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INTRODUCTION

The gravity method is the oldest and cheapest tool in
oil exploration, mineral exploration and deep crustal studies
of the earth. Generally the interpretation of gravity data is
carried out in space and frequency domains. The interpretation
of data is preferred in frequency domain. In frequency domain
the depth values are generally calculated by the Spector and
Grant (1970) method and its variant. This method assumes
uncorrelated or random geology. A modified method to
estimate depth values for scaling geology is proposed by
Pilkingtom et al. (1994); Maus and Dimri (1996) and the
method is called  “ Scaling spectral method.” The scaling
spectral method is a modification of the conventional spectral
method employed for the interpretation of the potential field
data, where the effect of scaling exponent is introduced. The
concept of scaling noise was introduced by Mandelbrot, where
the power spectrum of scaling noise can be written as
P (ω) ∝ k-α , wherein P(ω), ω and α are  power spectrum,
wavenumber  and scaling exponent respectively.

The scaling spectral method has been applied in
various regions to study the nature of anomalous sources
(Plikington and Todoeschuck, 1990; Maus and Dimri, 1996).
The mono-scaling nature of anomalous sources has been
assumed. From the borehole studies it has been found that
source distribution is multi-scaling (Zhou and Thybo 1998).
The objective of the present studies is to interpret the gravity
data for scaling distribution of sources and find out the nature
of the source distribution in terms of mono or multi-scaling.

METHODOLOGY

There are many different computational methods for
estimating the power spectrum of time/space function. There
are two spectral estimation techniques based on Fourier
transform. The power spectral density (PSD) estimation based
on the indirect approach via an autocorrelation was popularly
known as Blackman and Tukey approach (Blackman and
Tukey, 1958) and direct approach via at fast Fourier transform
(FFT) operation was popularized (Cooley and Tukey, 1956)
and known as periodogram. The FFT methods assume zero or
repetitive data beyond the observed limit of data, which is
unrealistic. To overcome the limitations of the FFT, Burg (1967,
1968) proposed a maximum entropy method (MEM), which
maximize the entropy of unavailable informations. The MEM
method is noncommittal to the non available informations.

MAXIMUM ENTROPY METHOD (MEM)

Entropy relates the amount of randomness or
uncertainty in system that transmits information. The MEM
method is superior than the other spectral estimates for shorter
data length. The MEM is based upon an extrapolation of a
segment of known autocorrelation function for lags, which are
not known. If we assume {Φ
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 (0), Φ

11
 (1)… Φ

11
 (p)} are known,

there are an infinite number of possible extrapolations i.e. {Φ
11

(p+1), Φ
11

 (p+2)…} Burg argued that extrapolation
autocorrelation function should have maximum entropy. The
time series will then be the most random one, which has the
known autocorrelation lags for its (p+1) lags. The resultant
spectrum estimate is termed the maximum entropy spectral
estimate. The power spectrum can be written as:
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DEPTH DETERMINATION FROM GRAVITY DATA

The conventional method of depth determination by
spectral method assumes white source distribution because
of mathematical simplicity and non-availability of information
about the physical distribution of sub-surface source. However
borehole studies such as from the German Continental Drilling
Program (KTB), Canadian Shield etc. have shown that the
source distribution is scaling (Pilkington and Todoeschuck,
1990,1993,1995; Maus and Dimri 1995, 1996).

SCALING SPECTRAL APPROACH

A modified technique to estimate the source depth
by incorporating a scaling factor has been proposed by
Pilkington et al. (1994); Maus amd Dimri (1996). They
suggested spectral exponent α = - 3 as a priory information.
The spectral exponent may not be uniform over a wide range
geological setting and depth intervals. Spectral exponent α
also reflect the degree of correlation within the distribution. If
α is negative, the majority of the power is concentrated at low
frequency and the variable is correlated.

The observed gravity field contains both depth and
scaling exponent information. The power spectrum of gravity
field for scaling geology can be written as (Maus and Dimri,
1996):

P(ω)=Ae-2ωdω-α (2)

Where
P (ω) =Power spectrum of gravity field, and
A =constant.

Since the depth values and scaling exponents are
interrelated. A least square inverse method is used to calculate
the depth values and scaling exponents.

APPLICATION TO KAVALI- UDIPI GRAVITY DATA

The Kavali-Udipi profile is well studied by
geophysical and geological method. The Kavail-Udipi profile
is 600 Km long and it starts from Kavali town on the east
coast and ends at Udipi town on the west coast. The location
and geology along the profile is shown in Figure. 1. Kaila and
Bhatia (1981) presented the description of gravity anomaly.
The power spectrum is calculated for the whole profile and
sub-profiles. The sub-profiles are obtained by dividing the
whole profile into piecewise stationary sub-profiles following
the approach developed by Bansal and Dimri (1999). It is
observed that the power spectrum calculated by the Fast Fourier
Transform (FFT) is very scattered. It is very subjective to fit
the straight-line i.e. calculating depth and scaling exponent.
To overcome these limitations of the FFT, a high-resolution
spectrum analysis MEM is used. The order selection of the
autoregressive (AR) process is carried out by the criterion of
Akiake final prediction error (FPE) (Ulrych and Bishop, 1975).
The order of the process is found for whole profile and sub-
profiles.

Figure 1: The location and geology along the Kavali –Udipi profile
(after Singh et al., 2003).

(1)

The power spectrum calculation by the MEM is very
smooth and less subjective for calculating depth and scaling.
At the out set the scaling exponent and depth are calculated
using all power spectrum values for all wavenumber up to
Nyquist wavenumber, as done by Maus and Dimri (1996),
which resulted in shallow depth value and scaling exponent
as 3. Whereas Zhou and Thybo (1998) from bore holes have
been shown multi-scaling nature of the source. Therefore, we
tried to propose a scaling spectral method for multi-scaling
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geology as follows.  From gravity data, the power spectrum
should be dealt in parts. We have calculated scaling exponent
and depth for power spectrum for smaller, intermediate and
higher wavenumber. The plots of log power spectrum
calculated using MEM for whole profile and sub profiles versus
wavenumber are shown in Figure 2 and 3. The results obtained
by this analysis are shown in Table 1. It can be seen that higher
(more negative) scaling coefficients are corresponds to the
shallow depth values. The depth value 6.8 km obtained for
section (k1) may be the thickness of schist, whereas from the
seismic method the depth values vary from 5 to 7 km. For the
section (k2) the depth value 11.2 km may be the thickness of
western Dharwar rocks. In section (k3) the depth value 10.2
km may be the thickness of eastern Dharwar rocks. The depth
of seismic reflector varies from 8 to 10 km in the area. In section
(k4) the depth value of 10 km may be the thickness of Cuddapah
sediment. The seismic method shows that in this region there
was the deposition of Cuddapah Kurnool sediments. The
Cuddapah basement lies in this region at a depth 9-10 km. The
different scaling exponent for the section k1, k2, k3 and k4
may be due to lithology.  The use of multi scaling method gives

Figure 2: The log power spectrum versus wavenumber plot for the
whole profile. The power spectrum is calculated by MEM
(Burg’s) approach. The depth values and scaling exponent
are calculated by multi scaling approach.

Figure 3: The log power spectrum versus wavenumber plot for (a) first section k1;(b) second section k2; (c) third section k3; (c) third
section k3; (d) fourth section k4. The power spectrum is calculated by MEM (Burg’s) approach. The depth and scaling exponent
values are calculated by multi scaling approach.
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very reasonable depth and different scaling exponent for
different depths and different geology. Whereas if a single
scaling exponent should be used, only shallowdepth can be
obtained.

CONCLUSION

1. The high resolution MEM is found to be more suitable
for depth determination from gravity data.

2. The nature of anomalous source is found to be multi-
scaling.

3. The different scaling exponents are found for different
depth and different lithology. At deeper depth the scaling
exponent is less negative and at shallow it is more
negative
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Table 1: Depth values calculated by multi-scaling approach using
MEM.

Profile Depth (Km) Scaling exponent
Whole 24 -0.11

7.4 -1.28
2.18 -2.7

K
1

6.8 -3.1
K

2
11.2 -4.2

K
3

10.2 -1.2
K

4
9.9 -0.57


