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The exposed granite gneissic complex to the west of Cuddapah basin in Eastern Dharwar Craton (EDC) is
studied to understand the magnetic character of various plutons in this region with more emphasis on a
part of Closepet Granite (CG). The NW–SE trending plutons in this region show gradual decrease in
magnetic intensities from southwest to northeast; CG in the southwest corner of the study area have high
maBc content, and there onwards show a depletion in mantle enrichment towards NE. Parts of the CG
namely, the main mass and northern intrusions separated by a gap zone are differentiated based on
magnetic character deduced by processing the aeromagnetic data. Reduced to the pole (RTP) and its
upward continued maps revealed NNW trending eastward convex anomaly highs inferring the magnetic
nature of CG due to Porphyritic Monzogranite (PMG). Gap zone is identiBed to be structurally significant, bounded by deep ENE faults and inferred to be associated with PMG at relatively deeper levels.
2.5D modelling of magnetic anomaly proBle substantiated our qualitative analysis of magnetic anomalies
over CG, inferring magnetic and non-magnetic units of CG. Known shear zones running north–south are
identiBed with a few inferred shears revealed from magnetic data interpretation within CG.
Keywords. Aeromagnetic data; Closepet granite batholith; granitic plutons; modelling.

1. Introduction
Aeromagnetic method is useful to map various
geological units and structures within the basement rocks. The success of this method depends on
the variations in magnetic properties of rocks,
which in turn is related to the amount and distribution of magnetic minerals, viz., magnetite. We
measure the variations in the Earth’s magnetic
Beld due to the variations associated with geological conditions. Airborne magnetic survey is an
economically eAective way of measuring magnetic
Beld that helps in various applications starting
from geological mapping of both small and large
scale features at different depth levels and scales to
mineral exploration. Flight line spacing as close as

50 m, with a sensor height as low as 30 m with a
magnetic recording at every 3 m, make it possible
to map detailed geological features. Data processing, enhancement techniques and advanced modelling tools help in improved extraction of the
subtle subsurface geological/structural features
(Grauch et al. 2003; Betts et al. 2003), magnetite
loaded granitoids (Wennerstrom and Airo 1998),
basement conBguration (Nabighian et al. 2005) and
mapping of greenstone belts, maBc sources, etc. In
the case of exposed granite gneissic basement
complex, magnetic anomalies are characterized by
short-wavelength components due to shallower
features superimposed over long-wavelength
anomalies of deeper/regional origin. High-frequency anomalies over a basement complex may
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represent other than distribution of magnetic
minerals, structural in-homogeneities like dykes
and other intrusive bodies, fault/fracture systems,
schist belts, shear zones and other tectonic features, whereas long-wavelength anomalies may
represent different crustal domains of regional
nature (Babu Rao et al. 1987; Rama Rao et al.
2011; Babu Rao 1995).
Several N–S trending plutonic belts (Bgure 1a
after Gireesh et al. 2012) of age 2.5–2.7 Ga exist to
the west and south of Cuddapah basin among
which Closepet Granite (CG) is the most outstandingly continuous body following the regional
strike of the formations in large part of the Dharwar Craton (DC). Jayananda et al. (2000) postulated that these plutons were originated from
mantle plume (Bgure 1b after Meert et al. 2010).

J. Earth Syst. Sci. (2021)130:91
Those plutons that originated directly above the
plume head are enriched with maBc content due to
the enriched mantle near plume head. The plume
head was located directly below the present location of CG.
In addition to these characteristic changes with
distance from the mantle head, majority of the
plutons exhibit much similar characteristic compositional variations from south to north, also
suggesting the common source for the origin of
these plutons. The southern parts being the representative of deepest crustal levels, show diffuse
contact with the surrounding basement. The central parts of the plutons are wide and show relatively sharp boundary with the surrounding
basement rocks (Lepakshi, Anantapur–Gooty,
Kadiri areas, Gireesh et al. 2012). In the central

Figure 1. (a) Geological map of Dharwar Craton showing granitoids (after Gireesh et al. 2012), (b) cartoon representing superplume model for creating the granitic gneisses of the EDC (after Meert et al. 2010), (c) geological map of the study area modiBed
after GSI 2001 (Inset: location map after Gireesh et al. 2012), and (d) detailed geological map of Closepet Granite (after Moyen
et al. 2003b); blue coloured polygon indicates the study area.
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Figure 1. (Continued.)

part, intrusive facies is voluminous and anatectic
granite is the minor component. In intrusive facies,
the most abundant is the Porphyritic Monzogranite (PMG). A part of the CG and Anantapur–Gooty plutons are covered in the present
study along with a few more plutons of smaller
dimension.
With this background of understanding on the
origin and compositional variations of granitic
plutons, aeromagnetic data is analyzed to map the
plutons and in particular to understand the variations in the magnetic character along and across
CG in the study area. The idea here is to separate
the regional and residual anomalies from aeromagnetic data to map faults, shears, fractures,
dykes, extension of regional structures, mapping of
plutons, etc., which in turn can provide information on the interaction of plume head with the
existing crust, etc.

2. Geological setting of the study area
The DC of south India is predominantly composed
of three lithological units – Trondhjemitic–Tonalitic–Granodioritic gneisses (TTG), volcanicdominated greenstone belts, and K-rich granites.
DC is divided into Mesoarchean Western Dharwar
Craton (WDC) and Neoarchean Eastern Dharwar
Craton (EDC) depending on the difference in grade
of metamorphism, magmatism, age and lithostratigraphy (Naqvi and Rogers 1987; Jayananda
et al. 2000; Ramakrishnan and Vaidyanadhan
2008). The WDC is occupied by 3.4 Ga gneissic
basement in the central part and 2.6 Ga Dharwar
basins in the northern part. EDC is composed of
gneissic basement (2.7–2.6 Ga, Jayananda et al.
2013) with unconformable overlying greenstone
belts (3.3–2.7 Ga, Peucat et al. 1995), other late
Archaean granitoid batholiths and Proterozoic
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Cuddapah basin. The WDC is dominantly gneissic
with wider greenstone belts when compared to
those in EDC. Based on seismic studies, Gupta
et al. (2003) reported a thicker crust (42–51 km) in
WDC than in EDC (34–49 km). From the magnetic
and gravity studies, Ramadass et al. (2006) inferred three divisions in DC, viz., WDC, EDC and
intervening block between EDC and WDC. Our
present study area lies in EDC to the west of
Cuddapah basin and covers only a part of CG.
Geological map of the study region reproduced
from GSI (2001) is shown in Bgure 1(c).
The syn-tectonic CG is the biggest granitic
intrusion in the EDC. The north–south running
unique arcuate body shows an easterly convexity
similar to that of the schist belts. One school of
thought is that CG forms the boundary between
WDC and EDC (Radhakrishna 1956; Moyen
2000; Moyen et al. 2003a; Ramakrishnan and
Vaidyanadhan 2008). Chitradurga schist belt
lying to the west of CG is also believed to be the
boundary between WDC and EDC (Drury et al.
1984; Chadwick et al. 2000; Reddy et al. 2000;
Anand and Rajaram 2002). It represents a 400
km long and 20–30 km wide plutonic belt surrounded by the shear zones. It is almost N–S in
its southern part and extends in NNW–SSE
direction in its northern part. High precision
Zircon dating provided an age of the 2510–2530
Ma (Buhl et al. 1983; Friend and Nutman 1991;
Jayananda et al. 1995) to the CG. Isotopic
studies (Jayananda et al. 1995, 2013) suggested
that the melts forming the batholith are derived
from enriched mantle.
2.1 Detailed geological setup of CG
The CG is the best example of natural crustal
cross-section representing from granulite facies
through amphibolite till green schist facies those
representing from lower crustal to upper crustal
levels (8–13 km crustal cross-section; inferred by
Harris and Jayaram (1982), based on the temperature and pressure studies to understand the
metamorphic condition along the CG over its
length). CG thus provides the best opportunity to
study intrusion of the granitic material over a
vertical crustal cross-section.
CG evolved in three different phases (Saumitra
and Sarkar 1998; Moyen et al. 2003a, b; Jayananda et al. 2006): (1) maBc with clinopyroxene–quartz monzonite, PMG – the mantle derived
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component, (2) grey and pink granite, and (3)
homogeneous granite which is the crustal component. Clinopyroxene–quartz monzonite being the
earlier member formed at [ 400 km depth from
parent magma and next is the maBc phase and
Bnally the grey and pink granitic phases with
increasing crustal contamination. Clinopyroxene
bearing monzonite is mapped as discontinuous
intrusive sheets along the central part of the
pluton. The most dominant phase that occurs as
the continuous body all along its strike length is
the PMG which is intruded into the peninsular
gneisses in a pre-existing shear zone. Porphyritic
maBc phase indicates that the pluton is of mantle
origin. Homogeneous granite on either side of the
main phase constitutes migmatites and amphibolites exhibiting gradational contact with surrounding gneisses.
Depending on the mode of granitic emplacement
and based on certain lithological and structural
variations, CG is divided into four regions (Moyen
et al. 1999, 2001; Moyen 2000) namely root zone,
transfer zone, gap zone and northern shallow
intrusions. Detailed geological map of CG is given
in Bgure 1(d).
Root zone represents the deepest crustal levels
where active shear zones were Blled with magmas.
It is dominated by coarse PMG. Root zone is also
bordered by thick migmatite zones along the contact with the peninsular gneiss. This zone is not
covered in our present study area. Transfer zone
represents the transcend, where magma ascent and
liquid partitioning happened leaving the mush
behind, liquids raised to form shallow intrusions in
the northernmost part. Gap zone is located
between Kalyandurg and Rayadurg regions where
PMG is absent. A network of pink and grey granite
sheets was identiBed in the gap zone. Northern
intrusions consist of a network of ellipsoidal
intrusions. Pink/grey granite sheets in the gap
zone connect the transfer zone with northern
intrusions. This region has sharp contact with
peninsular gneisses without any migmatization.
MaBc phase is also absent in northern intrusion.
Radio elemental measurements made (Senthil and
Reddy 2004) through a strike length of 250 km
showed increase in uranium and thorium levels
from south to north, i.e., from deeper levels to
shallower levels (from root zone to northern
intrusions). The present study area covers a minor
part of the transfer zone, the gap zone and a part of
intrusions outlined in Bgure 1(d).
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3. Aeromagnetic data
Aeromagnetic data over the study area were
acquired by National Geophysical Research Institute (NGRI) for Geological Survey of India (GSI)
in the years 1980–1982 as a part of mineral exploration program. These regional aeromagnetic surveys were Cown along north–south lines with a
spacing of 1 km and mean terrain clearance of 150
m. Instead of digitising already available manually
drawn contour maps to avoid manual bias, the
aeromagnetic data available on drafted magnetic
sheets were read and fed into database. The total
magnetic intensity anomaly (TMI) image generated by gridding this data with a cell size of 200 m,
is shown in Bgure 2(a). High amplitudes are represented by pink to red colours while deep blue on
the image represents lowest values. Very high
amplitude bipolar anomalies of the order of 3500
nT near Oblapuram, 1200 nT near Vidapanakallu,
400 nT near Lattavaram belong to Sandur, Penakacherla and Lattavaram schist belts, respectively.
These high amplitude anomalies are associated
with Banded Iron Formations (BIF) and other
maBc, ultramaBc rocks belonging to schist belts.

Apart from these high amplitude anomalies, the
area is characterized by very long linear highfrequency anomalies trending in ENE–WSW,
NW–SE and N–S directions due to innumerable
number of dykes, fractures and shears in the
exposed basement complex. The prominent arcuate low to the west of Ramgiri is inferred as an arm
of Ramgiri schist belt based on magnetic modelling
studies by Prasanthi Lakshmi et al. (2020).
4. Methodology
4.1 Reduced to the pole technique
The shape of the magnetic anomalies varies
depending upon 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 equator, a
high at pole and a combination of high–low at
intermediate latitudes. If the source is also remanantly magnetised, the shape of the anomaly is
not predictable. Reduced to Pole (RTP) is the
procedure to transform the anomalies at low latitudes as if the source bodies are located at the pole

Figure 2. (a) Total magnetic intensity (TMI) anomaly image of the study area; P1: proBle used for 2.5D modelling and (b)
reduced to the pole (RTP) anomaly image of the study area. Mapped faults/fractures/shear/dykes (GSI 2001) are superposed.
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(Grant and Dodds 1972) and the anomalies are
centred above the source. So, this procedure is
required to remove the eAect of inclination on the
shape of the anomaly. Otherwise, changes in shape
of the anomaly of equivalent sources situated at
different inclinations make the interpretation of
geology from magnetic data a difBcult task.
Through this procedure, a body with positive susceptibility contrast is identiBed with a high placed
over the source (considering induced magnetization) and vice versa. The magnetic inclination in
the study area varies between 14.5° and 17.4°
LðhÞ ¼

1
½SinðI Þ þ iCosðI ÞCosðD  hÞ2

;

where h is the wavenumber direction, I is the
magnetic inclination, D is the magnetic
declination.
This equation has no solution when I tend to ‘0’,
which gives rise to artiBcial north–south features.
These are usually removed by using an amplitude
correction factor. The RTP map is shown in
Bgure 2(b).

magnetic anomaly data is incomplete because of
the ambiguity in the method and also because of
the basic assumption of spatial uniformity of the
Belds (Jacobsen 1987), which mostly fails. Since the
magnetic anomalies are bipolar in nature, it
becomes more critical to resolve the anomalies of
overlapping nature using any of these techniques
for regional anomaly separation.
Upward continuation method is claimed to be
superior to the low pass Bltering because physical
significance of the data is not altered in this
process and so considered as a clean Blter with no
distortions. This technique retains the physical
meaning (as if the measurements are made from
different heights in space domain) in vertically
shifting the levels of observation plane. Jacobsen
(1987) stated that this method holds good even
for random Belds and non-random models too.
Hence, upward continuation data is frequently
used for quantitative interpretation and
modelling.
4.3 Quantitative interpretation techniques
4.3.1 2.5D modelling

4.2 Upward continuation
Upward continuation (Clarke 1969) Blter is applied
in wavenumber/Fourier domain
Lðr Þ ¼ ehr ;
h is the distance in ground units to continue up
relative to the plane of observation, r is the wavenumber (radians/ground unit); r = 2pk where k is
cycles/ground unit.
Upward continuation is required especially (i) to
smooth out the noise levels, (ii) to remove the short
wavelength anomalies due to innumerable number
of 2-D linear magnetic bodies such as dykes, shears
and schist belts in this region, and (iii) to emphasise the anomalies of regional nature.
Potential Beld anomalies are cumulative eAect of
several sources of varied dimension located at different depths. To resolve these anomalies relative
to depth and size, regional–residual separation
techniques are undertaken. Graphical method is
believed to be the most reliable method when
dealing with one-dimensional data. For two-dimensional data, the general approach is to obtain
the regional Beld through low-pass/band-pass Bltering techniques and comparing the output maps
with regional structural grain of the study area.
But, in this way, regional residual separation of

2.5D modelling is carried out using GM-SYS
(GEOSOFT 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); Won and Bevis (1987) for an inBnitely long
prismatic body. Shuey and Pasqulae (1973) developed 2.5D proBle modelling with a Bnite strike
length. The GM-Sys package available was developed by using integrating these algorithms (GEOSOFT 2004).
5. Results and discussions
5.1 Granitic plutons in the study area and their
magnetic signatures
The original TMI anomaly map (Bgure 2a) shows
no clear cut contrast between the major peninsular
gneissic terrain, CG and other granitoid bodies. All
the high frequency and low frequency components
show similar structural grain excepting over the
schist belts. No pronounced contrast is seen
because several very high amplitude anomaly signatures of the schist belts in the region conceal the
minor variations in amplitudes arising from the
basement complex. On close observation, a break
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in NE and ENE trending linear anomalies is
observed along the eastern margin of the CG. All
the linear structural features like shears, fractures,
faults and dykes representing pre-existing faults
are mapped from the TMI and RTP maps
(Bgure 2a and b) and overlaid on Bgure 2(b). Dykes
are generally represented by linear bipolar magnetic anomalies of higher amplitudes at this magnetic latitude. A line along which linear magnetic
anomalies tend to break is identiBed as a fracture.
If the linear magnetic anomaly trends are displaced
along a line, that is denoted as a fault.
RTP map (Bgure 2b) has been predominantly
characterized by NW–SE trending blocks of magnetic highs separated by low amplitude regions.
These high amplitude blocks are identiBed (i) over
CG, (ii) near Lattavaram, (iii) Anantapur to
Kandukuru, (iv) near Ramgiri, (v) Ramadurgam
to Gooty region, and (vi) in the northeastern most
corner of the block. Faults and fractures are more
clearly identiBed as linear lows in the RTP map.
To clearly delineate the regional granitoid bodies
from the surrounding gneissic terrain, regional
anomaly component is obtained using upward
continuation technique.

5.2 Mapping of regional anomalies
To remove the high frequency anomalies originating from the shallow sources and to isolate broad
geological terrains and their boundaries, the RTP
data was upward continued to different heights
(1000, 2000, 4000 and 6000 m from ground
including the Cight height of 150 m). RTP images
are considered for further interpretation to overcome the misperception due to bipolar nature of
TMI anomalies. Upward continued maps of RTP
are shown individually in Bgure 3(a–d) for heights
of 1000, 2000, 4000 and 6000 m, respectively. These
maps are characterized by alternative bands of
high and low anomalous zones extending in
NW–SE direction. Among these, very high amplitude closures in RTP maps (Bgure 3a–d) and
bipolar anomalies in TMI in Bgure 2(a) at Oblapuram (north-west of Lattavaram) and Lattavaram essentially represent BIFs/ultramaBc
units associated with schist belts (a patch of schist
belt is seen near Lattavaram in Bgure 1d) (Prasanthi Lakshmi et al. 2020). These NW–SE alternate bands (indicated between broken lines in
Bgure 3b) become much more prominent in the
upward continued anomaly maps as the local
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higher frequency anomalies due to shallow features
are eliminated in this process, thus providing a
better picture of the regional anomaly sources.
NW–SE trending blocks of RTP highs are named
as H1–H4 (in Bgure 3b). Gireesh et al. (2012)
divided all the plutons in this region into three
roughly E–W corridors corresponding to different
crustal levels (southern, central and northern) in
EDC. These divisions are analogous to the zones in
CG (root zone, transfer zone and northern intrusions) with a change in composition along the
length representing the natural crustal cross-section; plutons in our study area belong to central
corridor with PMG in the central part bounded by
anatectic facies on either side across the width
(E–W) of the plutons. We infer that H1–H4 are
associated with the plutons. As we move from H1
(over CG) in SW to H4 in NE, there is gradual
decrease in amplitudes of these highs. This
decrease in amplitude may be suggestive of their
distance from the mantle plume, indicating the
gradual depletion towards northeast of the study
area.
There are several granitic plutons of variable
dimensions in the study area. Only a few plutons
with wider areal extent are overlaid on the images
in Bgures 2 and 3. These are: (i) CG, (ii) a cluster to
the east of Kandukuru–Anantapur (KA), and (iii)
Garladinne to Yadiki (GY) through Wajrakarur
and Gooty. KA and GY are combined as single
pluton in many published geological maps which is
known as Anantapur–Gooty pluton. Fracture/
shear/fault patterns recognized from each upward
continued height are shown as dashed lines on the
corresponding map respectively (Bgure 3a–d).
The region covered by CG and KA plutons is
associated with highs in RTP and its upward
continued maps. The highs within CG are inferred
to be due to PMG and lows, nonmagnetic pink and
grey granites. These high become more and more
obviously Bgured out as we go upward in height
(Bgure 3a–d), inferring that these particular plutons were originated from enriched mantle (Wennerstrom and Airo 1998; Airo and Ahtonen 1999).
KA cluster of plutonic bodies, though scattered
over the region, are consistently manifested by
high amplitude anomalies. Possible reason for the
high anomalies associated with KA plutonic bodies
could be due to PMG (any other plume in its
vicinity could be the source of this PMG) (Mall
et al. 2008; Chandrakala et al. 2010; Gireesh et al.
2012). Few more highs surrounding KA, which are
otherwise not mapped as granitic plutons, can be
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Figure 3. (a) Upward continued image of the RTP anomaly by 1 km, white dashed line denotes Closepet granite boundary;
superposed Kimberlite locations after Nayak and Kudari (1999); Shaikh et al. (2017). 1 and 2 are discussed in text. (b) Upward
continued image of the RTP anomaly by 2 km (H: High; L: Low; High, Low zones are separated by broken arrows); superposed
Kimberlite locations after Nayak and Kudari (1999); Shaikh et al. (2017). (c) Upward continued image of the RTP anomaly by
4 km, and (d) upward continued image of the RTP anomaly by 6 km. NE–SW broken lines in (c–d) indicate regional faults.
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designated as plutons of similar nature upon
checking them on ground and so can be considered
as single unit as given in regional geological maps.
Contrary to this, pluton GY is characterized by
moderate and smoothly varying magnetic low. As
against the long and consistently wide CG, GY is
irregular in shape with pinches and swells with two
parallel belts extending NW–SE. Eastern belt of
GY shows unswerving moderately low magnetic
Beld, whereas the western band is interspersed with
few magnetic highs. On the whole, this part of the
pluton can be inferred to be of anatectic in nature
as it is weakly magnetic. Whereas a zone of magnetic high in NW–SE direction extends from
Ramadurgam through Gooty and further southeast. This zone can be considered as PMG surrounded by anatectic facies (of GY) on the
periphery of plutons (moderate high on west and
low on east) as in the case of CG and also inferred
by Gireesh et al. (2012).
5.3 Detailed study on Closepet Granite
5.3.1 Clusters of dykes over CG
Numerous dykes are present within the CG
(Bgure 1c). The density of dykes is high over CG
when compared to its immediate surroundings. To
the east of eastern boundary of CG, in the region
surrounded by Oblapuram, Lattavaram, Atmakuru and Nagalapuram, the dykes are not densely
distributed. The abrupt change in direction and
truncation of the dykes indicate the faulted contact. Majority of the dykes are trending in
NE–SW to ENE–WSW directions apart from very
few which are running in NW and WNW directions. These can be grouped into few clusters
based on their strike direction and density distribution in accordance with the zones in CG.
Transfer zone is covered by a dense network of
dykes (several in NE, ENE directions and very
few in NW, WNW directions). Gap zone is covered sparsely with ENE trending dykes. Further
north of gap zone (over northern intrusions),
dykes are very sparsely distributed with ENE,
WNW trends.
There is a good correlation between the location
of dykes and/or shear/fracture zones with the high
frequency anomalies seen in TMI and RTP
(Bgure 2a and b) maps and also in FVD (Bgure 5b).
Generally, in this region of low magnetic latitudes,
dykes give rise to linear bipolar TMI anomalies
with a high towards south and a low towards north;
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shears are associated with highs (Sarma and Verma
2001). No prominent linear bipolar anomalies are
seen over CG. Whereas, bipolar TMI linears are
visible to the east of CG over gneissic terrain
between Atmakuru and Anantapur and in the
southeastern corner of the study area. Possible
reasons for absence of prominent bipolar linear
anomalies over CG could be (i) shear anomalies
(highs) are dominant over CG obscuring thin
bipolar linears due to dykes and (ii) dykes are
probably thinner to be properly sampled in the
aeromagnetic Cying. We noticed that the minimum
sampling interval in this dataset is 60 m and
maximum sometimes is more than 200 m. Except
at few places, magnetic linears are rarely coinciding
with the dyke positions either in transfer zone, gap
zone, or over northern intrusions.
5.3.2 Magnetic zones within CG
In RTP and upward continued RTP maps
(Bgures 2b and 3a–d), we notice that blocks of high
magnetic anomaly are divided by linear magnetic
low inferring wide fracture/shear zones. These are
located at (i) Nagalapuram, (ii) north of Rayadurg,
(iii) Kalyandurg, and (iv) Oblapuram. These high
magnetic blocks are not matching with the individual clusters of maBc dykes. These magnetic
blocks may represent the maBc parts of the CG
which are fractured and faulted. These fracture
zones are Blled with maBc dykes in the later events.
In the upward continued maps, the main mass of
the CG is shown to be exhibiting magnetic highs.
Source of high-frequency anomalies over CG can
either be dykes or shear. But since no bipolar
anomalies are seen, which is the typical signature
of dykes in low magnetic latitudes, these high-frequency anomalies represent shear zones/fracture
rather than dykes.
From the RTP anomaly map upward continued
to different levels (Bgure 3a–d), it can be seen that
the magnetic blocks appear to form regional highs
in the central part of the CG in the study area,
directly indicating the magnetic nature and hence,
representing the maBc content of regional formations. The zones on either side across the CG
(E–W) are non-magnetic. But, no sharp contact
between magnetic (PMG) and non-magnetic
(anatectic) classes is manifested in the magnetic
maps which may indirectly indicate the gradational/diffused boundaries. Saumitra and Sarkar
(1998) stated that the contacts between different
phases of granite are diffused.
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We infer that the high magnetic anomaly blocks
(of upward continued RTP anomaly) are caused
due to the PMG units of CG since (i) the general
strike of the CG in this part is NNW–SSE, RTP
anomalies continued in different heights also exhibit exactly same characteristic strikes, (ii) with the
same eastward convexity, and also (iii) RTP highs
are running along the central part of the CG representing the PMG.
Transfer zone is partly covered in the study area
in the southwestern corner. Two NNW trending
highs (denoted as 1 and 2 in Bgure 3a and c) are
observed which are separated by smoothly varying
magnetic Beld in this region, one high from south
through Oblapur and the other to its east till
Kalyandurg. These two highs may possibly represent PMG separated by anatectic granite. Fault/
fracture zones in the transfer zone are predominantly in WNW and ENE directions forming a
rhombic pattern. Expression of these fracture
patterns disappears in RTP continued to 4 km
(Bgure 3c) stating as a rule of thumb (Jacobsen
1987) that this region is fractured till depth of 2 km
presumably.
The gap zone is characterized by faults of deeper
nature. Faults in this region are predominantly in
ENE–WSW direction. This corridor bounded by
ENE faults is a known zone of kimberlite occurrences called Kalyandurg kimberlitic Beld (KKF).
This deeply fractured zone could have acted as a
conduit for emplacement of kimberlites. Seven
pipes were discovered in this zone as of now (Nayak
and Kudari 1999; Shaikh et al. 2017). Impression of
ENE elongated magnetic highs disappears at 6 km
of RTP-upward continuation (Bgure 3d) between
Kalyandurg and Rayadurg. According to the rule
of thumb (Jacobsen 1987), upward continued
anomaly represents sources located at a depth
equal to half of the height of continuation. From
this rule of thumb, we infer that the fracture zones
may not extend beyond 3 km (i.e., half of continuation height of 6 km). Moyen et al. (2003b)
inferred from their Beld studies that the Blter
pressed residual liquids from the PMG in the gap
zone formed the northern intrusions towards north
of the gap zone. Continuation of NNW elongated
RTP high from south can be noticed between
Rayadurg and Kalyandurg at 6 km continuation
height in Bgure 3(d). This shows that there is a
possible extension of PMG at depth below the gap
zone. PMG bodies inferred from the study are
marked in Bgure 3(b). The ENE faults/fractures
(formed at a later stage) might have displaced the
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PMGs to different depth levels in transfer zone and
gap zone. Through analysis of aeromagnetic data,
this continuation PMG under these regions could
be mapped.
This inference also holds good for the region
below northern intrusions (possessing magnetic
highs with the same strike as that of CG) indicating possible presence of PMG at deeper depths and
probably thinner. Our inferences are integrated
with a schematic diagram (Bgure 4) given by
Moyen et al. (2003b) and shown as the inset in
Bgure 4.
5.3.3 Shear zones
Gopalakrishna et al. (1986) inferred that the
emplacement of granitoids is controlled by shear
zones. Bouhallier (1995) mapped a network of
shear zone in the EDC. Alternate N–S bands of
shear and un-sheared blocks of granite were
reported by Moyen et al. (2003b). The width of the
shears are ranging from few meters to 5 km (Moyen
2001).
Locating a N–S features is known to be a difBcult
task since the north–south trending sources produce low amplitude magnetic anomalies at low
magnetic latitudes, as the magnetization vector
aligns along the strike (N–S). When the Cight lines
are aligned N–S, the chances of cutting the N–S
trending body becomes least, depending on the line
spacing chosen and the width of the magnetic
source. Those N–S features which are wider than 1
km width (larger than the Cight line spacing) can
be cut by Cight lines. Also, N–S trending features
may not exhibit a perfect N–S strike in real geological conditions and may not be uniformly magnetised throughout their strike length. Faulting,
folding, deformations, non-uniform distribution of
magnetite mineral content, variations in thickness
along the strike and several other factors aid in
creating feeble anomalies aligned N–S (Beard
2000). These feeble anomalies are created at the
intersection of Cight line with the irregular
boundary of the N–S feature. An attempt is made
here to enhance these weak anomalies to identify
the associated geological feature. In the present
case, shears can be considered as zones of depleted
magnetite due to shearing.
First vertical derivative of TMI is computed to
enhance the anomalies due to shallower magnetic
sources, to have a better insight into the near
surface structures. Several very high frequency
clusters of high and low anomalies aligned
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Figure 4. 3D representation of Closepet granite with the inferred porphyritic granite (modiBed after Moyen et al. 2003b); inset
represents the zoomed area of the GAP zone.

Figure 5. (a) Shear zones in the Closepet granite (after Moyen et al. 2003b). (b) First vertical derivative of TMI of the study
area is superimposed with the known and inferred shear zones. Superposed Kimberlite locations after Nayak and Kudari (1999);
Shaikh et al. (2017).

roughly in N–S direction are identiBed as shear
zones, which are correlative in the location of
that shear zones in CG given by Moyen et al.
(2003b) (Bgure 5a). These are zones of combination of high-lows of very high frequency with
speciBc magnetic texture/grain. The chances are
less for mapping the shears with width \ 1 km
from this data, since the aeromagnetic data used

in this study were collected with a line spacing of
1 km unless Cight line passed exactly over the
shear zone. High-resolution aeromagnetic data
with suitable line spacing could probably help
better in identifying this kind of narrow features.
Nevertheless, we tried to map these zones and
inferred possible additional zones (shown in
Bgure 5b).
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Figure 6. 2.5D modelling of the TMI (upward continued to 2
km); ProBle location shown in Bgure 2(a); 1 and 2: magnetic
highs denoted in Bgure 3(a and c); RMS error: 3.18 nT
(magnetic inclination: 17°, declination: 0.2° and total Beld:
41,500 nT).

5.3.4 2.5D modelling
ProBle location chosen for 2.5D modelling is
shown in Bgure 2(a) (TMI). A *60 km long
NE–SW trending proBle P1 located in the transfer
zone has been selected for the modelling. The
proBle P1 traverses the granite-gneiss with the
CG on the southwest side. The magnetic data
upward continued to 2 km (taking into account,
the Cight height of 150 m) is used for modelling
the proBle.
The main objective of modelling is to obtain the
different metamorphic/mineralogical variations
within the CG. For this purpose, PMG and anatectic
granite, the two major units of the CG are considered.
The obtained model constitutes CG within the
peninsular gneissic terrain. The initial constraints for
the modelling are taken from Moyen et al. (2003b).
Various susceptibilities used for modelling are
(a) 0.01525 SI units for Anatectic granite, (b) 0.02175
SI Units for PMG (Moyen et al. 2003b), (c) 0.005655
SI Units for peninsular gneiss, and 0.009425 SI Units
for upper crust (Ramadass et al. 2006).
The proBle has amplitudes ranging from 145 to
50 nT. The high amplitude anomalies may be
attributed to maBc magmatic facies within the CG.
Fitted model is shown in Bgure 6. ProBle chosen for
modelling has brought out CG between 3 and 47 km
distance (along x-axis) bounded by peninsular

Figure 7. Integrated map showing the inferred results from
the present study overlain on the geological map (modiBed
after GSI 2001).

gneiss on either side. Model reveals the existence of
enclaves of anatectic granite and PMG. Two bodies
of PMG separated by anatectic granite are well Btted. RTP map (Bgure 3a) also infers these two PMG
units associated with highs (numbered as 1 and 2 in
Bgure 3a). One RTP is high near Oblapur is separated from the other high towards its east (with
NNW trend and eastward convexity) by smoothly
varying moderate magnetic Beld. The average depth
of these facies is observed to be *7 km (considering
the upward continuation). CG forms a near vertical
contact with the neighbouring gneissic basement.

6. Conclusions
The study area is manifested by very high amplitude bipolar TMI anomalies representing the schist
belts (ranging from 3500 to 200 nT) and very high
frequency linear magnetic anomalies (50–200 nT)
over the shears/fracture/fault zones and dykes.
Shear zones are generally depleted in magnetite
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content and due to low magnetic latitudes, these
shears are characterized by NW–SE trending
magnetic highs in TMI which are dominant in the
study area. Among all these categories of anomalies, magnetic nature of the plutons (due to PMG)
is masked, though the plutons occupy a larger part
of the study area. Here, we applied upward continuation technique for separation of the regional
component of the RTP anomaly map to separate
the anomalies due to plutons. This work helped
in understanding the crustal character in this
complex geological terrain.
From the present study, it is found that the
high-frequency anomalies related to fractures/
dykes, etc., are evident only up to 3 km. Qualitative analysis of regional magnetic data through
the use of upward continuation techniques facilitated mapping granitic plutons such as CG, KA
and GY and further helped to differentiate the
plutons in their magnetic character along and
across their strike. The NW–SE trending crustal
blocks of high magnetic nature are attributed to
mantle enriched origin of the plutons. Magnetic
intensity of these blocks appears to decrease from
southwest of the block (CG) to northeast pluton
with maximum over CG. Especially in CG, the
transfer zone, gap zone and northern intrusion
regions are well delineated, magnetically. The
faults cutting across CG are inferred to extend till
an average depth of 2 km. Several ENE–WSW
faults are found to be deeper than those extending
in other directions. The gap zone is bounded by
faults of deeper nature that might have acted as a
conduit for kimberlite pipes of KKF. The blocks
of magnetic highs (RTP) are not correlative in
position to the clusters of maBc dykes within CG.
From RTP anomaly, its upward continuation and
2.5D modelling, we infer that the magnetic signatures associated with parts of CG to represent
PMG at different depth levels. Hence, the results
conBrm that the magnetic nature of the parts of
CG is not due to maBc dykes and ascertain the
mantle-derived maBc origin. A part of transfer
zone of CG in the study area is identiBed to hold
two NNW trending bodies of PMG with eastward
convexity. Probable presence of PMG at depth is
inferred in the gap zone. Integrated map showing
the inferred results from the present study overlain on the geological map is shown in Bgure 7.
Thus, for the Brst time, through the analysis and
interpretation of aeromagnetic data, we were able
to delineate the PMGs at different depth levels
within the CG.
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