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Abstract
Enhancing geological interpretation with seismic attributes in Fuba Field, Onshore Niger Delta, Nigeria using Well-log and 3D 
Seismic data are here presented. Seismic interpretation was carried out using Petrel software. The structural interpretation of 
seismic data reveal highly synthetic and antithetic faults which are in line with faults trends identified in the Niger Delta. Of the 
36 interpreted faults, only synthetic and antithetic faults are regional, running from the top to bottom across the field. These faults 
play significant roles in trap formation at the upper, middle and lower sections of the field. Three distinct horizons were mapped. 
Fault and horizon interpretation reveal closures which are collapsed crestal structures bounded by these two major faults. The 
depth structure maps reveal anticlinal faults. For a comprehensive analysis of the structural and stratigraphic understanding of the 
reservoirs, six seismic attributes variance edge, chaos, dip magnitude, sweetness, root mean square and spectral decomposition 
were applied to the seismic data. The variance and chaos values range from 0.0 to 1.0. The dip magnitude values range from 0 
to 90 degrees. The Variance edge, chaos and dip magnitude analysis were used to delineate the prominent and subtle faults in 
the area. The sweetness value ranges from 0 to 22,500. The RMS amplitude values range from 0 to 13,000 in the reservoirs The 
RMS amplitude and sweetness results highlighted the hydrocarbon zones. The results of spectral decomposition indicate areas of 
low frequency and high amplitude associated with known hydrocarbon zones and the presence of small-scale faults, channels and 
lobes in the field. The result of the seismic attribute analysis has shown that Fuba field has good hydrocarbon prospects. 
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Introduction
Seismic attributes are quantities of geometric, kinematic, dy-
namic, or statistical features obtained from seismic data [1-3]. 
Subsurface quantitative interpretations require seismic attributes 
to supplement conventional seismic reflection amplitudes [4]. 
Structural and stratigraphic traps could be very subtle and are 
therefore difficult to map accurately[ 5]. The geometrical attri-
butes are used for structural and stratigraphic interpretations of 
seismic data [6].  It is therefore possible to use seismic attribute 
to map geological features such as faults [7]. Seismic attributes 
describe reservoir properties by giving derivatives of quantities 
extracted from the seismic data  to relate the seismic wave’s 
event directly or indirectly to geology [8]. Seismic attributes are 
used in most seismic exploration and reservoir study to correctly 
image the subsurface geological structures, correctly character-
ize the amplitudes of the seismic data and to obtain informa-
tion on reservoir properties [9-11]. Improved methodologies 
are needed to discriminate between true hydrocarbon indicators 
and non-indicators by imaging the detailed subsurface structure 
with a view to delineate new hydrocarbon zones that might be 
hidden in structural traps for the development programmes of 
the field. Seismic attributes analysis being an integral part of 
3D seismic interpretation is one of these advancements [12]
Several researchers have made enormous contributions based 

on seismic attributes for enhanced structural and stratigraphic 
interpretations within the Niger Delta basin to investigate the 
potentiality of hydrocarbon deposits [13-14]. Ochoma, 2023 
analyzed the relevant seismic attributes such as variance edge, 
root mean square, maximum amplitude, average magnitude and 
maximum magnitude applied to the seismic data. The variance 
values ranges from 0.0 to 1.0. The Variance edge analysis was 
used to delineate the prominent and subtle faults in the area. The 
RMS amplitude values ranges from 9,000 to 13,000 in the res-
ervoirs. The root mean square amplitude, maximum amplitude, 
average magnitude and maximum magnitude analysis reveal 
bright spot anomaly. These amplitude anomalies served as direct 
hydrocarbon indicators (DHIs), unravelling the presence and 
possible hydrocarbon prospective zones. Results from this study 
showed that away from the currently producing zone of the field, 
additional leads and prospects exist, which could be further eval-
uated for hydrocarbon production. Ayolabi and Adigun, (2013)  
delineated six hydrocarbon bearing zones from well logs and es-
timated their petrophysical parameters[14]. The trapping mech-
anism identified from their interpretation indicates that the field 
is characterized mostly by fault assisted closures and a few four 
way closures. Thus, where conventional seismic interpretation 
has failed, seismic attributes analysis complement.
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This study is taken from Fuba Field, Onshore, Niger Delta, Ni-
geria. The ultimate deliverable of this study was enhancing geo-
logical interpretation using 3-D seismic attributes analysis in 
the area. The major components of our study are: (a) Well Cor-
relation performed in order to determine the continuity of the 
reservoir sand across the field. (b) Seismic Interpretation which 
involves well-to-seismic tie, fault mapping, horizon mapping, 
time surface generation and generation of seismic attributes. 
This aids in giving more insight into enhancing geological inter-
pretation using 3-D seismic attributes analysis. 

Location and Geology of the Study Area
The proposed study area Fuba Field is located in the onshore 
Niger Delta region. Figure 1 shows the map of the Niger Delta 
region showing the study area while Figure 2 shows the base 
map showing well locations in the study area. The Niger Delta 
lies between latitudes 4° N and 6° N and longitudes 3° E and 9° 
E [15]. The Delta ranks as one of the major oils and gas prov-
inces globally, with an estimated ultimate recovery of 40 billion 
barrels of oil and 40 trillion cubic feet of gas[ 16]. The coastal 
sedimentary basin of Nigeria has been the scene of three dep-
ositional cycles [17].  The first began with a marine incursion 
in the middle Cretaceous and was terminated by a mild fold-

ing phase in Santonian time. The second included the growth 
of a proto-Niger delta during the Late Cretaceous and ended in 
a major Paleocene marine transgression. The third cycle, from 
Eocene to Recent, marked the continuous growth of the main 
Niger delta. A new threefold lithostratigraphic subdivision is 
introduced for the Niger delta subsurface, comprising an upper 
sandy Benin Formation, an intervening unit of alternating sand-
stone and shale named the Agbada Formation, and a lower shaly 
Akata Formation. These three units extend across the whole del-
ta and each range in age from early Tertiary to Recent. They are 
related to the present outcrops and environments of deposition. 
A separate member of the Benin Formation is recognized in the 
Port Harcourt area. It is Miocene-Recent in age with a minimum 
thickness of more than 6,000ft (1829m) and made up of conti-
nental sands and sandstones (>90%) with few shale intercala-
tions [18]. Subsurface structures are described as resulting from 
movement under the influence of gravity and their distribution 
is related to growth stages of the delta [19]. Rollover anticlines 
in front of growth faults form the main objectives of oil explo-
ration, the hydrocarbons being found in sandstone reservoirs of 
the Agbada Formation. The oil in geological structures in the 
basin may be trapped in dip closures or against a synthetic or 
antithetic fault.

Figure 1: Map of Niger Delta Showing the study Area Figure 2: Base Map of Showing Well Locations in the Study 
Area

3.0 Materials and Methods
3.1 Well-to-Seismic Ties 
Well correlation is the first stage of the pre-interpretation pro-
cess. The process of well correlation involves lithologic descrip-
tion, picking top and base of sand-bodies, fluid discrimination 
and then linking these properties from one well to another based 
on similarity in trends. In between these two lithologies in the 
subsurface, the gamma ray log is often used. Correlation of res-
ervoir sands was achieved using the top and base of reservoir 
sands picked. The correlation process was possible based on 
similarity in the behaviour of the gamma ray log the Niger Del-
ta; the predominant lithologies are sands and shales. In order 
to discriminate shapes. Also, the thickness of the shale bodies 
overlying and underlying the sand body is considered during 
Correlation. After defining the lithologies, the resistivity log was 
used for discriminating the type of fluid occurring within the 
pores in the rocks. 

There are five basic steps involved in seismic interpretation rel-
evant to this study and they include; Well-to-seismic ties, Fault 
Mapping, Horizon mapping, Time surface generation and Attri-
butes generation. Well-to-seismic tie is a process that enables 
the visualization of well information on seismic data. For this 
process to be achieved, the following are basic requirements; 
checkshot, sonic log, density log and a wavelet. The sonic log, 
which is the reciprocal of velocity, was calibrated using the 
checkshot data. The calibration process is necessary in order to 
improve the quality of the sonic log because the sonic log is 
prone to washouts and other wellbore related issues. The results 
of calibrating the sonic log with the checkshot gives a new log 
called the calibrated sonic log.

The calibrated sonic log is used along with the density log to 
generate an acoustic impedance (AI) log. The acoustic imped-
ance log is calculated for each layer of rock. The next step in-
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volves generating the reflectivity coefficient (RC) log. The RC is 
calculated and generated using the AI log. The RC log generated 
is then convolved with a wavelet to generate a synthetic seismo-
gram which is comparable with the seismic data. The extend-
ed white 2 wavelet utilized for convolution is extracted from 
the seismic data. The synthetic seismogram was generated. The 
mathematical expressions that govern the entire well-to-seismic 
tie workflow are presented below:

where AI = acoustic impedance, RC = reflection coefficient,  = 
density; v = velocity. 
Faults were identified as discontinuities or breaks in the seismic 
reflections. Faults were mapped on both inline and cross-line di-
rections. Horizons are continuous lateral reflection events that 
are truncated by fault lines. The horizon interpretation process 
was conducted along both inline and crossline direction. At 
the end of the horizon mapping, a seed grid is generated which 
serves as an input for time surface generation. Time surfaces 
were generated using the seed grids gotten from the horizon 
mapping process.

Among the seismic attributes that have been used in the visual-
ization of the geology of the subsurface are variance, chaos, dip 
magnitude, sweetness, root mean square amplitude and spectral 
decomposition. The seismic volume attributes analysis was ap-
plied to the seismic inline 8515 while the root mean square am-
plitude was generated as surface attribute. 

3.2: Variance (Edge Detection) Method
In the Petrel software, the variance attribute uses an algorithm 
that computes the local variance of the seismic data through a 
multi-trace window with user-defined size. The local variance is 
computed from horizontal sub-slices for each voxel. A vertical 
window was used for smoothing the computed variance and the 
observed amplitude normalized. The variance attribute measures 
the horizontal continuity of the amplitude that is the amplitude 
difference of the individual traces from their mean value within 
a gliding CMP window.

Where         standard deviation,         variance, n = the number 
of observations, fi frequency  xi = the variable, xm = mean of xi.

3.3: Chaos
Chaos attribute is defined as a measure of the “lack of organiza-
tion” in the dip and azimuth estimation method. It can be used to 
distinguish different sediment facies in lithology variation envi-
ronments (for example, sand and shale).

3.4: Dip Magnitude 
Dip magnitude is analogous to strike and dip of sedimentary 
layers. The dip magnitude is defined as the angle between the 
steepest direction of a plane and a horizontal plane, where values 
range from 0 to 90. The dip magnitude attribute computation in 
Petrel software makes use of the inbuilt formula:

where Ɵy = apparent dip in a direction (y) and ꞵx dip azimuth 
relative to a direction (x).
Dip magnitude is a good attribute, not only for showing overall 
structure folds, but can be used to identify faults with very small 
displacement. 

3.5: Determination of Sweetness
Sweetness involves the implementation of envelopes and in-
stantaneous frequency that are combined. Mathematically, it is 
expressed as

where S(t) = Sweetness, α(t) = Envelope,  fα(t) = instantaneous 
frequency. 
Sweetness is used for the identification of features where the 
total energy signatures change in the seismic data. 

3.6: Determination of Root Mean Square (Rms) Amplitude
The root mean square (RMS) amplitude was extracted from the 
seismic data as a surface attribute. Root mean square (RMS) am-
plitude is used to obtain a scaled estimate of seismic trace enve-
lope. It is obtained in the software by sliding a tapered window 
of N samples as the square root of the sum of all the trace value 
x squared. The RMS attribute computation in Petrel software 
makes use of the inbuilt formula:

where Xrms= root mean square amplitude, Wn = window values,  
N = number of samples in the window, x = trace value.

3.7: Spectral Decomposition 
Spectral decomposition is a frequency attribute. It involves sep-
arating and classifying seismic events within each trace based 
on their frequency content. Each 1D trace was decomposed from 
the time domain into its corresponding 2D representation in the 
time-frequency domain using algorithms. Once each trace was 
transformed into the time-frequency domain, a band-pass filter 
was applied to view the amplitude of seismic data at different 
frequencies. 

The short-time Fourier transform (STFT) spectrogram which is 
the squared modulus of the STFT and the spectral energy density 
is defined as [20].

σ = 2σ =
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Where,                     the window function,                 the signal,             
 

.            
the short-time Fourier transform

j = the imaginary unit,          the time delay.
The relationships between the amplitude spectrum (A(w)) and 
the phase spectrum (γ(w)) of the estimated transformed signals 
are presented in equations 8 and 9

            real part of              , Ai = imaginary part of           , frequency, 
T = transform of the signal and          = amplitude of transformed 
trace at frequency     .

4.0: Results and Discussion 
4.1: Reservoir Identification and Correlation
The results for lithology and reservoir identification are present-
ed in Figure 3. A total of four sand bodies (L, M, N and O) were 
identified and correlated across all seven wells in the field. Three 
reservoir sands were selected for the purpose of this study (M, 
N and O). The resistivity logs which reveals the presence of hy-
drocarbons were used to identify the hydrocarbon bearing sands. 
On Figure 3, the sands are coloured yellow while shales are grey 
in colour.

Figure 3: Well section showing reservoir identified and correlat-
ed across Fuba Field

Figure 4: Checkshot Quality for Well-1

Figure 5: Synthetic seismogram generation and  well-to-siesmic 
tie conducted for Fuba Field using Well-1 Checkshot

Figure 6: Faults and horizons interpreted along seismic inline 
section

Figure 7: Variance Edge inline 8515

Figure 8: Chaos inline 8515
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Figure 9: Dip Magnitude Inline 8515

Figure 10: Sweetness inline 8515

Figure 11: RMS amplitude map for Reservoir M

Figure 12:  RMS amplitude map for Reservoir N

Figure 13:  RMS amplitude map for Reservoir O    

Figure 14: The General Spectral ecomposition   Volume at Fre-
quency of 12Hz to 35Hz 
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Figure 15: Seismic section of the stratigraphic contact showing 
unconformity

Table 1: RMS Amplitude Values for the Reservoir Surfaces
Reservoir Range of RMS Amplitude Values
Reservoir-M 0 – 13,000
Reservoir _N 0 – 12,000
Reservoir _O 0 – 9,000

4.2: Well-to-Seismic Tie
The checkshot quality for Well-1 utilized for well-to-seismic tie 
is shown in Figure 4. The results for well-to-seismic tie conduct-
ed on Fuba field using density log, sonic log and checkshot of 
Well-1 is presented in Figure 5. An extended white 2 wavelet 
was used to give a near perfect match between the seismic and 
synthetic seismogram.

4.3: Fault and Horizon Interpretation
The results for the interpreted faults in Fuba field are presented 
in Figure 6 shows both synthetic and antithetic faults interpreted 
along seismic inlines. Faults are more visible along the inline 
direction because this direction reveals the true dip position of 
geologic structures. The variance time slice was used to validate 
the interpreted faults. All interpreted faults are normal synthetic 
and antithetic faults. A total of thirty-six faults were interpreted 
across the entire seismic data. Of the 36 interpreted faults, only 
F1 (synthetic fault) and F4 (antithetic fault) faults are regional, 
running from the top to bottom across the field. Hence, these 
faults play significant roles in trap formation at the upper, middle 
and lower sections of the field. 

The results for the interpreted seismic horizons (Horizons M, 
N and O) are also presented in Figure 6. On these horizons, the 
fault polygons were generated and eliminated. The horizons 
were used as inputs for the generation of reservoir time surfaces.

4.4: Seismic Attributes
A series of seismic attributes such as variance edge, chaos, dip 
magnitude, sweetness, Root Mean Square (RMS) amplitude and 
spectral decomposition were generated in Petrel software inter-
face to investigate potential structural and stratigraphic controls 
within the study area.

Figure 7 shows the computed variance attributes of the seismic 
section while Figure 8 shows the computed chaos attributes. The 

variance and the chaos values range from 0.0 to 1.0. Values of 
variance equal to 1 represent discontinuities while a continuous 
seismic event is represented by the value of 0. The high values 
are denoted with red to yellow colorations. 

On the variance and the chaos maps, the areas dotted with blue, 
green, orange and pink colored lines signify values that corre-
spond to the location of the discontinuity. The discontinuities 
may be interpreted as faults and boundaries as shown by the 
lines drawn on both attribute maps [21]. Both the variance edge 
and the chaos enhanced the faults or sedimentological bodies 
within the seismic data volume but the chaos enhanced the faults 
more. Furthermore, several bright spots are also delineated (in 
black circles and black ovals) which indicate high reflectivity 
sediments compared to their surroundings. These bright spots 
are an indication that a potential hydrocarbon trap might exist 
in the area. The darkest regions in the seismic section, which 
make vertical strips, may be interpreted as faults or fractures. 
The zones with low variance and chaos values are due to similar 
seismic traces. Areas with red patches represent lineaments/dis-
continuities while grey areas represent the structural framework 
of the field.

The variance attribute is edge imaging and detection techniques. 
It is used for imaging discontinuity related to faulting or stra-
tigraphy in seismic data. Variance attribute is proven to help in 
imaging of channels, fault zones, fractures, unconformities and 
the major sequence boundaries [22].

Figures 9. shows the dip magnitude of the faults. The dip mag-
nitude values range from 0 to 90. On Figure 9, the green colors 
represent areas of greater dip, while the red colors represent ar-
eas of shallower dip.

Figure 10. represents the sweetness values of the seismic data. 
The sweetness value ranges from 0 (blue) to 22,500 (yellow). 
High sweetness values may be attributed to both high ampli-
tude and low frequency while low sweetness value is as a re-
sult of low amplitude and high frequency in the seismic volume. 

The high sweetness regions within the seismic data (circled 
in black) indicate high amplitude. They are interpreted as hy-
drocarbon-bearing sand units. Though the sweetness attribute 
is effective for channel detection and characterization of gas-
charged bearing sand units, it is known to be less effective when 
the acoustic impedance contrast between shale and sand units 
are low and when both lithology units are high. In most cases, 
shale intervals are characterized by low amplitude (low acoustic 
impedance contrasts) and high frequency thereby indicating low 
sweetness. Sand intervals are characterized by high amplitude 
(high acoustic impedance contrast with the shales) and low fre-
quencies, thus indicating high sweetness values. Sweetness is 
used for identifying sweet spots that are hydrocarbon prone. The 
high sweetness values in the seismic section are possible indica-
tions of oil and gas [23-25].

The RMS amplitude was generated for all the studied reservoirs 
(reservoirs M, N and O). The result of the RMS amplitude anal-
ysis is presented in table 1 while Figures 11-13 show the RMS 
amplitude maps. The RMS amplitude values range from 0 (pur-
ple) to 13,000 (red) in reservoir M, from 0 (purple) to 12,000 
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(red) in reservoir N and 0 (purple) to 9,000 (red) in horizon O. 
The red-yellowish color represents hydrocarbon sands. Some of 
these hydrocarbon sands were not detected in the original seis-
mic section. The observed changes may be due to changes in 
lithology or fluid content.

The RMS attribute is related to the variations in acoustic imped-
ance. The higher the acoustic impedance values, the higher the 
RMS amplitude. The high values of RMS amplitudes may also 
be related to high porous sands, which are potential hydrocarbon 
reservoirs. RMS amplitude is similar to reflection strength and 
it is used in seismic exploration for delineating bright spots and 
amplitude anomalies [26-27]. The RMS amplitude is used for 
identifying coarser-grained facies, compaction related effects, 
and unconformities. The high values of RMS amplitudes circled 
(in white circles) in the maps are interpreted as high porosity 
lithologies, such as porous sands. These high RMS amplitude 
segments are potential high-quality hydrocarbon reservoirs. 

The high amplitude (in white circles) in the seismic data con-
forms to the structures and confirm the presence of hydrocarbon 
[28]. The high amplitude ranges from light blue to yellow and 
red coloration. Root mean square amplitude is used as a good 
indicator of the presence of hydrocarbon in seismic data. 

4.5: Spectral Decomposition
The general spectral decomposition was done at frequencies be-
tween 12Hz and 35Hz for the base and the monitor seismic. Fig-
ure 14 is the seismic volume obtained for the general spectral de-
composition. Figure 14 illustrates Red-Green-Blue blend of the 
higher resolution of the frequency slices. The RGB colour blend 
effect gives a better understanding of the reservoirs geology. The 
colour blend is spectral balancing which recompense for wave-
let and energy loss. The figure showed a complex meandering 
system and other less winding channels which are discontinuous 
and difficult to resolve on the seismic. The RGB colour blending 
slices revealed more hidden structures compared with what is 
observed in the time structural map. In this figure, the areas in 
red color indicate areas of low frequency and high amplitude 
associated with known hydrocarbon zones and when one colour 
is dominating, it showed that the frequency is dominating at that 
point. It revealed the geometry of the channels and other fewer 
sinusoidal channels. The channels are displayed with bright co-
louration which contains multiple frequencies as observed with-
in the low frequency and indicated in black circles in Figure 14. 
The meandering channels run across from the north-eastern to 
the south-eastern part. These are likely traps for hydrocarbon 
accumulation. The amplitude response which is dominated by 
blue colour is high frequency. At the central part, there is high 
amplitude, an indication of hydrocarbon/gas effect. The acous-
tic impedance within the gas-bearing sand is lower compared 
to the surrounding shale [29]. At parts where there’s a change 
in colour to brownish, it showed thickening up of the reflectors 
and greater contribution from the lower frequencies. There are 
colour changes in the channel system which could be indicative 
of changes in lithology. 

4.6: Stratigraphic Contact  
A major geologic feature was observed on the time-slice from 
the divergent pattern on the seismic section as we penetrate 

deeper, which is an unconformity (Figure 15). This represents a 
significant break in vertical velocity or breaks in deposition time 
or record on horizon [30]. This type of unconformity is called 
angular unconformity. Angular unconformity is an unconformi-
ty between two groups of rocks whose bedding planes are not 
parallel or in which the older underlying rock dips at a different 
angle (usually steeper) than the younger, overlying strata. Its in-
terpretation depends on the recognition of characteristic reflec-
tion geometries rather than on amplitude information. It shows 
that deposition of the sediments took place at different times. 
Some of the lobes are indicated in Figure 15 (individual lobes 
K and L). 

As can be seen in the areas in black ovals in Figure 15, the re-
sults of spectral decomposition at frequencies between 12Hz 
and 35Hz indicate the following: (a) There is more continuity 
of faults than previously interpreted; (b) The presence of small-
scale faults in the field.

5.0: Conclusion
A total of four sand bodies (L, M, N and O) were identified 
and correlated across all seven wells in the field. All interpret-
ed faults are normal synthetic and antithetic faults. A total of 
thirty-six faults were interpreted across the entire seismic data. 
Of the thirty-six interpreted faults, only F1 (synthetic fault) and 
F4 (antithetic fault) faults are regional, running from the top to 
bottom across the field. Hence, these faults play significant roles 
in trap formation at the upper, middle and lower sections of the 
field. Three horizons (M, N and O) were selected for the study. 
The seismic attributes interpreted include variance, chaos, dip 
magnitude, sweetness, root mean square amplitude and spectral 
decomposition. The variance and chaos values range from 0.0 to 
1.0. The dip magnitude values range from 0 to 90 degrees. The 
variance, chaos and dip magnitude revealed the subtle structures 
and faults in the seismic section. The sweetness value ranges 
from 0 to 22,500. The RMS amplitude values range from 0 to 
13,000 in the reservoirs. The RMS amplitude and sweetness re-
sults highlighted the hydrocarbon zones. The results of spectral 
decomposition indicate the following: (a) areas of low frequency 
and high amplitude associated with known hydrocarbon zones; 
(b) The presence of small-scale faults in the field; (c) The pres-
ence of channels and lobes in the field. The seismic attribute 
analysis in this study has helped in increasing the understanding 
of the delineated reservoirs and geological structures in the study 
area towards a better delineation of its hydrocarbon potential. 
Furthermore, it has been demonstrated that seismic attributes 
are complementary to the information derived through tradition-
al methods of seismic interpretation. Hydrocarbon exploration 
and development risks can be reduced greatly with the outcome 
of seismic attributes extraction and analysis. It is recommended 
that 3-D seismic attributes for reservoir characterization of the 
studied field should be done for proper assessment and prospects 
definition of the area away from the area under well control.
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