
International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-7, Issue-6, June 2021 
ISSN: 2395-3470 

www.ijseas.com 

158 
 

Validating and Delimiting Blurred Stratigraphic Channel 
Feature Embedded in 3D Seismic Amplitude Data Using 
Geostatistics and Cepstral Decomposition in Niger Delta 

 

O.M. OrjiP

1
P*, S.A. UgwuP

2
P and H.O. NwankwoalaP

2 

P

1
PDepartment of Petroleum Engineering and Geoscience, Petroleum Training Institute, Effurun, Nigeria 

P

2
PDepartment of Geology, University of Port Harcourt, Nigeria 

Corresponding Author Email: orji_om@pti.edu.ng 

ABSTRACT  

Geologic discontinuities such as faults, fractures and variations in stratigraphy reveal themselves as abrupt, gradual and 
subtle changes of amplitudes resulting in complex and blurred seismic signatures due to their geometric behavior noise, 
etc., making them difficult to interpret using conventional technique Seismic edge detection technologies such as 
Coherence, Semblance, Spectral Decomposition etc.developed for interpreting stratigraphic settings like Channel sands 
and structural settings involving Complex fault systems in 3D seismic data have efficiency that is dependent on the 
precession and domain of the processing scheme adopted, hence the need for improved technology. In this paper, the 
results of the application of Geostatistical estimators and Cepstral transform in validating and delineating a blurred 
channel feature in the interpretation of 3D seismic data from Tomboy field, Niger Delta are presented. Geostatitical 
estimators of Kriging, Inverse Distance to a Power or Weight and Minimum Curvature characterize spatial or temporal 
variations that are incompletely known, for evaluating anisotropy and smoothness. Complex Cepstral Decomposition 
was tested to compute the response Quefrency attributes of the data. This is in view of the unusually long window of its 
application in this study but applying it in a similar way to the Discrete Fourier transform (DFT) in spectral 
decomposition which considers long time windows with acceptable efficiency. In principle, Cepstral transform is best 
suited to thin bed or window (< 11 ms thin) as it is difficult to analyze using long windows. The methodology involved 
farming mini-volume data over two long enough windows of 300 ms and 400 ms approximating the time-depth of the 
channel from the dense 3D data volume. This was followed by the application of Geostatistical estimators to the 
extracted data and evaluating each for its geologic significance using simple Kriging, Inverse Distance to a Power and 
Minimum Curvature in kingdom Suite Software. Finally, Cepstral transformation of the 300 and 400ms window data 
was done using a developed algorithm program coded in Matlab Software. The results indicate enhanced validation and 
delimitation of the Channel feature in varying degrees for the Geostatistical estimators (Section view) and remarkable 
response attributes for the Cepstral decomposition (volume attributes maps) over the thick channel window. This 
technique is valuable in mapping subtle geology in complex geologic environments. 

Keywords: Complex Cepstral Transform, semblance, geostatistical, Kriging, Inverse distance to a Power or 
Weight and Minimum Curvature    

1. INTRODUCTION  
 
Validating and Delimiting Blurred Stratigraphic Channel Feature Embedded in 3D Seismic Amplitude Data Using 

Geostatistics and Cepstral Decomposition in Niger Delta is an approach to ascertaining the mappability of such an event 

using unconventional technique of data conditioning using geostatistical estimators and cepstral filtering. Starting with 

enhancement of data conditioning by data farming which is concerned with methods and processes used to define the 

most appropriate features for data collection, data transformation, data quality assessment, and data analysis. Data 

farming mitigates this "loss" of information by enhancing the data on hand and determining the most relevant data that 

need to be collected. In some cases, the set of considered features might be wide data and sufficient for extraction of 

knowledge. In other cases the data set might be narrow and insufficient for extraction of meaningful knowledge, or the 

data may not even exist. This is a scientific weight usually missing in attribute studies. Features are selected based on 
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between-class reparability criteria, e.g., covariance defined for different classes [Duda and Hart, 1973 in Kusiak A. 

(2006)] and [Fukunaga, 1990 in Kusiak A. (2006)]. Features are selected based on the performance criteria, e.g., 

classification accuracy. Examples of methods for feature selection include the principal component analysis [Duda and 

Hart, 1973] and a branch-and-bound algorithm [Fukunaga, 1990 in Kusiak A. (2006)].  

Geologic Channel is a linear, commonly concave-based depression through which water and sediment flow and into 

which sediment can be deposited in distinctive, often elongated bodies. Channels can occur in a variety of 

morphologies, e.g., straight, meandering or braided. In some areas, 69Tcoarse 69T sediments can fill channels of streams or 

rivers that cut through finer grained sediments or rocks. The close proximity of coarse-grained and 69Tfine 69T-grained 

sediments can ultimately lead to the 69Tformation69T of stratigraphic 69Thydrocarbon69T traps (Schlumberger Glossary, 2020). 

Channel patterns do not fall easily into well-defined categories since there is a gradual merging of one pattern into 

another. Channel cross section and pattern are ultimately controlled by the discharge and load provided by the drainage 

basin. It is important, therefore, to develop a picture of how the several variables involved in channel shape interact to 

result in observed channel characteristics patterns (Bergere and Wolman, 1963). 

Seismic edge detection technologies such as Coherence (Bahorich and Farmer (1995); Semblance (Ofuyah et al., 2014; 

Spectral Decomposition (Partyka and Lopez, 1999). etc. developed for interpreting stratigraphic settings like Channel 

sands and structural settings involving Complex fault systems in 3D seismic data have efficiency that is dependent on 

the precession and domain of the processing scheme adopted, hence the need for improved technology. 

 In this paper, the results of the application of Geostatistical estimators and Cepstral decomposition in validating and 

delineating a blurred channel feature in the interpretation of 3D seismic data from Tomboy field, Niger Delta are 

presented. The study was motivated by the fact that Channel features are typical geologic environments where huge 

prospective hydrocarbon zones are largely trapped. While the Geostatitical estimators of Kriging, Inverse Distance to a 

Power or Weight and Minimum Curvature characterize spatial or temporal variations that are incompletely known, for 

evaluating anisotropy and smoothness, Complex Cepstral Decomposition was tested to compute the response 

quefrency(similar to frequency) attributes of the data. This is in view of the unusually long window of its application in 

this study applied in a similar way to the Discrete Fourier transform (DFT) in spectral decomposition which considers 

long time windows and has acceptable efficiency. In principle, cepstral transform is best suited to thin bed or window (< 

11 ms thin) as it is difficult to analyze using long windows (Hall, 2005). 

The methodology involved farming mini-volume data over two long enough windows of 300ms and 400 ms 

approximating the time-depth of the channel from the dense 3D data volume. This was followed by the application of 

geostatistical estimators to the extracted data sets and evaluating each sub volume for its geologic significance using 

simple kriging, inverse distance to a power and minimum curvature in Kingdom suite software. Finally, Cepstral 

transformation of the 300 and 400ms window data was done using a developed algorithm and Computer program coded 

within Matlab Software. 

The results indicate enhanced validation and delimitation of the Channel feature in varying degrees for the Geostatistical 

estimators (Section view) and remarkable response attributes by the Cepstral transform (volume attributes maps) over 

the thick channel window. The key inputs are the concepts and practices of data farming, geostatistics, signal analysis 

and seismic stratigraphy (accurate geologic interpretation of seismic data). This technique is valuable in mapping subtle 

geology in complex geologic environments. 
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 (a) Tomboy Field, Niger Delta (Smith and Sandwell, 1997, as cited in Corredor et al,, 2005). 

 
 (b) Tomboy Field, Niger Delta: Base map of survey area showing the arbitrary line (in Red) in the field.  

Figure 1: Tomboy Field, Niger Delta: (a) Bathymetric Sea ‐floor image          

of two-dimensional seismic reflection profiles and the global bathymetric database showing the location of the Study 

Area (b) Base map of survey area showing the Arbitrary line(in Red). The Arbitrary line connects the entire six wells 

(black dots). The well under consideration is TMB 06 is located at coordinates inline 6009 and crossline 1565, right of 

the vertical line 

Overview of Geology of the Niger Delta 

The Cenozoic Niger Delta basin, a wave dominated arcuate – lobate tropical delta is an extensional rift basin located on 

the passive continental margin of the Gulf of Guinea, near the western coast of Nigeria, equatorial West Africa between 

latitudes 3°N and 6°N and longitudes 5°E and 8°E (Reijers et al., 1997). When viewed from the Gulf of Guinea to the 

Chad basin, the Niger Delta forms a SW – NE trending continuous strip of Mesozoic to Recent deposits resting on the 

Pan Africa mobile belt of West Africa. It is bounded in the North by the Benin flank and the Anambra basin; the Abaliki 
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high to the North-East, the Cameroon Volcanic line to the East, the Dahomey Embayment to the West and the Gulf of 

Guinea to the South and South West by the 4000m bathymetric contour (Odumodu, 2011). 

The Delta is a Siliclastic system with the depositional environments ranging from marine to transitional to continental 

settings (Burke et al, 1971; Doust and Omatsola, 1990; Tuttle et al., 1999; Odumodu, 2011). The Niger Delta has a sub 

aerial extent of about 75,000 km (Reijers, 2011), total approximate area of 300,000kmP

2 
P(Kulke, 1995) a sediment 

volume of 500,000 kmP

3
P(Hospers, 1965) sediment thickness of about 10 to over 12km, at the basin depocentre(Reijers, 

2011; Aizebeokhai and Olayinka, 2011).The Niger Delta has one identified petroleum system, the tertiary Niger Delta 

Akata – Agbada petroleum system (Kulke, 1995;Ekweozor and Daukoru 1994 and Tuttle et al, 1999). It accounts for 5% 

of the worlds’ oil and gas reserves (Reijers et al., 1997; Adedapo et al., 2014) with over 34.5 billion barrels reserves to 

93.8 trillion cubic feet of natural gas.  The Niger target reservoirs have expanded to deeper water offshore extending to 

depth of approximate 3000m (Tuttle et al, 1999). Sedimentation is controlled by fluvial processes in the floodplain and 

the delta top environments. 

Stratigraphic traps are of paleo- channel fills, regional sand pinch-outs and truncations, crestal accumulations, canyon 

fill accumulations, incised valleys and low stand fans (Reijers et al., 1999; Aizebeokhae and Olayinka, 2011).Short and 

Stauble (1967) recognized three distinct subsurface stratigraphic units in the Niger delta and these are represented by the 

Akata(Pro-Delta Facies). It is a 7000m thick unit composed of thick sequences of over- pressured marine shales, sand, 

turbidities and channel fills (Odomodu, 2011) and the unit is Paleocene in age, Agbada (Delta Front Facies), is Eocene 

in age and overlies the Akata Formation. It is a marine facies defined by both fresh water and deep sea characteristics.  

The Agbada Formation is subdivided into three sub- units; the upper unit composed mainly of sand; the middle unit 

composed of alternate sand/shale and the lower unit mainly composed of shale. The reservoirs fall within the sandstone 

and unconsolidated sand facies. Major hydrocarbon accumulations are found in the formation. It is over 10000feet thick. 

The Benin Formation (Delta Top Facies) is the youngest unit and overlies the Agbada Formation. It is over 90% 

sandstone with shale intercalations, consisting of continental flood plain sands and alluvial deposits. It is a continental 

deposit of probable upper deltaic depositional environment. Very little hydrocarbon accumulations are associated with 

the Formation. The depth range for the Benin formation is from 0-6000ft. It is Oligocene in age.  Shelley (1998) 

identified two genetic classifications of traps as structural (folds (anticlinal traps), faults, roll-over anticlines, Diapiric 

traps (salt domes, anticlinal domes (from mud diapirism) and stratigraphic traps (depositional (channel sands, reefs, and 

bars) or post–depositional (truncations and diagenetic changes–barrier islands, pinch-outs and unconformities.) (Shelley, 

1998 & Bjorljkke, 2010). Some examples are fluvial channels, Submarine channels, Sandstone turbidites, pinch-outs, 

Carbonate reefs), with a third classification identified as combination trap (where two or more trapping mechanisms are 

involved in the creation of the trap. Some examples include growth faults and salt dome). 

Geologic Channel and Patterns 

In geologic terms, channel is a linear, commonly concave-based depression through which water and sediment flow and 

into which sediment can be deposited in distinctive, often elongated bodies. Channels can occur in a variety of 

morphologies, e.g., straight, meandering or braided. In some areas, 69Tcoarse 69T sediments can fill channels of streams or 

rivers that cut through finer grained sediments or rocks. The close proximity of coarse-grained and 69Tfine 69T-grained 

sediments can ultimately lead to the 69Tformation69T of stratigraphic 69Thydrocarbon69T traps (Schlumberger Glossary, 2020). 

Channel patterns do not fall easily into well-defined categories since there is a gradual merging of one pattern into 

another Channel cross section and pattern are ultimately controlled by the discharge and load provided by the drainage 

basin. It is important, therefore, to develop a picture of how the several variables involved in channel shape interact to 

result in observed channel characteristics patterns (Bergere and Wolman, 1963).  Alluvial deposits consist of sediment 
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that is deposited by rivers when the river water goes beyond its normal boundaries, or banks, such as floodplains or 

deltas, whereas Fluvial usually refers to processes that occur within the normal course of the river under a regime of 

continuously flowing water. Fluvial processes are associated with rivers and streams and the deposits and landforms 

created by them. When the stream or rivers are associated with glaciers, ice sheets, or ice caps, the term Glaciofluvial or 

Fluvio-glacial is used. 

69TFluvial69T processes form several channel patterns, including: 

(a) Straight, which are found in the most tectonically incised/active areas. This is more of a hypothetical end-member, 

and is not often found in nature. Straight-type channels can be found at 69Talluvial fans69T. 

(b)69TBraided rivers69T, which form in (tectonically active) areas that have a larger sedimentary load than the discharge of the 

river and a high gradient. 

(c)69TMeandering rivers69T, which form a 69Tsinuous69T path in a usually low-gradient plain toward the end of a fluvial system. 

(Wikipedia, the free encyclopedia, 69Thttps://en.wikipedia-on-ipfs.org/wiki/Channel_pattern.html69T ,2016) 

Figure 2 shows typical River Channel patterns (Bergere and Wolman, 1963), while Figure 3 shows V-shaped and U-

shaped valleys present in the hilly areas. (After Ali, U. et al., 2018). 

 

 
Figure 2: River Channel patterns (Bergere and Wolman, 1963, 69Thttps://doi.org/10.3133/pp282B69T) 
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Figure 3: Shows V-shaped and U-shaped valleys present in the hilly areas. (After Ali,U. et al., 2018)  

 
2. Theory 

2.1 Fourier Transform   

Fourier analysis decomposes a signal into its sinusoidal components based on the assumption that the frequency is not 

changing with time (stationary). Fourier transform allows insights of average properties of a reasonably large portion of 

trace but it does not ordinarily permit examination of local variations) Taner et al., 1979).This is because the 

convolution of a source wavelet with a random geologic series of wide window produces an amplitude spectrum that 

resembles the wavelet. To obtain a wavelet overprint which reflects the local acoustic properties and thickness of the 

subsurface layers, a narrow window as in STFT can be adopted. In practice, the standard algorithm used in digital 

computers for the computation of Fourier transform is the Fast Fourier Transform (FFT/DFT).   

2.2. Geostatistics  

 

Geostatistics is the characterization of spatial or temporal systems that are incompletely known and it is an extension of 

bivariate statistics that uses the sampling location (in space or time) of every measurement. Its analysis is only 

meaningful if the measurements show some spatial (or temporal) correlation. Classical univariate statistics considers 

only the population of values for a particular variable. 

 

2.2.1. Geostatistical Estimator  

The Geostatistical estimators adopted in this study are Simple Kriging, Inverse Distance to a Power/Weight 

(IDP/IDW) and Minimum Curvature. 
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(a) Kriging estimator 

Kriging is a geostatistical estimation procedure that uses the information in the variogram to determine the weights used 

in estimating un-sampled locations.  Estimation procedures determine the “best-guess value” at any location. Kriging’s 

practical strength as an interpolation method lies in its ability to capture anisotropy of the underlying geologic variables 

through the spatial covariance model, yielding maps that look more geologically plausible. From a statistical 

perspective, there is an additional strength when used under conditions of multivariate normality. Kriging uses nearby 

points weighted by distance from the interpolate location and the degree of autocorrelation or spatial structure for those 

distances, and calculates optimum weights at each sampling distance” (Isaaks and Srivastava, 1990). Kriging is similar 

to IDW in that it weights the surrounding measured values to derive a prediction for an unmeasured location.  

The general formula for both interpolators is formed as a weighted sum of the data: 

                                                                                                        (1) 

• where: 

Z(sRiR) = the measured value at the ith location 

λRiR = an unknown weight for the measured value at the ith location 

sR0R = the prediction location 

N = the number of measured values 

 

In IDW, the weight, λRiR, depends solely on the distance to the prediction location. However, with the kriging method, the 

weights are based not only on the distance between the measured points and the prediction location but also on the 

overall spatial arrangement of the measured points. To use the spatial arrangement in the weights, the spatial 

autocorrelation must be quantified. Thus, in ordinary kriging, the weight, λRiR, depends on a fitted model to the measured 

points, the distance to the prediction location, and the spatial relationships among the measured values around the 

prediction location. The following sections discuss how the general kriging formula is used to create a map of the 

prediction surface and a map of the accuracy of the predictions. (Burrough, (1986), Heine(1986), McBratney and 

Webster(1986), Oliver(1990), Press,et al., (1988), Royle et al., (1981). 

Several types of kriging methods are available, and they are distinguishable by how the mean value is determined and 

used during the interpolation process. The four most commonly used variations are: 

(i) Simple kriging — the global mean is known (or can be supplied by the user) and is held constant over the 

entire 

(ii) Ordinary kriging — the local mean varies and is re-estimated on the basis of nearby (or local) data values. 

(iii) Kriging with an external drift — the shape of the map is described by a secondary variable called the drift 

term (e.g., seismic data, gravity data, magnetic data, and Landsat data). Although this method uses two 

variables, only one covariance model is required and the shape comes from a related 2D or 3D attribute 

that guides the interpolation of the primary attribute known only at discrete locations.  

(iv) Indicator kriging — estimates the probability of a discrete attribute at each grid node (e.g., lithology, 

productivity) and requires a binary coding of the attribute. 110T Deutsch and Journel(1998), Henley(1981), 

Hohn (1999) , Wackernagel (1995), Journel(1989). 
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(b) 64TInverse Distance Weighted (IDW).  

64TInverse Distance Weighted interpolation determines cell values using a linearly weighted combination of a set of sample 

points. The weight is a function of inverse distance. The surface being interpolated should be that of a locationally 

dependent variable. 64TIDW is one of the deterministic methods, while Kriging is a geostatistics method.  

Both methods rely on the similarity of nearby sample points to create the surface. Deterministic techniques use 

mathematical functions for interpolation. Geostatistics rely on both statistical and mathematical methods, which can be 

used to create surfaces and assess the uncertainty of the predictions (Geology, 69TUniversity of 

Montana.http://hs.umt.edu) › Sheriff). 

 

34T(c) Minimum Curvature 3T34T.  

3TThe 3T34TMinimum Curvature 3T34T method is a fast, versatile interpolation method that produces an optimally smooth surface that 

is visually appealing. 3T Minimum Curvature generates smooth surfaces and is fast for most data sets and used in the earth 

sciences. Minimum Curvature generates the smoothest possible surface while attempting to honor your data as closely 

as possible, although not an exact interpolator. This means that your data are not always honored exactly. 

 

2.3 Cepstral Transform (CT) 

 

Cepstral decomposition is a new approach that extends the widely used process of spectral decomposition. This 

measures bed thickness even when the bed itself cannot be interpreted (Hall, 2006). While spectral decomposition maps 

are typically interpreted qualitatively using geomorphologic pattern recognition or semi quantitatively, to infer relative 

thickness variability Spectral decomposition is rigorous when analyzing subtle stratigraphic plays and fractured 

reservoirs. The Cepstrum processing technique gives a solution of other signals which have been convolved or 

multiplied in time domain because the operation of the nonlinear mapping can be processed by the generalized linear 

system (Homomorphic system). (Jeong.2009). Cepstral analysis is a special case of Homomorphic filtering. 

Homomorphic filtering is a generalized technique involving (a) a nonlinear mapping to a different domain where (b) 

linear filters are applied, followed by (c) mapping back to the original domain. 

The independent variable of the Cepstrum is nominally time though not in the sense of a signal in the time domain , and 

of a Cepstral graph is called the Quefrency but it is interpreted as a frequency since we are treating the log spectrum as a 

waveform.. The Cepstrum is useful because it separates source and filter and can be applied to detect local periodicity.  

There is a complex cepstrum (Oppenheim, 1965) and a real Cepstrum. In the “real Cepstrum”, as opposed to the 

complex Cepstrum used here, only the log amplitude of a spectrum is used (Hall, 2006). Complex Cepstrum uses the 

information of both the magnitude and phase spectra from the observed signal.  The complex Cepstrum method is used 

to recover signals generated by a convolution process and has been called Homomorphic deconvolution (Oppenheim 

and Schaffer, 1968).  

The Cepstrum can be defined as the Fourier transform of the log of the spectrum. Given a noise free trace in time (t) 

domain as x (t) obtained by convolution of a wavelet w(t) and reflectivity series r(t) and assuming X (f), W (f) and R (f) 

are their frequency domain equivalents, then ,Since the Fourier transform is a linear operation, the Cepstrum  is  

F [ln (mod X)] = F [ln(mod W) + F[ln (mod R)]                                                                       (2)   

To distinguish this new domain from time, to which it is dimensionally equivalent, several new terms were coined. For 

instance, frequency is transformed to Quefrency, Magnitude to Gamnitude, Phase to Saphe, Filtering to Liftering, even 

Analysis to Alanysis. Only Cepstrum and Quefrency are in widespread today, though liftering is popular in some fields 
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(Hall, 2006). Seismic resolution is mainly affected by the seismic wavelet. The wavelet bandwidth severely limits the 

accuracy of seismic interpretation. The Cepstrum has the advantage of being able to overcome this defect and access 

those very low amplitudes and high frequency components that are masked during conventional interpretation. 

However, care must be taken in the choice of window lengths (Hall, 2005) as the Cepstrum is difficult to analyze using 

long windows.  Spectral decomposition becomes rigorous when analyzing for subtle stratigraphic plays and fractured 

reservoirs. 

 

      3. Methodology 

 3.1 Field Data Analysis 

The 3D seismic and well data used in this study were obtained over ‘Tomboy’ field by Chevron Corporation, Nigeria. The 

field data comprises a base map, a suite of logs from six (6) wells, and Four hundred (400) seismic Inlines and 220 

Crosslines. Some of the log types provided are Gamma-Ray (GR), Self-Potential (SP), Resistivity, Density, Sonic, etc. 

The methodology involved farming mini-volume data over two long enough windows of 300ms and 400 ms approximating 

effective the time-depth of the channel (2000-4500ms) from the dense 3D data volume. This was followed by the application 

of Geostatistical estimators to the extracted data and evaluating each sub volume for its geologic significance using Simple 

Kriging, Inverse Distance to a Power and Minimum Curvature in kingdom Suite Software. Finally, Cepstral decomposition 

of the 300 and 400ms window data was done using a developed algorithm and Computer program coded within Matlab 

Software. 

 

3.2 Validation and Delimitation of Blurred Stratigraphic Channel Feature 

 

During data reconnaissance of the entire 3D data a blurred Channel feature was identified along Seismic Xline 1565. 

Further examination of this feature resulted in its validation and delimitation as part of the interpretation process. The 

Channel represents spatial variation of the distribution of sediments and rocks in the subsurface and can exist anywhere 

from river basins to deep-sea environments. Several of the world’s oil and gas fields are 

developed from channel environments. It was examined with geostatistics, and then spectrally (DFT) and cepstrally (CCT) 

decomposed. Farmed mini-volume slice over the entire time gate (2000-4500ms) was initially plotted to ascertain the 

presence of the channel feature but no discernible event was found. But when thin volume slices where selected at different 

time intervals and analyzed to examine the presence of the channel, hitherto hidden features became clearer.   Figure 8 

shows a comparative analysis of the resolution capabilities of DFT and CCT by cross plots with respect to unmasking low 

amplitude stratigraphic features as seen on the vertical scales in both domains. Figure 9 shows selected   amplitude data 

between 2700-3000ms, and between 2600-3200ms in order to detect changes in the Channel feature (Surfer Software 

Display). Similar Figures were displayed in Figure 10 with Kingdom Suite, with similar results obtained. However DFT 

and CCT Attributes of volume slice between 2700-3000ms only were computed as shown in Figure 11 and   Figure 12 

respectively (Kingdom Suite Display).The coordinates of the channel location are shown in Table 1. 

Table 1: Coordinates of Channel Location 

 
Reference Well 
W06 

LINE NO XLINE NO X-COORDINATE Y-COORDINATE 

5880 1565    479515.620 66320.069650 

6009 1565    482740.620 66320.069791 

6119 1565    485490.620 66320.069700 
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  4. Results and Analysis 

The results of the study are presented as Figures 4-12. In Figures 4c, the variation of extracted Seismic amplitude data was 

examined across Channel feature in the interval 2.00-4.50 seconds in 3D. The Channel location spans the interval AB, i.e. 

Line No: 5880-6119 approx. The X-axis is Line No: 1565, Y-axis is TWT, while Z-axis is measured seismic Amplitude. The 

result of application of geostatistical estimators is presented as Figure 7(Cross Section), while those of spectral 

decomposition (DFT) and complex cepstral decomposition (CCT) are presented as Figure 11 and Figure 12 respectively 

(Volume Attribute maps). In Figure 7, the three geostatistical estimators validated and delineated the blurred channel. 

However, the best delimitation appears to be given by IDW. 

In seismic attribute analysis, Amplitude or Magnitude, or Envelope indicates local concentration of energy, bright spots, gas 

accumulation, sequence boundaries, unconformities, major changes in lithology, thin bed tuning effects, etc; phase measures 

lateral continuity/discontinuity/edge) or faulting, shows  detailed  visualization of bedding configuration and has no 

amplitude information. In the case of the Phase attribute, there is a flip owing to sign reversal (Jenkins and Watts (1968). 

The Frequency attribute reflects attenuation spots, indicates hydrocarbon presence by its low frequency anomaly, shows 

edges of low impedance thin beds, fracture zone indication-appears as low frequency zones, and also indicates bed thickness. 

Higher frequencies indicate sharp interfaces or thin shale bedding, lower frequencies indicate sand rich bedding, sand/shale 

ratio indicator (Subrahmanyam and Rao, 2008). In Cepstral domain, the Gamnitude, Saphe and Quefrency are interpreted in 

a similar manner to Magnitude, Phase and Frequency in the Spectral domain. Saphe highlights discontinuity/edge and   

lithologic changes, while Quefrency indicates fracture zone, hydrocarbon presence by its low values, Figure 11. 

 

 
(a) Base map of survey area 
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(b) Seismic Section, (Crossline 1565) 

                            
(c) Seismic amplitude variation along the Seismic Xline 1565    

Figure 4: Tomboy Field, Niger Delta. (a) Base map of survey area (b) Seismic Section,(Crossline 1565).(c)  Seismic 

Amplitude variation across Channel feature in the interval 2.00-4.50 seconds in 3D. The Channel location spans the 

interval AB, i.e. Line No: 5880-6119 approx...The X-axis is Line No: 1565, Y-axis is TWT, while Z-axis is measured 

seismic Amplitude. 

 

 
 

 
 
Figure 3: Tomboy Field, Niger Delta:  Seismic Section showing Channel feature. (Petrel 
Platform).  
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Figure 5a: River Channel patterns (Bergere and Wolman, 1963, 69TUhttps://doi.org/10.3133/pp282BU69T) 

 
Figure 5b: Shows V-shaped and U-shaped valleys present in the hilly areas. (After Ali, U. et al., 2018) 
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Figure 6: Tomboy Field, 
Niger Delta:  Seismic 
Amplitude variation across 
Channel feature in the interval 
2.00-4.50 seconds (2D display 
of 3D variation). The Channel 
location spans Line No: 5880-
6119 approx. The X-axis is 
Line No, Y-axis is TWT, 
while Z-axis is measured 
seismic Amplitude (Insets are 
the amplitude values as 
functions of colours)AB 
represents Channel region. 
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(a) Seismic Section, (Crossline 1565) 

 
(b)Channel window amplitude display using Simple Kriging Geostatistical Algorithm 

 
(c)Channel window amplitude display using Inverse Distance to a Power Geostatistical Algorithm 

 
(d)Channel window amplitude display using Minimum Curvature Geostatistical Algorithm 

 Figure 7: Tomboy Field, Niger Delta: Channel window mini volume maps (thick interval, 2.0-4.5 seconds) using 

different gridding algorithms namely, Simple Kriging, Inverse Distance to a Power, and Minimum Cuvature 
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Geostatistical Algorithm in Kingdom Suite Software. The IDP appears to give the best delimitation, although all 

validated and delineated the Channel. 

.

 
(a) Gamnitude and Saphe Cepstra by CCT. Note the range of gamnitude values 

 
(b). Magnitude and Phase Spectra by DFT. Note the range of magnitude values 
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(c) Magnitude and Amplitude Spectra by DFT. Note the range of magnitude values. Scale extended here for  

visibility as mixed stratigraphic and structural events are visible unlike in (b) with zero visibility of subtle. 

features 

Figure 8: Tomboy Field, Niger Delta: Comparative analysis of the resolution capabilities of DFT 

and CCT with respect to unmasking low amplitude stratigraphic features as seen on the vertical scales. 

 
(a)Selected amp between 2700-3000ms. 
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(b)Selected amplitude between 2600-3200ms 

Figure 9: Tomboy Field, Niger Delta: (a) Selected amplitude between 2700-3000ms (b) Selected amplitude  

between 2600-3200ms Note the image enhancement at thinnest interval (b). (Surfer Software Display): 
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(a)Selected amp between 2700-3000ms 
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(b)Selected amplitude between 2600-3200ms 

Figure 10: Tomboy Field, Niger Delta. Seismic amplitude of thin volumes at selected time intervals within the 

Channel window to enhance the visibility of the feature. Note the image enhancement at thinner interval (b). (Kingdom 

Suite Display). 

 

 

 
(a)Selceted amplitude between 2700-3000ms. 

   
(b)DFT Magnitude of (a) between 2700-3000ms 

 
 
                               
 

  
(a)Selected amp between 2700-3000ms 
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(c) Log_Mag of (a) between 2700-3000ms 

  
(d) DFT Phase of (a) between 2700-3000ms _2730 

   
(e) DFT Quefrency of (a).between 2700 -3000ms 

Figure 11: Tomboy Field, Niger Delta: Discrete Fourier transform (DFT) Attributes of volume slice between 2700-

3000ms (Kingdom Suite Display) 

  
(a)Selceted amplitude between 2700-3000ms. 

 
 
                               
 

  
(a)Selected amp between 2700-3000ms 
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(b) Log_Mag of (a) between 2700-3000ms  

  
(c) CCT Gamnitude of (a) between 2700-3000ms 

   
(d) CCT Saphe of (a) between 2700-3000ms 

  
(e) CCT Quefrency of (a).between 2700 -3000ms 

Figure 12: Tomboy Field, Niger Delta: Complex Cepstral Transform (CCT) attributes of volume slice between 2700-

3000ms, (Kingdom Suite Display) 

 

Conclusions 

A technique for validating and delimiting stratigraphic Channel feature embedded in dense 3D seismic data using 

Geostatistics and Complex Cepstral transform has been presented. The study was motivated by the fact that Channel 

features are typical Geologic environments where huge prospective hydrocarbon zones are largely trapped. The practical 

relevance of this study is the need to test the mappability of an event of economic value before detailed interpretation is 

carried out. This is a scientific weight usually missing in attribute studies. 
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