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applying spectral analysis of gravity data in
sub-basalt region of Kutch-Saurashtra
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Abstract
Spectral analysis approach based on Fast Fourier Transform (FFT) has been used to estimate depths to the source at the
different levels and to separate them in different wave bands with enhancement of signal-to-noise ratio. The digital gravity
anomaly data is transformed from space domain to frequency domain and the computed spectrum is used to estimate depth
of the different layers. A linear method such as two-dimensional (2D) filtering is used in separating the various components
according to wave number spectrum. The present study of composite gravity anomaly map in Kutch-Saurashtra regions
indicates a large number of circular gravity high associated intrusive plugs of Deccan volcanisms and gravity lows are
observed over shelf basin and Surat depression. The 1D spectra has been applied on two profiles of 574 Km and 585 Km.
The result obtained from1D spectral analysis when compared with 2D radial power spectrum of the Saurashtra region
shows depth of different discontinuity such as Moho at 36 Km, Lower Crust at 11 Km and basement at 5 Km. As part of an
extensive geophysical investigation in the area of Saurashtra, an attempt has been made to derive the layer thicknesses from
the existing gravity data using spectral analysis techniques on gravity map of the area. The low frequency segment shows a
consistently higher value than the high frequency segment. The low frequency segment has been used for the depth
estimates. The high frequency segment with greater slope in this case is the result of the non-linearity, where the second and
the higher order terms gives rise to the repetition of the long wavelength part.

Introduction
Spectral analysis of the potential field can be directly
used to estimate depths to the source at the different levels and
separate them in different wave bands as regional and residual
fields (Spector and Grant, 1970). The digital data of the
Bouguer anomaly map is transformed in frequency domain
and the computed spectrum versus wave number is used to
compute depth (Bhattacharyya, 1966; Naidu, 1968). A twodimensional set of data representing the gravity field acts as a
superposition of fields due to a subsurface distribution of
sources (Maus and Dimri, 1995). Linear method of twodimensional filtering has been used in separating the various
components according to their wave number spectrum.

Geology and tectonics of Saurashtra region
Saurashtra Peninsula located in the North Western margin
in Indian shield, occurs in between three intersecting rifts
namely Kutch, Cambay and Narmada. These basins are formed
by rifting along the Precambrian tectonic trends of western
India. The geological history of the basins indicates that the
basins were formed by the sequential reactivation of the
primordial faults. The major portion of the peninsula is occupied
by the Deccan lava flow with the lower cretaceous sediments
exposed in the north eastern part of Saurashtra region. The basalt
dominated Deccan Trap with restricted acid and intermediate
volcanic and intrusive is exposed as thick pile in the southern
part of Gujarat, Saurashtra and as relatively less thick horizons in
Kutch region. It is observed that the primordial fault pattern and
the basement grain controlled the structural styles of the
sedimentary basins (Bhattacharya, 1994). Reactivation of the
major basement faults and the block faulting along them give

rise to intercratonic and marginal basins of the Indian Shield.
The most dramatic tectonic event to have affected the western
India was the initiation and eruption of the Deccan/Reunion
hotspots about 66 million years ago (Renne, et al., 2015; Sprain,
et al., 2019). Doming associated with the mantle plume changed
stress in the Bombay Platform areas which enhances the
established Horst-Graben structures. The Bombay High
basement structures were uplifted at this time, possibly by the
reactivation of the older faults. New rifts were initiated in
response to the mantle plume.

Gravity map of Saurashtra and surrounding region
The present study area lies between Longitude 67.50 E to 72.30
E and Latitude 190 N to 230 N. Composite gravity anomaly
map is prepared by considering Bouguer anomaly and satellite
free air anomaly (Figure1).Saurashtra peninsula shows a large
number of circular gravity high associated intrusive plugs of
Deccan volcanisms. Number of medium amplitudes short
wavelength relative gravity lows besides a broad gravity low
of maximum 25 mgal centered over Jasdan plateau. The
central gravity low in Saurashtra is not connected to
thickening of the crust. The crust is shallower than in the
western part where the gravity values are higher. This low is an
aberration caused by the combined effect of presence of lower
density (2.4 g/cc) sediments below the volcanic rocks and
absence of high-density (2.9 g/cc) volcanic plugs that
surround the region. In the offshore region, major lows are
observed over shelf basin and Surat depression filled with
thick sediments, whereas high is observed over Saurashtra
offshore basin. This high could be related to magmatic underplating material related to the process of rifting and Deccan
volcanism. The volcanic hotspot trend shows the possible path
of rifting of India from Madagascar (Figure1).
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Figure 1: Composite gravity map of the Saurashtra region bring out different highs over volcanic plugs A, E and lows over
offshore sedimentary basins.

Topographic variation
The correlation of composite gravity anomaly (Figure 1)
and topographic map (Figure 2) along two profile aa' and bb'
is presented in Figure 2. In the north Arabian Sea, topographic
depth is up to -3400 m and thereafter the gradient decreases
gradually. Topographic elevation of the continental parts of
Saurashtra is 200 m and areas like Jasdan plateau, the
topographic height is more than 600 m. Areas of volcanic
plugs the topographic height increases more than 600 m which
is correlated with gravity map of magnitude 0 to - 40 mgal
depending upon the topography. In offshore, shelf areas have
been divided into blocks like Diu, Surat, Bombay High and
Panna where depth of the shelf is less than - 400 m. Shelf
regions sediment in case of Bombay high is - 200 m beneath
the sea-level and gravity low indicates the sediment thickness
is high due to the doubly plunging anticlinal structures where
the oil traps are present. In the topographic map (Figure 2),
bathymetric layers lying parallel to each other showing their
state of deposition due to the fluvial deposits and Indus fan.
The bathymetric layer ranges from - 400 to - 2400 m,

afterwards the Abyssal Plain starts. The Shelf is wider in the
Northern and Southern as compared with the central parts. The
variation of gravity anomaly and elevation with distance along
the two profile aa' and bb' of 574 km and 585 km is presented
in (Figure 3).

Spectral analysis and depth estimation
Spectral analysis of the potential field can be directly
used to estimate depths to the source at the different levels and
separate them in different wave bands as regional and residual
fields. The gravity data is transformed into frequency domain
and the computed spectrum versus wave number with slope
segment equivalent to depth of the different layers at
discontinuity. A two-dimensional set of data of the gravity
field can be thought of as a superposition of fields due to a
subsurface distribution of sources. Linear methods such as
two-dimensional filtering have been used in separating the
various components according to their wave number
spectrum. Spectral methods of gravity data processing have
been used for handling a large amount of data and for signal-
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Figure 2: Topographic map of the Saurashtra region prepared from the Satellite Topographic data showing the
elevation and depression of the various parts of the study area.

Figure 3: Anomaly variation with depth and comparison with topographic variation with depth along the two profile aa' and bb'. In Profile aa',
the gravity anomaly profile is negative in offshore region. As the profile passes through the hotspot region the anomaly becomes high
and over the Jasdan plateau negative value of gravity anomaly is observed.In Profile bb', the gravity anomaly profile shows negative
magnitude in offshore part. In onshore part positive anomaly is observed in hotspot region. The nature topographic elevation in both
the profile are same.
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to-noise ratio enhancement. By Fast Fourier transformation
(FFT), the gravity field data is represented by two dimensional
Fourier series consisting of various frequencies which
characterize the anomalies (Bhattacharyya, 1966; Naidu,
1968). The amplitude and phase relationship among these
frequencies has been used for the interpretation of gravity data
of downward continuation and source depth estimation.
The gravity anomaly Δg(k)
as a function of
approximation of small wave number can be written in the
simplified form as:

Δg(k) = 2 GP0e-j|k|h0 Δh(k)

.... (1)

The above equation (1) indicates a direct connection
between the computed gravity spectra and the unknown mean
depth (h0) of the interface, perturbed by the term Δh(k), where
Δh(k) is the Gaussian distribution function (Spector and
Grant, 1970).The long wavelengths generates the non-linear
relation between gravity spectra and wave number of Δg(k) is
negligible and the slope of the graph provides an estimate of
the depth of discontinuity such as Lithosphere-Asthenosphere

Boundary (LAB), Moho, lower crustal part. The above
equation is applied to the present gravity anomaly data using
MATLAB generated code by applying FFT to generate 2D
radial power spectrum of the Saurashtra region showing the
linear segment with the slopes equivalent to 36 km, 11 km and
5 km that is related earth's discontinuity layer in sequence
from Moho, lower crust, basement and the remaining part with
wave number greater than 0.1 are contributed by noise (Figure 4).

Result and Discussion
In the present study, spectral analysis of gravity anomaly
data of Saurashtra and surrounding offshore regions has been
carried out. The result of the analysis estimates depth of Moho
ranges from 36-42 km that is comparable with the gravity
modelling carried out from previous studies. The thickness of
the mid-crustal layer is about 15-17 km that represents the
boundary between upper and lower crust. The average depth
of the basement estimated from spectrum is 5 km. Prepared
gravity anomaly map gives an indication of the possible
movement of Indian plate after separation with African plate
from the hotspot trend and the depositional areas.

Figure 4: 2D Radial power spectrum of the gravity anomaly map along the Saurashtra region showing the linear segment with the slopes
equivalent to 36 km, 11 km and 5 km that appears to be related with Moho, lower crust, basement layers and rest of the remaining parts
are contributed by noise.
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Conclusion
As part of an extensive geophysical investigation in the
area of Saurashtra, an attempt has been made to derive the
layers thickness from the existing gravity data by applying
spectral analysis technique and to study the gravity anomaly
map.
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