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Introduction

Various techniques have been developed to
interpret potential field data which are broadly categorized
as: Forward and Inverse modeling (Blakely, 1995).
Ambiguity in identification and characterization of the
sources from the potential field data makes formulation of
initial model a critical step while analyzing the data. The
second category of techniques (inversion) shows many
constraints such as ill posed problem, non-uniqueness and
need of some a priori information (Dimri, 1992). To
overcome these problems a technique is developed to
process potential field data in wavelet domain (space scale
domain) using continuous wavelet transform (Moreau et al.,
1997). The wavelet transform (WT) technique is efficient
to use and show good resolution. Further, this technique
correctly handles the noises and non-stationarity of data
which are generally difficult to tackle in other methods.

In this study, first the theory of WT technique is
discussed. The application of the technique is explained on
the synthetic gravity anomalies. Finally, the technique is
applied to the gravity data of Cuddapah basin. The Bouger
gravity anomaly is transformed to wavelet domain and the
modulus maxima lines are interpreted for mean depth and
location of causative sources.

Theory

The interpretation of potential field data in wavelet
domain CWT is developed by Moreau et al. (1997, 1999).
In the wavelet domain, a signal is decomposed in the
orthogonal wavelets of finite duration known as a mother
wavelet or analyzing wavelet. The continuous wavelet
transform (W) of function ( )x0φ  in 2D space can be viewed

as convolution product with the mother wavelet (Moreau
et al., 1997, 1999) as

  (1)

where ψ  is analyzing wavelet, x is abscissa along
the profile, a is dilation, b is a position parameter and the
dilation parameter D

a
 can be defined as

   (2)

For homogeneous functions (Moreau, 1997)

                                 (3)

where á is the homogeneity of the source which is
related to the Euler structural index (N) as á = -N-1 and
thus, gives the information about the shape of source.

It is clear from the above equation that wavelet
transform of a homogeneous function is equivalent to
dilating and scaling any single voice             aaaaaaaaaaaaaa
of the wavelet transform (Moreau, 1999).

Moreau et al. (1997, 1999) defined the poisson semi
group P

a
(x) which transforms the harmonic field

from measured level z to the level z + a.

        (4)
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Summary

The interpretation of gravity data in auxillary field space (such as Fourier domain) becomes easy because convolution
operator changes to multiplication. The continuous wavelet transform (CWT) is used to locate and characterize the sources
of potential field data in space scale domain. Using Poisson wavelets, the wavelet coefficients of potential field exhibit cone
like structures for isolated and extended bodies. The modulus maxima lines (ridges of wavelet transform) are used to locate
and characterize the causative sources. Here, the theory of the technique is summarized with the application shown on
synthetic gravity data and finally, the technique is used to interpret the gravity data from Cuddapah basin. The variation in
thickness of sediments along the profile and the boundary between Cuddapah basin and Eastern Ghat Mobile Belt (EGMB)
are showing good signatures in wavelet domain.
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The γ  order real horizontal ψ
x
 and vertical ψ

z

wavelets can be expressed in space domain as

                                        (5)

The complex wavelet of order ã can be defined as
(Sailhac, 2000)

                         (6)

and the complex wavelet transform of the potential field
φ

0
 is given by

  R  (7)

If the source is homogeneous, the relation between
wavelet coefficients at two levels a and a” for any poisson
wavelet is given as (Martelet et al., 2001)

(8)

where second exponent  â is related to homogeneity á as

Equation (8) represents the set of straight lines
forming a cone-like pattern whose apex is the center of
homogeneity of the analyzed function. The value of ã, i.e.,
order of wavelet used is known. So, the value of â is
associated to the value of á which gives information about
the shape of source.

Sailhac et al. (2000) suggest the use of complex
Poisson wavelets which efficiently take care of all the
information of data. By using Poisson group of wavelets,
properties of wavelet coefficients can be used to locate and
characterize the causative source. In 3D, wavelet transform
exhibits a cone-like structure where top of the cone gives
the location of the source. The intersection of modulus
maxima lines gives the mean depth of the source. For any
modulus maxima line, the mean depth can be estimated by
spanning an a priori depth interval and by quantifying the
linear character of transformed ridge by fitting a polynomial
of degree 1. The minimum in misfit curve (in least square
sense) corresponds to the mean depth of the source (Moreau
et al., 1999). Once the mean depth z

0
 of the source is known,

the exponent â (representing shape of source) can be

computed from the slope of  best fitted line for the plot of
log ( |W| / aã ) versus log (a+z

0
) along any modulus maxima

line (Moreau et al., 1997, 1999). Thus, geometrical properties
of modulus maxima lines make it possible to find location
and mean depth of source.

Examples: I. Application on Synthetic data

The following examples illustrate the application
of the technique on the gravity anomaly due to isolated and
extended homogeneous gravity sources. The first example
is shown in Figure 1 to analyze the gravity anomaly due to
a vertical step extended in between depth range 0 to 10.
The wavelet coefficients are computed by applying
continuous wavelet transform to the anomaly (Figure 1(a)
& (b)) using complex poisson wavelet (ã = 1). Figure 1(a)
shows the calculated values of wavelet coefficients (denoted
by the shading of colour) for different dilations and distance.
The cone like structure is clearly shown which points
towards the location of the source. There is only one
modulus maxima line and the intersection Figure 1:  (a)
Calculated wavelet coefficients (shown by colour shade) at
different dilations and distances. The assumed model of
vertical step is also shown between depth range z = 0 to 10
(b) Synthetic gravity anomaly due to assumed model (c)
Plot of log ( |W| / a ) versus log (a+z

0
)  showing  best slope

= - 0.98 (d) Plot of L2 misfit (in least square sense) versus
depth  showing the minimum at mean depth = 4. of this line
on x-axis shows the location of vertical step accurately, i.e.,
at x = 400. The wavelet coefficients (W) along modulus
maxima lines at different dialations have been analyzed and
log (|W| / a) versus log (a+z

0
) plot is shown in Figure 1(c).

Different values of z
0
 are tested for linear regression and

the best fitted one corresponds to the depth of the source
(Figure 1(d)). Here, the best fitted line has the slope = -
0.98 (â representing the shape), which is in good accuracy
to the theoretical value -1 of vertical step model (Martelet
et al., 2001). Also, from the analysis of L2 misfit (in least
square sense) versus depth, the minimum value comes out
to be at mean depth = 4 which is also near to the assumed
mean depth of z = 5.

Second example (Figure 2) shows the application
of technique on extended source using real poisson wavelet.
Wavelet coefficients have been calculated for synthetic
gravity anomaly due to rectangular slab of uniform thickness
placed between x = 100 to 200 and depth z = 25 to 30 using
real poisson wavelet (ã = 1). In this case modulus maxima
lines converge to the edges of slab giving x = 93.5, z = 27.5
and x = 199, z = 27.5 respectively which are near to the
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assumed values of location and mean depths of edges of
rectangular slab. Thus, above examples show application
of WT technique using real and complex poisson wavelets
for characterization of isolated and extended sources. The
results from above synthetic examples show the efficiency
of the method to locate and characterize the source.

II. Application on real data

To identify and characterize the causative sources
of the anomaly, the WT technique is applied on the gravity
data of Cuddapah basin. The Bouger gravity anomaly over

Cuddapah basin (CB) and Eastern Ghat Mobile Belt (EGMB)
is interpreted using continuous wavelet transform.

Before applying the wavelet transform, the Bouger
gravity anomaly is interpolated every 1 km using a cubic
spline (Figure 3(b)) and the data are analyzed taking into
care the end correction. First, the anomaly is analyzed using
real poisson wavelet (ã = 3) and the modulus maxima lines
of wavelet coefficients are analyzed (Figure 3). The
intersections of modulus maxima lines give the location and
mean depth of the sources of anomaly which are shown in
table 1. From table 1, it is clear that the mean depth ranges
from 1 to 7 km except a sudden increase of mean depth
value equal to 16.5 km at 131 km. The thickness of
sediments over Cuddapah basin is given around 8-10 km
by previous studies (Kaila et al., 1981, Singh et al., 2004).
Thus, keeping in mind the results of previous studies, it is
inferred that the mean depth of the sources calculated using
WT technique points towards the sediment thickness. Also,
it is clear from Figure 3 that the variation in mean depth of

Figure 2- (a) Wavelet transform of synthetic gravity anomaly due to a
rectangular slab placed between x = 100 to 200 and depth z = 25 to 30.
The analyzing wavelet is real poisson wavelet (ã = 1). Modulus maxima
lines point towards the location of the source at negative dilation
corresponding to the depth of the causative sources (calculated x = 93.5,
199 and mean depth = 27.5, 27.5) (b) gravity anomaly due to synthetic
rectangular slab.

Figure 1:  (a) Calculated wavelet coefficients (shown by colour shade)
at different dilations and distances. The assumed model of vertical step
is also shown between depth range z = 0 to 10 (b) Synthetic gravity
anomaly due to assumed model (c) Plot of log ( |W| / a ) versus log
(a+z

0
)  showing  best slope = - 0.98 (d) Plot of L2 misfit (in least square

sense) versus depth  showing the minimum at mean depth = 4.
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sources is well delineated by the intersection of modulus
maxima lines. It has been observed that WT technique is
showing more detail local information than from gravity
modeling such as upto 94.5 km the mean depth range is low
(from 1 to 4 km) which shows thickness of sediments is low
in this region.

The anomaly is also analyzed using complex
poisson wavelet of ã = 1 (Figure 4). There are two major
modulus maxima lines which are analyzed as in the synthetic
case. First modulus maxima line gives location of source at
x =28.22 km with mean depth equal to 5 km (from minima
of misfit) and exponent â = - 0.69 (from best straight line
fitted to log (|W| / aã ) versus log (a+z

0
) plot) . When other

modulus maxima line is analyzed, the location of source
comes out to be x =130.73 km which is close to the boundary
of Cuddapah basin and EGMB. The mean depth of the
source suddenly increases here (z = 26) and exponent â = -
1.77 which indicates shape of source similar to dyke (â = -
2). This feature is also seen in Figure 3 using real wavelet

Figure 3: (a) Wavelet coefficients and modulus maxima lines calculated
using real poisson wavelet (ã = 3). The intersection of modulus maxima
lines shows the shape of causative sources. (b) Bouger gravity anomaly
over Cuddapah basin and EGMB.

Figure 4: (a) Wavelet coefficients and modulus maxima lines calculated
using complex poisson wavelet (ã = 1). The major modulus maxima line
near x = 130 km has been analyzed. (b) Plot of log ( |W| / aã ) versus log
(a+z

0
)  showing  best slope = - 1.77 (d) Plot of L2 misfit (in least square

sense) versus depth  showing the minimum at depth = 26.

as the mean depth to causative sources show an abrupt
increase (z =16.5 km) near this location (modulus maxima
lines shown in different colour). Higher value of ã is used in
real wavelet case and as ã increases the mean depth comes
out to be shallower (Moreau, 1999) which is clear from the
case of using real wavelets. Depending on the value of ã,
the mean depth from intersection of modulus maxima lines
must be in between the upper and lower ends of the source.
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The difference in values of mean depth from real and complex
wavelet in this case indicates that the source structure is
vertically extended. Also, the exponent â showing the shape
of source confirms a gouge like structure which is placed
near the boundary of Cudappah basin and EGMB.

Thus, the above application of WT technique to
interpret the gravity anomaly in order to identify and
characterize the causative sources shows the effectiveness
of the technique.

Conclusions

The application of continuous wavelet transform
on synthetic examples shows that WT technique is found
suitable to provide the information about the homogeneity
(representing the shape) and mean depth to the isolated and
extended anomalous sources. The application of technique
to real gravity data of Cuddapah basin indicates the mean
depth of causative sources ranges from 1 to 7 km and the
variation in mean depth of causative sources can also be
interpreted in terms of sediment thickness. From this study
it is found that the sediment thickness is low in western part
of the profile upto 94.5 km distance and it increases towards
east upto 133 km from starting point of the profile. The
wavelet transform is also able to demarcate the boundary
between Cuddapah Basin and EGMB at 130.73 km where a

Table1: Location and mean depth of causative sources calculated
as in Figure 3.

Location x (km) Mean depth (km)

20.5 2.5
28.5 4
54 1
71 2
80.5 3
94.5 3.5
110.5 6
117.5 6
131 16.5
142.5 7
158 6.5
176 4

gouge like structure of mean depth 26 km is inferred. Thus,
the information interpreted by WT technique can efficiently
constrain our initial model without any a priori information
for further detailed interpretation schemes.
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