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The total magnetic intensity anomaly (TMI) map of the Proterozoic intracratonic Cuddapah basin shows
the presence of a prominent high–low–high anomaly of about 600 nT amplitude at its southern end. The
source of this anomaly is inferred to be a maBc intrusive body due to a thermal plume that might have
initiated the basin evolution. Though some quantitative studies have been carried out over this anomaly,
the magnetic body remains ambiguous as only a part of this anomaly was modelled along the E–W
direction. In present study, we model this anomaly by a 2.5D algorithm and analytical signal of the
vertical integral (ASVI) of the TMI approach. A near circular outline of the causative body has been
delineated by the analysis of ASVI, which also revealed three characteristic zones of the near surface
irregularities. The 2.5D modelling along a SW–NE proBle across the anomaly yielded the main body of
about 10 km wide top at 3.5 km depth and 40 km wide at 25 km depth. The Curie temperature depth in
this region is 30–40 km and this allows the source to be magnetic at this depth. It is inferred from both
ASVI and modelling that the main body is bifurcated into two in its south-western part between Parnapalle and Muddanuru while it attains a lopolithic shape over the remaining part. Existing regional
aeromagnetic data elucidates shape of the maBc intrusive both laterally and vertically.
Keywords. Total magnetic intensity anomaly; maBc intrusion; 2.5D modelling; Cuddapah basin.

1. Introduction
The crescent shaped Cuddapah basin, covering an
area of about 44,000 km2, is a major Proterozoic
basin in the southern peninsular Indian shield. It is
surrounded by the Archaean granites, peninsular
gneisses and Greenstone belts. The basin is Blled
with 6 km thick pile of the Cuddapah and Kurnool
Group of sediments. It is an amalgamation of Bve
sub-basins which are tectonically subdivided. The
geological map of the Cuddapah and its
surrounding region is shown in Bgure 1. Four
sub-basins namely Papaghni sub-basin in the

south-western corner, Kurnool sub-basin in the northeast, Srisailam sub-basin in the north, Palnad subbasin in the north-easternmost corner are bounded
by the Nallamalai sub-basin along their eastern
margins. Several workers (King 1872; Narayanswami 1966; Murthy et al. 1979; Nagaraja Rao
et al. 1987) elaborately worked on the stratigraphy,
structure and tectonics of the basin. Cuddapah
Basin witnessed six episodes of intense igneous
activity resulting in a number of dyke swarms and
sills between 2400 and 2000 Ma. Igneous activity
played a vital role in basin evolution. Present study
area covers the south-western part of the basin.
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Figure 1. Geological map of the Cuddapah basin and its
surroundings (Mohanty 2011).

CSIR-NGRI, in collaboration with Geological
Survey of India, conducted aeromagnetic surveys
during 1980–1982 over parts of the Cuddapah
basin and adjoining basement complex. Total
magnetic intensity data were acquired along N–S
oriented Cight lines with Cight line spacing of 1 km
and nominal Cight height of 150 m above ground
surface. These data (Bgure 2) have clearly demarcated the basin boundary with the exposed basement complex to the west of the basin showing high
frequency long linear anomalies due to shear/fracture/fault and dyke patterns and the basin characterised by long wavelength magnetic anomalies.
Several papers have been published on the qualitative and quantitative interpretation of the aeromagnetic data contributing to the improved
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understanding of the structure and tectonics of the
basin (Babu Rao 1991; Prasanti Lakshmi and Ram
Babu 2002; Rama Rao et al. 2007, 2011).
Evaluation of the basement depth from aeromagnetic data is one of the prime uses of the data.
Most of the methods suggested for estimating the
depth to the basement from magnetic data (Peters
1949; Vacquier et al. 1951; Steenland 1965; Grant
and West 1965; Bhattacharyya 1965; Hartman
et al. 1971) are based on the analysis of individual
and isolated magnetic anomalies. In a thick sedimentary basin, the number of individual anomalies
that are suitable for depth estimation is very limited to provide a reliable basement depth map. A
high–low combination anomaly in the south-western corner of the basin, a high over Muddanuru, a
regional NW–SE elongated high to the east of
Koilkuntla and a circular magnetic high near
Yadiki are such prominent anomalies in the part of
the Cuddapah basin within the present study area.
However, such individual anomalies provide point
depths which are meagre to map the continuous
basement picture and many times act as a hindrance to model the basement unless the
nature/geometry of the source is properly understood. One of such anomalies, a TMI high–low
anomaly in the south-western part of the basin is
considered for present work. This anomaly is
associated with a huge oval shaped Bouguer gravity anomaly high of 55 mGal amplitude. The source
of this anomaly is believed to be responsible for the
initiation of the basin and large-scale intrusive
activity in and around the Cuddapah basin, and
is also related to 1.1 Ga kimberlitic activity
surrounding the basin (Mall et al. 2008).
2. Significance of the anomaly
Positive rise in the Bouguer gravity anomaly
values in the south-western region of the Cuddapah basin extends in NW–SE direction covering
more area than that of the bipolar magnetic
anomaly (high to the south and low to the north).
Balakrishna et al. (1967) opined from the analysis
of the Bouguer anomaly and its second derivative
maps that the rectangular shaped outline of the
source body of this anomaly is followed by surface
exposure of sills. They also inferred upliftment of
the source body both pre-sedimentary episode and
during the early upper Cuddapah times based on
(a) the presence of sills following three sides of the
rectangular block, (b) trends of major faults
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Figure 2. TMI anomaly map of the study area.

parallel to the northern and southern boundaries
of the rectangular block, and (c) similar trends of
some basic dykes outside the basin. This upliftment and movements might have resulted in the
intrusion of the maBc material around the block.
They also modelled the ground magnetic traverse
with three deep-seated vertical sided prisms (of
inBnite depth extent with different directions of
magnetisation) that acted like a feeder to the
dykes and sills in the surrounding region. However, these proBles were far away from the extent
of the TMI anomalies later identiBed in the airborne survey.
Krishna Brahmam et al. (1986) inferred that a
high-density, high-velocity maBc body is responsible for this anomaly through interpretation of a
DSS proBle running across the basin in the southern part. Ram Babu (1993) through his work on
computing basement depth from Bouguer anomalies, showed the regional residual separation in a
graphical way over the entire basin. When

removing the regional component to obtain the
residual anomaly due to basement, a greater care
has to be taken in removing the anomaly occupying
almost the Papaghni sub-basin. In regional residual
separation to compute the basement conBguration,
anomalies due to basic bodies and other deeper
features were removed through graphical technique. Whereas, magnetic anomalies due to the
same basic bodies are considered as sources for
computing basement depths.
Correlation and comparison between gravity and
magnetic anomalies, possible reasons for dissimilarities in areal extent/source nature of the
anomalies are discussed widely by Mishra and
Tiwari (1995). They surmised that a part of the
source responsible for gravity high, is nonmagnetic
in nature. They inferred an asymmetrical basic
lopolith as the source of the gravity high and corresponding magnetic low aligned over the gravity
high through modelling of Bouguer gravity and
TMI anomaly along a proBle.
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This proBle (shown in Bgure 2) was taken over
the Kavali–Udipi DSS proBle running in E–W
direction across the Cuddapah basin. The shouldering highs in TMI anomaly were not considered
as part of the anomaly due to the same source.
Therefore, a good match between the observed and
calculated anomalies over the shouldering highs on
either side of the magnetic low was not aimed in
their model. Moreover, the platform and the density of measurements for both the datasets is not
same. We tried to focus on the magnetic anomaly
itself for the modelling and suggest another possible approach (ASVI) in interpreting the source
body and thereby tried to obtain the basin conBguration from the magnetic anomaly alone.
Chatterjee and Battacharji (2001) opined that a
deep mantle perturbation, marked by a lopolith
cupola-like intrusion under the south-western part
of the basin, played a vital role in initiation of the
basin and also in its evolution and development.
Naganjaneyulu and Harinarayan (2004) inferred a
very high conductive (\100 Xm) feature below the
south-western part of the basin through the
inversion of MT data. They attributed this anomaly to the high ultrabasic nature of the source. Mall
et al. (2008) from the velocity model of the DSS
proBle inferred high-density, high-velocity layer.
Based on its size, shape, depth extent and structural disposition, they concluded it as a mantle
upwelling (Bgure 3) due to tectonothermal activity
of a plume. Studies by Pandey et al. (2018) through
2-D modelling of the crustal structure from seismic
data inferred high-velocity layers probably

Figure 3. Velocity model derived from 2-D modelling of DSS
proBle suggesting upwarp of high-density, high-velocity layers
(Mall et al. 2008).
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representing underplating below a thin crust in this
region.

3. Methodology followed in resolving
the ambiguity
The shape of the magnetic anomalies varies
depending on the magnetic inclination of the
location of the source because of the vector nature
of the magnetic Beld. A source with a positive
susceptibility contrast produces a low at the
equator, a high at the poles and a combination of
high–low at intermediate latitudes. If the source
has remanent magnetization, the shape of the
anomaly is not predictable. Reduced to the Pole
(RTP) is the procedure to transform the anomalies
at low latitudes as if the source bodies are located
at the pole (Grant and Dodds 1972).
LðhÞ ¼

1
½SinðI Þ þ iCosðI ÞCosðD  hÞ2

;

ð1Þ

where h is the wavenumber direction, I is the
magnetic inclination and D is the magnetic
declination.
This equation has no solution when ‘I’ approaches ‘0’, this causes artiBcial north-south features.
These are usually removed by using an amplitude
correction factor.
The RTP anomaly over the study area is shown
in Bgure 4. In RTP image, a high (paralleling the
boundary of the basin) is placed over the gradient
of the high–low pair of the TMI anomaly and to its
northeast is a big regional low. When compared to
observed anomalies in Bgure 2, in RTP map
(Bgure 4) the anomalies appears to be reverted. In
other words, the high–low–high (HLH) anomaly in
observed map is transformed as LHL with slight
variations in magnitudes and extensions. There is a
NE–SW break in the anomaly near Vempalle and
anomaly source seems to be dislocated along this
break recognized as the Papaghni fault (fault
shown in Bgure 2). RTP procedure does not take
care of the component of the anomaly that is due to
the remanence as the resultant magnetization
direction cannot be split into induced and remanent components. In such cases, it is not possible to
locate the anomaly over the source (MacLeod et al.
1992).
To overcome these ambiguities, Nabighian
(1972, 1984) and Roest et al. (1992) developed a
technique called analytical signal, which is given as
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Figure 4. RTP anomaly map of the study area.
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where jAðx; yÞj is the amplitude of the analytic
signal at (x,y) and T is the observed magnetic Beld
at (x,y).
In this process, gradients of the total magnetic Beld
in three orthogonal directions are considered, thus
cancelling out the directional component. Analytical
signal is independent of direction of magnetisation,
i.e., independent of both magnetic latitude and
remanence. The analytical signal produces maxima
over the contacts of the magnetic body. Analytical
signal represents amplitude of magnetisation or
strength of anomalous signal (shown in Bgure 5).
In Bgure 5, edges of the sources associated with
the high frequency high amplitude anomalies have
been prominently located by analytical amplitude
maxima. Whereas, the analytical signal maxima

over long wavelength anomalies are either very
feeble or absent and failing to locate the sources of
regional anomalies of interest. To overcome this
problem in highlighting the sources of anomalies of
regional nature, MacLeod et al. (1993) recommended to consider vertical integral of TMI data
for computing analytical signal. This transformation is termed as analytical signal of vertical integral of TMI anomaly (ASVI). In this process, long
wavelength anomalies are ampliBed enough and
the analytical signal amplitude maxima are placed
directly over the anomaly source. The ASVI image
is shown in Bgure 6. Amplitude of ASVI represents
apparent degree of magnetisation of the source
rocks directly located over the source accurately.
ASVI has remarkably placed a regional circular
high over the HLH anomaly with local variations
in intensity deciphering shallow (near surface)
features of interest.
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Figure 5. Analytical signal map of the study area.

4. Inversion of TMI anomaly using a prism
model
HLH TMI anomaly is considered for analysis
through inversion to cross check whether this
anomaly can be produced due to a single three
dimensional source. For this purpose, MAGMOD
modelling software developed by PGW (1982) is
used. It is a program for direct interpretation (inversion) of discrete anomalies. The user provides a
Beld proBle and selects one of a number of available
geometric models as its possible geological source.
Starting values of various parameters of the model
body provided by the user are employed in the
computation of theoretical anomaly proBle for that
body, which is then compared by a least-squares
method with the Beld proBle. The method of
Marquardt (1963) is then used to adjust the body
parameters so that subsequent iterations converge
as rapidly as possible to give the body parameters

which would best account for the observed
anomaly.
From the known anomaly shapes due to three
dimensional bodies, we generally Bnd horizontal
cylinder and sphere models to possess HLH
anomalies near or close to equator. Among these,
spherical model seems to be the best possible
approximation of the source geometry, as evidenced from ASVI in the present study. Because of
the non-availability of the sphere model in MAGMOD code, prism model is considered for inversion
of HLH TMI anomaly. The original line data is
gridded with sufBciently large grid cell size so as to
retain the amplitude and wavelength characteristics of high–low–high anomaly by removing the
high frequency anomalies due to several dykes, sills
and fracture/fault patterns. This anomaly is shown
in Bgure 7(a). Calculated anomaly is shown in
Bgure 7(b). Though the Bt is not good, a fairly
reasonable body is highlighted in the resultant
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Figure 6. ASVI map of the study area.

ASVI for an eAective inclination of 22° and
declination of 30°, for a prism with width of 33 km,
length of 46 km, susceptibility of 0.06 SI units and
dip of 315°. The minimum discrepancy between the
observed and calculated can be justiBed to be due
to irregularities in the top surface of the model
and/or due to deviation in overall uneven shape of
the source from that of the prism. From these
observations, we conBrm that the HLH combination of TMI anomaly constitutes an anomaly of a
single source. ASVI calculated for both measured
and computed TMI are shown in Bgure 7(c and d),
respectively. A good correspondence between ASVI
of both observed and calculated anomalies is
noticed but for the minor irregularities, as expected
due to realistic uneven source geometry. For more
clarity, forward model for a sphere located at the
equator with a susceptibility of 0.02 SI units, with
radius of 2 distance units at a depth of 3 units, with
dip of 315° is shown in Bgure 7(e). ASVI for
the same is shown in Bgure 7(f). These Bgures

noticeably support the approximation of source
geometry to a sphere.

5. 2.5D modelling of aeromagnetic data
Our basic aim of modelling the anomaly is for
mapping of the maBc body as realistic as possible,
in view of the fact that it plays a role in modelling
the basement conBguration reasonably accurate.
Only point depths were given in literature (Babu
Rao 1995) for the NW trending bipolar anomaly.
Now in present work, a NE–SW trending proBle
(shown in Bgure 2) of 100 km length across the
anomaly is chosen considering the maximum
amplitudes and widths of highs and low of the HLH
anomaly. This anomaly can be Btted by different
geological models without a priori control/knowledge about the body. With the understanding
reached by our methodology in resolving the
ambiguity, we tried to model the anomaly taking
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Figure 7. (a) Observed TMI anomaly over HLH anomaly, (b) Computed TMI anomaly for prism model through inversion,
(c) ASVI over observed, (d) ASVI over calculated, (e) Synthetic anomaly of a sphere and its (f) ASVI.
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ASVI and other constraints from previous works.
2.5D modelling is carried out using GM-SYS
(GEOSOFT Oasis Montaz 2004) package, an
interactive computer programming software, the
magnetic response is computed based on the algorithms of Talwani et al. (1959), Talwani and
Heirtzler (1964), and Won and Bevis (1987) using
an inBnitely long prismatic body. Shuey and
Pasqulae (1973) later developed 2.5D proBle modelling with a Bnite strike length using 2D algorithm
of Cady (1977, 1980).
The resultant model is shown in Bgure 8. A feeble magnetic susceptibility of 0.000025 SI units is
assigned to the sediments of the Cuddapah basin.
Susceptibility of 0.013 SI units is used for the
basement crystallines beneath the sediments.
Slightly higher susceptibility of 0.02 SI units is
utilised from approximately a depth of 15 km down
differentiating the middle crust from the

immediate basement below the sediments. The
source of the HLH anomaly is considered maBc
with a susceptibility of 0.05 SI units. The susceptibility values used for modelling were adopted
from Telford et al. (1990), Lowrie (2007) and
Reynolds (2011). Remanence magnetisation of
3 A/m, with a direction of inclination of +6° and
declination of 100°, that are close to the laboratory
measurements of magnetization properties of sills
(within south-western part of Cuddapah basin),
are used (Clark 1982) for the maBc body.
The Btted maBc body has a shape of cupola on its
top at a depth of approximately 3 km and the main
mass has a branching towards southwest (to the
left on the proBle). This branching coincides with
the body mapped in ASVI, paralleling basin margin and it is as shallow as 2 km deep from the
surface. It is clear from the ASVI that there is a
dense cluster of maBc sources on exposed

Figure 8. 2.5D model along the proBle A–A0 .
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Figure 9. 2.5D model superposed over ASVI image.

basement. These are identiBed as Gutturu dyke
swarm (Babu Rao 1995). NW–SE extension of this
body within the basin just along the basin margin
is clearly seen as the shallowest part of the source
close to surface near Parnapalle in the Bnal velocity
model inferred by Mall et al. (2008) (Bgure 3).
They suggested upwarping of high density high
velocity layers as shallow as 0.4 km from surface
and as thick as 15–20 km. On close observation, it
is noticed that there are two peaks in the layer 3 in
Bgure 3 within a distance of 40 km. The main mass
of the maBc intrusive between 35 and 70 km distance on our proBle is correlated/inferred as the
bigger central core unit of the primary maBc body
that extends up to a depth of 25 km. So it can be
understood that both the models are in good corroboration. A small vent, through which a maBc
intrusive could come through, can be shown at this
depth but avoided as it has no contribution in
anomaly. According to Curie temperature eAect, a
depth of 25–30 km may seem very high for a
magnetic source to produce anomaly. But several
researchers worked on computation of Curie

temperatures (depths) based on several methods
such as thermal modelling (Singh and Negi 1982;
Ramana and Thiagarajan 1999) aeromagnetic and
satellite magnetic data modelling (Anand and
Rajaram 2007; Rajaram et al. 2009) and given a
Curie temperature depth ranging between 30 and
40 km in this region. So the depth obtained for the
model is in permissible limits.
Further south of the proBle (as we approach DSS
proBle), the gap between thin body in the west and
the main mass in the east, decreases attaining an
expanded ‘V’ shape (lopolithic) very much similar
to the model given by Mishra and Tiwari (1995),
Mishra (2011), and Mishra and Ravi Kumar
(2014). Gravity model showed a top depth of 2 and
8 km to the centre of symmetrical lopolith (‘V’
shape) over a width of nearly 70 km with an overall
depth extent of 18 km.
The modelled cross section is shown over the
ASVI image in Bgure 9. This Bgure gives a better
perception of the modelled cross section as envisaged by ASVI and helps further in visualising the
three dimensional source geometry.
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Two basement troughs and ridges in the modelled basement conBguration typify the basin
structure along the proBle AA0 . Basement low of
around 3 km deep (at the proBle distance of 30 km)
is coinciding with the Papaghni sub-basin. The
second trough is the deepest one with a basement
depth of approximately 6 km and can be associated
with the southern part of the Kurnool sub-basin.
The basin ridge at 90 km distance in the model
might represent the domal upwarp in the central
part of the basin (Chatterjee and Battacharji
2001).

the reactivation of NE–SW and NW–SE trending
lineaments controlling the emplacement of several
cross cutting dykes during 1400–1200 Ma. NW–SE
fault controlling feature ‘A’ could be a pre-existing
fault near the basin prior to the basin initiation
that acted as a conduit for emplacement of basaltic
material to the near surface levels (2.5D model in
Bgure 8) and also might have acted as a feeder to
the existing sills in this region due to its reactivation/upliftment. 2.5D modelling guided by ASVI
aided in deciphering the source geometry of lopolithic body and basement conBguration along a
NE–SW trending proBle across the study area.

6. Results and discussion
7. Conclusions
The high–low–high TMI anomaly in the southwestern part of the Cuddapah basin is comprehensively studied by resolving the ambiguities in
the interpretation of TMI anomalies at low magnetic latitudes. As the density of the aeromagnetic
data is more when compared to other geophysical
datasets, more detailed mapping of the source
geometry is made possible from our work through
both qualitative and quantitative analysis of the
aeromagnetic data over this region. ASVI transform very eAectively deciphered a regional circular
high depicting the lopolithic cupola intrusion,
hypothesized over decades and interpreted by
various other geophysical methods. This result is
veriBed by inverting the TMI data using a prism
model. EAective utilisation of the existing regional
aeromagnetic data helped in adding new dimensions in understanding the lopolithic intrusion.
The near circular high is manifesting three
prominent regions of differentiable characteristics.
Feature ‘A’ is the local linear high extending in
NW–SE direction from Parnapalle to the north of
Jammalamadugu, almost paralleling the basin
margin inside the basin (marked in Bgure 6). Feature ‘B’ is the major segment encircled between
Parnapalle, Muddanuru, Kamalapuram, Vempalle.
Covering a large areal extent, more uniform in
amplitude, this segment could be representing the
main core region of cupola-lopolith like structure.
Feature ‘C’ is the minor segment representing a
part of the circular core feature that has been
controlled by Papaghni fault in NE–SW direction.
This feature exhibits comparatively low amplitude
in ASVI, probably indicating the down-thrown
block of the lopolith due to the reactivation of
Papaghni fault. Chatterjee and Battacharji (2001)
also mentioned that mantle perturbation triggered

Careful analysis and guided approach in resolving
the ambiguity in interpreting the regional TMI
anomaly, resulted in adding new dimensions to
understand the nature of the source of a hitherto
well known multi-geophysical anomaly in the
south-western part of Cuddapah basin. Interpretation of aeromagnetic data by calculating the
analytical signal of vertical integral of TMI
anomaly helped in detailed mapping of the most
speculative lopolithic body responsible for the
tectonic processes of basin initiation, evolution and
several episodes of igneous activity in and around
the basin. Our work further aided in modelling the
basement conBguration reasonably well by assigning the most reliable shape to the huge maBc
lopolithic body.
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