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ABSTRACT : A very important Geophysical subject, Potential methods (Gravimetric, Magnetic, etc.) has enormous applications
and can play a very decisive role in guiding the exploration activities in a basin. To start with any exploration activity in any basin,
one must know the tectonic set-up and the sedimentary thickness in the basin. In general, most of the sedimentary strata in the
subsurface follow the trends, which were existing at the basement level. If the basement topography can be mapped faithfully, it
will be very good beginning to start with further exploration activities in the basin. with the advent of digital computers, the point
to point information of the subsurface can be inferred by quantitative interpretation of gravity-magnetic anomalies. Apart from
providing structural and tectonic information, the methods may be used to delineate the zones of porosity (or mass deficiency),
zones of likely occurrence of hydrocarbons within the sediments and even in reservoir management also they may be of some help.
Although no specific research work in the present paper, a comprehensive account of the efficacy of these techniques is provided
and an  effort has been made to draw the attention of Geophysical community to use these methods as a part of routine
interpretation.

 INTRODUCTION

A very important Geophysical subject, Potential
methods (Gravimetric, Magnetic, etc.) has enormous
applications and can play a very decisive role in guiding the
exploration activities for hydrocarbons in a basin. It is true
that no Geophysical method can challenge the capabilities of
seismic methods; it is also true that the information which
potential methods can provide at highly economic costs,
seismic cannot. In trap covered areas and seismically
inaccessible areas, only these methods can provide some useful
information. To start with any exploration activity in any basin,
one must know the tectonic set-up and the sedimentary
thickness in the basin. In general, most of the sedimentary
strata in the subsurface follow the trends which were existing
at the basement level. If the basement topography can be
mapped faithfully, it will be very good beginning to start with
further exploration activities in the basin.  Further, knowing
the tectonic set-up of the basin is as important as the
knowledge of the depositional mechanism in a sedimentary
basin and generation and accumulation of Hydrocarbons in
the reservoir. Everybody in the exploration business is aware
of the fact that Gravity-Magnetic methods are capable of
providing sufficient knowledge about the basin configuration
and tectonic set-up of the basin and, that too, at very economic
prices. Gone are the days when these methods were limited to
identifying major structural trends and locating highs, lows,
and faults qualitatively from gravity or magnetic contour maps.
Technology has progressed to very advanced stage. Further,
with the advent of digital computers, the point to point
information of the subsurface can be inferred by quantitative
interpretation of gravity-magnetic anomalies. In this paper, an

attempt has been made to offer a holistic view of the use of
these methods and to draw the attention of Geophysical
community to reintroduce them as a part of routine
interpretation. Findings of these methods may sharpen the
seismic interpretation and a more reliable picture of the basin
may be depicted. In this paper some of the case histories and
gravity-magnetic data interpretation (Quantitative only)
techniques have been briefed. All over the world, a lot of work
has been done in gravity-magnetic field only with very little
work in other potential methods. As such  only applications
of Gravity-Magnetic methods has been described in this
article. Apart from providing structural and tectonic
information, the methods may be used to delineate the zones
of porosity (or mass deficiency), zones of likely occurrence of
hydrocarbons within the sediments and even in reservoir
management also they may be of some help. In the recent
past, with the introduction of Interactive Interpretation Work
Stations for Gravity-Magnetic data, more precise information
may be inferred from these data.

SPECTRUM ANALYSIS

In this technique, the Fourier spectrum is computed,
i.e. f(x) representation of anomalies is converted into F(w)
representation by means of Fourier Transform where f(x) are
the anomalies and F(w) is their Fourier Transform ;

F(W)= ƒ f(x).e**(-iωx).dx,  or F(W) =A(ω).e**(Φ(ω)), ω
being the angular frequency. A graph of A(ω) vs. ω is
generated. Here A(ω) is amplitude spectrum and Φ(ω) is phase
spectrum. The care is taken while digitizing the data at regular
intervals to avoid the spatial aliasing of frequencies just like
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the seismic data sampling. The amplitude is plotted against ω
and a graph is generated by means of graphic software. The
best fitted slop of this graph, gives the average depth to the
causative (Fig. 1). The program works well when depths are
uncorrelatable, i.e., for random distribution of densities.  The
depth so obtained are the function of  window length of
spectrum or the profile length, the min. depth that can be
determined from this technique is 2*∆x,  where ∆x  is sampling
interval , i.e., for deeper targets go for coarser interval and for

shallow targets go for closer sampling interval. The thumb
rule for selecting the optimum profile length in gravity is that
L=5 to 7 *D, where L is profile length, D is tentative depth to
the expected  causative. In case of magnetic data L=3 to 5*D.
The causative in case of gravity could be anything from grass
root to the mho and in case of magnetic, in most of the cases
basement only, since sediments are nonmagnetic in nature
and at very large depths rocks cannot hold magnetism since
at such larger depths temperature may exceed curie point.
This is very useful technique for quick computation of tentative
depths in a basin. In many Indian basins, the technique has
provided depths with a reliable approximation. The limitation
of the technique is that it provides only the tentative depths
which should not be used as final depths. But it provides very
well first hand depth information for selecting a priori  model
for iterative forward modeling of data.

INVERSION OF GRAVITY ANOMALIES

Based on the technique of  BNP Agarwal & RN Singh,
this author has developed software for point to point
computation of sedimentary thickness in a basin (TP Singh,
1997) through inversion technique by assuming the basin a
homogeneous semi ellipsoidal cylinder (Pederson, 1977 and
Rao et al, 1986). In offshore gravity surveys, the data
acquisition and processing is very fast and huge volume of
data can be collected in a short span of time. To keep pace
with the rapid collection of gravity data, the interpretation has
to be very fast and effective. Here inversion of data to estimate
the sedimentary column in a basin can be of much help for
planning  further exploration strategies in the basin. This
software can meet this goal. The basement topography can
be delineated along the 2-D profiles and a generalized
basement configuration map can be prepared. By studying
this map, detailed seismic surveys can be planned in the basin
over some interesting / prospective zones. The main problem
in gravity interpretation is the fixing of regional, i.e., Regional-
Residual separation. This problem is tackled by doing harmonic
analysis of total observed data. Usually the first harmonic
represents the regional trend at Moho level and 2nd or 3rd
order harmonic is taken as regional trend at basement level.
This inversion software requires residual anomalies and the
density contrast at basement level as the input and the output
comes in the form of a graph showing the sedimentary column
along the 2-D profile (Fig. 2). This technique is ideally suited
for areas of very  large areal  extents like offshore surveys and
aero gravity surveys. Larger  the area, better will be the results
since more reliable will be the regional fixing.Figure 1:  (source : Singh T.P. et al, 1991 )
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DOWNWARD CONTINUATION OF MAGNETIC DATA

A. Roy in 1962 gave a theory that if the potential
data is continued downward, the magnitude of anomalies
increases with depth, the troughs and peaks on the anomaly
plot become sharper but no extra peak or trough is created as
long as the level of continuation is above the causative source.
Appearance of extra peaks is an indication of the fact that the
anomaly has been downward continued unto the source.  The
moment you cross the magnetic body in the subsurface,
violent oscillations take place in the magnitude curve. The
depth at which this happens will be the depth to the magnetic
causative which may be basement, igneous intrusive or
indication of shallow magnetism within the sediments. Based
on A. Roy’s principle, Dr. S. K. Laskar developed software for
computation of point to point depth to the magnetic causative
from magnetic data. The software was later on upgraded by
this author. In this technique, the total field magnetic anomalies
are downward continued at a fixed location along the profile
at regular depth increments and the intensity of the field is
calculated at each depth point and a graph is generated. The
first point of inflexion( positive side only), is considered as
the depth to the magnetic body. This exercise is done at
several horizontal locations along the profile. By joining these
depth points, a generalized magnetic topographic section is
prepared( Fig. 3). To infer the information about the shallow
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magnetism within the sediments, downward continuation is
performed on the higher order harmonics( say 2nd, 3rd or 4th ) of
the data. The capabilities of this technique are immense.  It
may provide the information about the subtrapean features(if
any) and the shallow magnetism within the sediments. Usually,
the sediments are nonmagnetic in nature. But if there had been
some hydrocarbon seepage during the weathering and erosion
cycle of igneous rocks, it can hold some magnetism within the
sediments. So the presence of magnetism within the sediments
is an indication of presence of some Hydrocarbon pool around
that zone. This technique can map the zones of shallow
magnetism. These shallow magnetic zones are easily
distinguished from the intrusive bodies which have anomalies
of very high magnitude. This technique is similar to the imaging
techniques in seismic.

Figure 2: Geological model along a Gravity profile in East coast of
India ( source : Mehra, G. et al, 1987)

Figure 3: Depth to shallow magnetic sediments and basement along
a profile in Nagaland  (India) through downward
continuation of observed magnetic data ( source: Laskar,
S.K. 1991)
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WERNER DECONVOLUTION OF MAGNETIC DATA

In seismic, the recorded trace is the convolved
product of reflectivity series and the wavelet. And wavelet is
nothing but the earth response to the signal spike. In seismic
deconvolution, we try to recover the reflectivity series by
designing a filter which is nothing but the inverse of the
wavelet. Similarly, the magnetic observations we record at the
surface are the convolved product of series of thin vertical
dykes and the wavelet which is nothing but the  magnetic
response of a thin vertical dyke. It can be represented as:

χ(x,z)= ƒƒ(α[(x-m),(z-n)]*β(m,n)dmdn

Where, χ = observed magnetic field,
α = spatial impulse response of a thin vertical dyke
β = distribution function

Here α and χ are known and β is to be computed by
deconvolution technique. The technique assumed basement
to be made up of a series of thin vertical dykes of infinite strike
lengths. Werner performed deconvolution on magnetic data
to extract the series of thin vertical dykes by designing an
inverse filter of dyke response. Here also the inversion results
depend on the length and prediction gap of the Werner Decon.
Operator. In this technique, the window comprising of 7
equidistant operators sweeps along a 2-D profile at a
predefined steps or gaps. Wherever, it encounters some
causative, it marks its location in (x,z) plane. Similar exercise is
done on horizontal component of total field also and the
boundary of susceptibility contrast is demarcated. By joining
all these subsurface points, the generalized magnetic basement
topographic cross section is generated along the 2-D profile
(Fig. 4). This is a very powerful tool to handle huge volume of
magnetic data. It gives direct depths to the magnetic
causative(most likely basement) without prior knowledge
about the strike, inclination and susceptibility of the magnetic
body. To keep pace with rapid data acquisition and processing
over large arial extents like aeromagnetic surveys and offshore
surveys, the interpretation also has to be very fast and efficient
to plan further exploration strategies in the area. This technique
could be the right choice.

FORWARD MODELLING OF GRAVITY-MAGNETIC DATA

This is the ultimate test for the geological models
prepared from potential data inversion. Here the response of a
known geometrical body is calculated and compared with the
observed anomalies(residual). Based on a technique similar
to that of Manik Talwani, software is available  to compute the

potential response of bodies of any arbitrary shape. The
difference between the observed and computed anomalies  is
minimized by an iterative process where the shape of the body
is altered in each iteration. Ultimately the generalized
sedimentary column is depicted whose potential response
match very closely with the observed anomalies. For a single
layer case, the density/ susceptibility contrast at basement
level is required as input along with the shape of the first
guess model. In virgin areas, the first guess model is taken
with the help of inversion techniques like spectrum analysis,
Werner deconvolution, downward continuation and gravity
inversion. This first guess model so obtained is refined through
iterative forward modeling technique( Fig. 5 & 6). The technique
can be applied to multilayer cases also but in such cases, the
information is required from well data, seismic and core
samples. In such cases, the density/ susceptibility contrast at
every layer is required. It being the dual nature of magnetic
field, in case of magnetic data one more physical input, i.e.,
inclination of the field is also required. In case of forward
modeling of Magnetic data, the iterative process becomes
very complicated particularly in mid- magnetic latitude areas
since the response can be changed by changing either the
shape of the model or the inclination of the field or both.
Variation of magnetic field with inclination is given in Fig. 7.
These charts help a lot in forward magnetic modeling. Special
care is taken if the intrusive bodies or the paleomagnetic
features are encountered, accordingly the physical parameters
like density, susceptibility or inclination are selected carefully.
The geological cross sections so obtained at basement level
are plotted on a map and a sedimentary thickness map be
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Figure 4: (source : Singh, T.P. et al , 1991 )
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by means of a technique in which data is filtered successively
(Fig. 8). If the feature exists in the subsurface, it will be
encountered in every filtering stage. Limitation of this
technique is that it cannot delineate very thin and deep seated
features. The technique has successfully delineated pinch-
out stratigraphic features in Jaisalmer basin of India from high
precision gravity data. The features so picked-up may be
further  confirmed from seismic data by carrying out spectral
analysis over these time windows. The spectrum should
indicate rapid attenuation of high frequencies within such
zones. At the time of final interpretation of seismic data, these
zones need special attention.

RECENT DEVELOPMENTS AND THE FUTURE

Recently some interactive interpretation work
stations have come up to sharpen the Gravity-Magnetic data
interpretation. Like seismic where the work stations have
changed the whole philosophy of interpretation, the Gravity-
Magnetic work stations can do wonders to interpretation.
Need of the hour is to expose the Geophysicists to these work
stations through various training programs.

In future, 4-D gravity survey over a proven basin
may help reservoir management also. There is one physical
parameter, i.e., mass which can be determined without any
ambiguity. Change of mass over a certain time period should
be reflected in the change in gravity anomalies. This change
of gravity anomalies may be linked to the rate of fluid flow and
pressure changes in the reservoir. At the moment, this concept
is in preliminary stages only. In future the technology may be
developed to study the reservoir parameters. This needs some
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Figure 5: Geological model along Profile AN-371 through forward
gravity modeling  (source : Singh T.P. et al 1991)

Figure 6: Variation of magnetic field with its inclination ( source :
Mehra, G. et al 1990)

prepared. This map is the primary input for the explorationist
to decide further course of action in the area.

DELINEATION OF ZONES OF MASS DEFICIENCY/
POROSITY

 From high precision gravity data acquired at very
close intervals, it is possible to some extent to delineate the
zones of mass deficiency. This mass deficiency could be due
to possible development of porosity  in that zone.  It is done

Figure 7: Geological model through forward magnetic modeling in
NE region of India (source : Mehra, G. et al 1990)
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initiative from senior management of oil industry and a team
of geophysicists may be deputed to work on such projects .

The usefulness of the subject lies right before the
discovery of the field to the end of the field, apart from the fact
that the cost of potential studies is a miniscule fraction as
compared to cost intensive seismic methods. There is no risk
involved in incorporating the gravity-magnetic studies along
with the seismic and geological studies in a basin.

CASE HISTORIES

1. Aeromagnetic data interpretation in NE region of India.
(source: Mehra,G. , Singh, T.P. , Pal, M. , Laskar, S.K. , 1990)

North-Eastern part of India, i.e., Tripura, Mizoram,
Manipur & Cachar is a part of Assam-Arakan Geological
province and is avowed for Hydrocarbon exploration. The
terrain of the area is highly difficult that makes job of carrying
out seismic surveys in the area very difficult. To overcome
these operational constraints, Aeromagnetic survey was
suggested in this area. The Aeromagnetic survey in this area

was carried out by ONGC in collaboration with Geological
Survey of India with the objective of finding out  basement
configuration, composition and the relevance of basement
tectonics on the overlying sediments. Some of the findings of
the interpretation of this data using spectral analysis, Werner
deconvolution, downward continuation and forward modeling
techniques are given below :

- A generalized basement configuration map of the area
had been prepared ( Fig. 9). The basement map exhibits
maximum sedimentary thickness of 14 Km. in Mizoram
and thinning of sediments towards east, north and north-
west.

- Two interesting features of exploration interest have been
identified ; (a) an east-west trending belt associated with
basement arch across Tripura and Mizoram , (b) a zone
situated south of Lumbding in Halflong-Disang thrust
area having Intrabasement basic “ BOSS “ type feature.

- Abnormal concentration of Magnetites within sediments
through the area in general  and around Khubal Anticline
in particular (Tripura).

- Indian plate is suggested to be underthrusting along a
line East of Imphal (Manipur).

- The concept of thin skin tectonics is suggested to be
valid for the area.

Figure 8: (source : Laskar, S.K.,1991)

Figure 9: Generalized Basement Configuration Map of N.E. Region
of India (Source : Mehra, G. et al 1990)
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2. Gravity-Magnetic data interpretation in Andaman
offshore.
(Source: Singh, T.P. , Pal, M., Mehra, G., Laskar, S.K., 1991)

Following are the results in brief of the Gravity –
Magnetic data interpretation of a part of Andaman
offshore(India) basin which is a part of Andaman Nicobar
Island Arch system and is associated with converging plate
boundary.

- Basement configuration map ( Fig. 10) of the area had
been prepared. The map shows that the basement is
trending in North-South direction and is dipping
gradually towards East, South & South-East. The
basement is 4- 9 Km. deep.

- An interesting basement high feature had been identified
in the continental shelf( NNE of Henry Lowrence Island).

The Neogenes are thin over this feature and the area is
free from shale diapers.

- Gravity analysis shows change of basement character
(density 2.95 gm/cc) towards Eastern margin of the basin
(Fig. 7).

- Magnetic data analysis shows presence of shallow
magnetism within the sediments in scattered form at
various places. There is no indication of shallow volcanic
intrusive.

- Zones of unconsolidated sediments( density 1.8 gm/cc)
identified in the middle and southern parts of the basin.

CONCLUSION

After careful study of these case histories, it may be
concluded that GM prospecting methods have enormous
potential to be exploited. If some systematic exploration
planning is to be done in an area, order of GM studies comes
first. Taking lead from gravity-magnetic investigations, further
detailed exploration activities may be decided more effectively.
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