-optimized Poisson
Impedance attribute, to enhance reservoir characterization reliability.

THEORY AND METHODS

The dataset for this study was provided by Shell Petroleum Development Com-
pany (SPDC), Nigeria through the Department of Petroleum Resources (DPR)
under strict confidentiality for academic purposes. It comprises 3D pre-stack
seismic data in SEG-Y format and suites of exploration wells with digital log data
including gamma ray (GR), resistivity, porosity, density, compressional-wave
sonic (Vp), and check-shot data. All data were conditioned before analysis. All
computational procedures were carried out using the Hampson-Russell soft-
ware suite, provided by Halliburton through its Landmark University Grants Pro-
gram under a valid academic license.

For Poisson Impedance (PI) optimization, the Target Correlation Coefficient
Analysis (TCCA) method introduced by Tian et al. (2010) was implemented it-
eratively. A range of rotation factor c values from 0.5 to 2.0 was tested with a
step size of 0.002. For each trial value of ¢, the Poisson Impedance (PI) curve
was calculated using equation (7).

Pl = Al - c*SI 1)

Where Al is P-impedance, Sl is S-impedance.

The Pearson correlation coefficient between the Pl curve and the GR log (li-
thology indicator) and, separately, between the Pl curve and the Water Satu-
ration, Sw log (fluid indicator) was computed over the reservoir interval. The
optimal c for lithology discrimination was selected as the value that maximizes
the absolute correlation coefficient with Gamma Ray (GR), yielding ¢ = 1.324
with a maximum correlation of 0.758. The optimal ¢ for fluid discrimination
was selected as the value that maximizes the absolute correlation coefficient
with Sw, yielding ¢ = 1.296 with a maximum correlation of 0.633. Hence, two
attribute of Poisson Impedance can be derived namely Lithology Impedance
(LI) and Fluid Impedance (FI). Direzza et al. 2012, computed a fluid impedance
(FI) using a c value that corresponds to the maximum correlation coefficient for
the porosity curve. These criteria ensure that the derived attribute is physically
tied to the desired reservoir property.

Crossplot of LI versus GR is expected to discriminate between sandstone and
shale while crossplot of Fl versus Sw is expected to identify the Hydrocarbon.
Fluid Replacement Modeling (FRM) was performed on the logs to support the in-
terpretation of the strength of the Fl log. The prestack seismic data was inverted
for the Al and Sl volumes from which the Pl attribute volumes was derived, test-
ed and interpreted and compared with the corresponding log-derived attributes.
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Results

the P-impedance versus S-impedance crossplot (Fig. 3) reveals that the sand-
stone cannot be effectively separated from shale as seen from the almost line-
ar P- and S- Impedance crossplot.

The LI versus GR crossplot (Fig. 4) show the advantage of LI in distinguishing
sandstone (red zone) from shale (grey zone) as seen from the different clusters.
For LI, a cutoff value of LI < 6400 ft/s*g/cc was determined empirically from the
available dataset. It was identified as the value that optimally separates the
hydrocarbon-bearing sand cluster from the background lithologies (shale and
non-reservoir intervals) on the crossplot of LI versus GR (Fig. 4a). This value
corresponds to the inflection point where the shale cluster diverges from the
sand cluster along the LI axis. The Fl versus Sw crossplot show that the fluid
content can be predicted from its almost linear relationship there by confirming
that low FI values are reliable indicators of hydrocarbon-bearing zones (Fig. 5).

Fluid Replacement Modeling (FRM)

The FRM allows the derivation of logs output for different quantities or type of
fluid saturation especially compressional sonic (Vp), shear sonic (Vs), and Den-
sity (p). The Biot-Gassmann equations as given by Gregory (1977) were used
to convert the actual P-wave log within the mapped reservoir in Well A to fully
water saturated (wet). Then, Fl-wet is calculated by using the FRM logs; Vp-wet,
Vs-wet and p-wet as shown in Fig. 6.

Figure 3. Crossplot of P-impedance (Al) versus S-impedance (SI) from well logs over the reservoir interval.
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Figure 4. a. Crossplot of Lithology Impedance (LI = Al - 1.324-Sl) versus Gamma Ray (GR). b. Depth cross section of LI
and GR.
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Figure 5. a. Crossplot of Fluid Impedance (FI = Al - 1.296-Sl) versus Water Saturation (Sw). b. Depth cross section of Fl
and Sw.

It can be seen that within the mapped zone, Fl-wet log exhibits lower imped-
ance response compared with the actual Fl log signature, contrasting with a high-
er Fl-wet response observed outside this zone (track 4). This is consistent with
Fluid Impedance being a viable and robust attribute in identifying fluid content.

Generally, the LI log has similar trend with the GR log (track 5) as well as the
Fl log with the Sw log (track 6). Qualitatively, the presence of hydrocarbon sand-
stone reservoir can be represented by both low LI and FI (Fig. 6).

GeoStudies 3: 45-56 (2026), DOI: 10.3897/geostudies.3.e195608 50



Michael Ohakwere-Eze: Enhancing litho-fluid discrimination using TCCA-optimized Poisson impedance

Time
L]

1700

1750

1800

1850

1500

1950

2000

2050

2100

2150

2300

Well_a
(®=523415.00m, y=108600.00m) Elevation: kb=58.23ft, surface=58 23ft, SRD: 58.23ft (same as surface)
*P-wave_corr 1_wet *S-wave_trans_wet *Density_1_wet Fluid-Impedance_wet Poiszons_Impedance_1. Water Saturation_trans
5000 fils 20000 2500 fils 10000 15 glee 3 4000 (ft's)*(g/c 11000 5000 (ft's)*(g/c 10000 0 0.5w 1
T T 1T T 1T T 1T T 1T T 1T T 1
TVD(ft)
P-wawe_corr 1 S-wave_trans Density_1 Poizsons_Impedance_1. Gamma Ray_1 Poizsons_Impedance_1. fram
5000 fils 20000 2500 fiis 10000 1.5 gicc 3 5000 (ft's)*(g/c 11000 0 APl 150 5000 (ft'sp(g/c 11000 | kg
|- 6500
. S5 1 I = I —
I
% = I
T 11
=
m = - 7000
Il | [T L1 |
I I T
= = I I I
il | 1 1
il I 1
— 7500
] I I
t —
E = i
= 1 =
= = - 8000
L
- £~ =
= 1
| |
] = —H = 8500
3s = ' =
Famr;
1 Il [ 1 T I Il
3 T = I - LW I
1 | | 1 1 i |
— +
: |- 9000
I r u
1
=l Il Il !
| _l ] | | | |
= F 9500
"‘ I 11 |
— 1T T 11
T T T T T T T
Track 1 | Trackz2 | Tracks | Tracks4 | Tracks | Tracks |

Figure 6. Fluid Replacement Modeling and Poisson Impedance (PI) attributes comparisons at Well A.

Poisson impedance volume

The P- and S- Impedance volume which were obtained through inversion were
used as input parameters to derive LI and Fl. The LI volume (Fig. 7) shows
striking low values on the mapped time window that corresponds to the depth
on well likewise the FI volume (Fig. 8). The output Poisson Impedance volume
attributes with the low values indicates the hydrocarbon sand zone. This was
further validated on horizontal amplitude slices (100 ms window around the
target interval, i.e., 2100-2200 ms) on both attribute volumes at the depth/time
where the wells correspond to both low LI and FI anomalies across the survey
area (Figs 9, 10). The X-axis indicates the inline number (lateral dimension)
while the Y-axis indicates the crossline number (lateral dimension).

Discussion

the results are indicative that the derived Lithology Impedance (LI) and Fluid
Impedance (FI) attributes demonstrate the ability of improved separation of
sandstone from shale and hydrocarbon-charged zones from brine-saturated
sands, both at the well-log scale and when extended to the 3D seismic volume.
Conventional acoustic impedance (Al) alone proved inadequate for separating
sandstone from shale in the study area, as shown by the nearly linear Al-SI
trend in Fig. 3. The LI volume, in contrast, not only separates the two lithologies
cleanly but also provides a field-specific cut-off (6400 ft/s*g/cc) that can be
used to map sand distribution in interwell regions. Likewise, while Al can some-
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Figure 7. Vertical section through the Lithology Impedance (LI) volume with low values indicating sandstone.

Plot Data: Fluid_Impedance — S-Impedance
Inserted Curve Data: P-wave ((fi'z)*(gicc))

¥ling 1127 1131 1135 1138 1143 1147 1151 1155 1458 1163 1167 1171 4175 117% 1183 1187 1181 1195 1199
el AW e e

11000
10750
10500

10250
10000
750

=
ii'ﬂinn:n-‘
.f:"l

9500

1900

'= --_‘ﬂ:. a®

et 1
et __.‘_r',! L

sesn

2100 e 7250

a— -

| e ik

[t !

T i!"'“"""’iilllimill B ARG
ikl “"il’lll B L 6500

=

]
AEEETEmE

2300

Figure 8. Vertical section through the Fluid Impedance (Fl) volume with low values indicating hydrocarbon.

GeoStudies 3: 45-56 (2026), DOI: 10.3897/geostudies.3.e195608

52



Michael Ohakwere-Eze: Enhancing litho-fluid discrimination using TCCA-optimized Poisson impedance

Lithology_Impedance
Amplitude at 2200 ms
with a window of 100 ms centered
and showing the Arithmetic Mean.

Xline

=]

T T T T T T —T
2100 2200 2300 2400 25000 2600 BT

4 | 2

Inline

Figure 9. Time slice (100 ms window, 2100-2200 ms) extracted from the Lithology Impedance (LI) volume, showing the
lateral distribution of LI values across the survey area at the hydrocarbon-bearing interval.

Fluid_Impedance Color Key -
Amplitude at 2200 ms
with & window of 100 ms centered 8000

and showing the Arithmetic Mean.

Kline

T T T T T T T T T T - T T T - T T
5375 5400 5425 G450 5475 5500 5525 5550 5575 5600 5625 5650 5675 5700 5725
Kl | IO

Inling:

Figure 10. Time slice (100 ms window, 2100-2200 ms) extracted from the Fluid Impedance (FI) volume, showing the
lateral distribution of Fl values across the survey area.

GeoStudies 3(@): 45-56 (2026), DOI: 10.3897/geostudies.3.e195608 53



Michael Ohakwere-Eze: Enhancing litho-fluid discrimination using TCCA-optimized Poisson impedance

times indicate low-impedance zones associated with gas sands, it cannot re-
liably distinguish high-porosity brine sands from gas sands because both can
exhibit low Al. The FI volume, by exploiting the correlation with Sw, resolves
this ambiguity: low FI values correspond to Sw < 25%, effectively acting as a
direct hydrocarbon indicator. This has been shown in the rock-physics analysis
in Fig. 5a, revealing distinct clusters with the highlighted red zone identifying
the hydrocarbon-bearing scenario at the 25% Sw point on the crossplot where
the data clusters separate.

Quantitative interpretation of the crossplots thus suggests that the opti-
mised Poisson Impedance attributes effectively overcome the litho-fluid am-
biguity inherent in the Niger Delta’'s complex deltaic environment. The concept
of rotating the acoustic-impedance versus shear-impedance crossplot to
generate an optimised Poisson impedance was first introduced by Quaken-
bush et al. (2006), given that the appropriate rotation factor c is governed by
the background trend in a given basin. Following from Tian et al. (2010), this
study determines ¢ quantitatively by maximising the correlation between the
Pl curve and a target well log, rather than relying on a subjective visual trend.
Moreover, the strategy of deriving two separate attributes rather than a sin-
gle Pl volume, is physically meaningful because it allows lithology and fluid
effects to be isolated, which is particularly valuable when rock properties are
strongly coupled, as in the Niger Delta. Recent applications in deltaic settings
using single-Pl approach report an average c values of 1.37 for the Bonna field
(Akpan et al. 2021). Because the impedance contrasts that distinguish lithol-
ogy are not identical to those that distinguish fluid type, two different c values
are physically justified.

The successful generation of LI and FI volumes over a 3D seismic survey has
direct practical implications. In development settings, the LI volume can be used to
refine sand-body geometries and to identify compartments that may not have been
fully drained by existing wells. The Fl volume provides a means to map remaining
hydrocarbon saturation in mature fields, potentially revealing by-passed pay zones.
The amplitude slices of LI and FI (Figs 9, 10) both show low-value anomalies that
extend beyond the immediate well control, suggesting the presence of an undrilled
hydrocarbon accumulation to the southwest. This type of prospect-scale inference
would be difficult to achieve with conventional seismic amplitudes alone.

Conclusion

This study indicates the TCCA method potential in deriving two attributes of
Poissons Impedance (PI) within the study area which are Lithology Impedance
(LI) and Fluid Impedance (Fl). The results of the log curve show that the LI
effectively discriminate sandstone and shale while, Fl provide a potential fluid
content identification. These results are consistent with the Fl and LI volumes
obtained from the prestack seismic data which gives better visualization and
provides good interpretation for the reservoir within the study area.
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Appendix 1

SUMMARY QUTPUT

Regression Statistics

Multiple R 0.758024
R Square 0.574601
Adjusted R Square 0.57453
Standard Error 0.200784
Observations 6062
AMNOWVA
df 55 MS F gnificance F
Regression 1 329.9886 329.3886 8185.437 1]
Residual 6060 244.3035 0.040314
Total 6061 574.2921

Figure A1. Correlation analysis report for c value of 1.324.

SUMMARY QUTPUT

Regression Statistics

Multiple R 0.632944
R Square 0.400618
Adjusted R Square  0.400519
Standard Error 21.70779
Observations 6062
AMNOWVA
df 55 MS F gnificance F
Regression 1 1908666 1908666 4050.408 1]
Residual 6060 2855643 471.2281
Total 6061 4764309

Figure A2. Correlation analysis report for c value of 1.296.
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