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ABSTRACT : The paper discusses the use of frequency domain seismic data for identification of the faults and stratigraphic features
through case study from Mumbai High North. Mumbai high field is a large field with complex fault system and is divided into
Mumbai High North and Mumbai High South by a shale barrier. To understand the complexities different attributes were extracted
from the seismic data. A frequency domain data volume in the reservoir level was generated for different frequencies and used for
identification of structural and stratigraphic features. A barrier like feature was identified in the northern part of the study area using
frequency domain data which could not be delineated on seismic data.

INTRODUCTION

Spectral decomposition is a tool which is widely used
in the oil industry for identification of thin beds and for
identification of discontinuities like faults, fractures, etc. This
paper discusses the application of this technique for
identification of structural discontinuities and stratigraphic
features, which are difficult to identify in time domain seismic
data, especially, in carbonate depositional environment. Also
this technique is useful for identification of fault trends with
limited or negligible throw.

BACKGROUND AND STUDY AREA

Mumbai High field is a complex multilayered reservoir
and is in production since 1974. Basically the mapping and
development of the field is based on 2D seismic data and well
data. 3D seismic data in this field was acquired in 1997. Detailed
G & G study is being carried out for redevelopment plan to
identify the proper positioning of the locations and to provide
assistance in planning of drilling high tech horizontal wells.
One of the major challenges is to understand the complex nature
of the fault system and its effect on the reservoir level. Mapping
of major faults on the seismic data has provided only a regional
picture. In order to understand and map the minor faults and
their nature various attribute volumes were generated and used.

The study area consists of  1250 inlines and 2900
cross lines. Interpretation was carried out at every 25 m x 12.5
m grid. The study area consists of around 400 wells. The eastern
part of the study area is bounded by a regional fault with a
throw above 125 m. Southern part of the area is bounded by a
shale barrier which separates it from the Mumbai High South
(Figure 1).

Figure 1: Location Map of the Study area with the faults interpreted
in time domain

THEORY

Spectral Decomposition transforms the seismic data
from time/depth domain into the frequency domain by using
Discrete Fourier Transform (DFT). The transformed phase
independent amplitude spectrum is used to delineate temporal
bed thickness variability while the, phase spectrum is used to
indicate lateral geological discontinuities. This technique is
used for thickness estimation and fault definition.

When this signal is transformed in to frequency
domain using Discrete Fourier Transform (DFT) it provides
this components, namely, Amplitude spectrum of the signal
and phase spectrum of the signal.
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The Fourier Transform of seismic time data x(t) can be written
as

X(f) = ∫
∞
g(t) e-2πft dt

                

-∞

The Discrete Fourier Transform algorithm can be written as

N-1
DFT = A(ω)  =     ∑    a(t) e(-2πitω)/N

i=0

Where i = √-1
a(t) = amplitude of seismic time trace at sample t
A(ω) = amplitude of transformed trace at frequency ω
N = Number of samples in the window.

This can be expanded using Euler’s equation as

                           N-1
DFT = A(ω)=   ∑a  (t) (cos (2πtω/N)-(i sin(2πtω/N))

           i=0

The resulting spectrum as it can be seen from the
above is a complex spectrum which has a real part and an
imaginary part and can be represented as

|A(ω)| eiγ(ω)

where A(ω) is amplitude spectrum and γ(ω) is the phase
spectrum

The amplitude spectrum is calculated by the equation

                 ________________________________
|A(ω)|= √Real part of A(ω)2 + Imaginary part of A(ω)2

The phase spectrum is calculated by the equation

γ(ω) = atan [imaginary part of A(ω)/Real part of A(ω)]

The amplitude spectrum delineates the thin bed
variability as well as lateral discontinuities. The phase spectrum
delineates the lateral discontinuities. One of the important
parameters in Spectral Decomposition technique is the window
length. If the  window is too small it fails to resolve the tuning
effects of the thin beds and wedgeout features. Too large
windows will encompass many geological features. Hence it is
necessary to choose a window, to strike a balance between
tuning and localization.

METHODOLOGY

Frequency volume was generated, by converting the

windowed time domain 3D seismic data to frequency domain.
Frequency slices were generated, for different frequencies
clearly bring out both the structural and stratigraphic features
in the data, which could not be identified in the time domain.

The spectral decomposition volume in 300 ms window
with LIII reservoir top at the center of window was generated.
The frequency slices are generated at 5Hz interval starting
from 10 Hz to 70 Hz.  Different frequency slices were studied by
superimposing the faults interpreted in time domain on
frequency slices. Seismic attribute maps were also studied along
with the frequency slices to identify the areas of changes of
attribute properties and their relation to the frequency slices.

OBSERVATIONS

From the analysis of the frequency data along with
different attribute maps and time slices, following observations
were made

1. From the visual inspection of the frequency slices it is
observed that the frequency slice at 35 Hz has brought
out the structural and stratigraphic elements in the study
area more clearly than other frequency slices (Fig. 2)

2. The structural features like faults are clearly demarcated
in the frequency slices. Many faults mapped in the time
domain are in conformation with the frequency domain
lineaments (Fig 5 and Fig 6). The continuity of the some
of the faults, which could not be established, is clearly
brought out in the frequency slice maps. (Fig 3)

3. The stratigraphic features are also clearly observed in
the frequency slices. A channel like (?) feature (Fig 3) is
observed in the northern part of the study area. An

Figure 2: Frequency Slice at 35 Hz
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attempt was made to trace this feature in time domain.
This feature is a small low and can be traced only partially
on seismic sections. Hence it is concluded that this
feature may be a strati-structural feature. The properties
of this feature appear to be similar to that of the
permeability barrier to the south of the study area.

4. Other continuous trends running in NNE-SSW, E-W
(parallel to permeability barrier), are also observed in the
frequency slices. These trends are matching with the
faults mapped at some places. These trends were marked
on the frequency slices and are superimposed by the
faults mapped. It is assumed that these trends may be
the major faults with a strike-slip component and
dividing the entire area into different blocks.

5. These features need further study and may have a major
impact on the fluid dynamics of the area.

Frequency Domain Seismic data

Figure 3:  Frequency slice at 35 Hz with the faults

Figure 4: Zoomed portion of the frequency slice showing channel
like feature.

Figure 5: Seismic cross line section along AA’ showing the observed
features

Figure 6: Seismic inline section along BB’ showing the observed
features

CONCLUSION

From the above study it can be seen that the frequency
domain data can be

1. useful for identification of the structural discontinuities
2. useful in delineation of stratigraphic and strati-structural

features which are difficult to map in time domain data.
3. useful in identifying the continuity of faults which are

otherwise difficult to map in time domain.
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