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Cuddapah Basin (CB) is an intracontinental, Proterozoic basin Canked by Eastern Dharwar Craton
(EDC) in the west, Nellore Schist Belt (NSB) and Eastern Ghat Mobile Belt (EGMB) in the east,
represents second largest Proterozoic basin of India. Gravity and magnetic surveys were carried out at the
interface of Cuddapah Basin (CB) and Nellore Schist Belt (NSB) covering *2880 km2 area. Gravity map
has brought out some distinct zones. The thrusted contact of NSB and Cuddapah sediments has been well
delineated from the gravity map by NE–SW trending steep gradient of contours. Relatively high gravity
values are observed over NSB in the southeastern part, moderately high values are observed over
Cumbum Formation, but distinct low is observed over Baironkonda Formation. These gravity highs and
lows are mainly the manifestation of basement characteristics and intrusives. The magnetic map shows
two distinct domains, viz., moderate to low zone in the southern part, and moderate to high zone in the
northern part. Regional gravity map suggests a change in basement characteristics from felsic to maBc
from NW to SE. Presence of maBc basement may be representing EGMB group of rocks underneath the
Cuddapah sediments at the eastern part of the study area. The joint gravity and magnetic modelling
reveal varied nature of sedimentary units in terms of density and susceptibility and change in basement
characteristic.

Keywords. Cuddapah Basin; Nellore Schist Belt; gravity–magnetic; regional–residual; joint
gravity–magnetic modelling.

1. Introduction

Cuddapah Basin (CB) is the largest intra-cratonic
basin of southern India, developed over Eastern
Dharwar Craton (EDC) after the stabilization of
craton at *2.6–2.5 Ga. It is a Proterozoic basin
with an outcrop area of 45,000 km2 (Saha and
Patranbis-Deb 2014) and cumulative sedimentary

thickness of 10–12 km (Kaila et al. 1979), which
makes it second largest Proterozoic basin of India
(Chetty 2011; Tripathy and Saha 2013). CB is
endowed with rich mineral deposit and at the same
time, it bears the imprints of the tectonic and
physical process that took place from Neo-Archean
to Neoproterozoic. Insights regarding the nature of
crust, structural fabric, sedimentary nature, and
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Figure 1. (a) Generalized geological map and (b) stratigraphy of Cuddapah Basin (modiBed after Singh and Mishra 2002;
Manikyamba et al. 2008; Saha and Tripathy 2012).
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thickness are of primary importance since it will
enhance the understanding of the evolution of CB.
The eastern part of the basin (Bgure 1) is Canked
by Nellore Schist Belt (NSB) and granulites of
Eastern Ghat Mobile Belt (EGMB). NSB is rep-
resented by greenschist to amphibolite facies of
metamorphic rock, which are related to subduction
magmatism (Dharma Rao and Reddy 2009).
Recently, suprasubduction zones comprising ophi-
olites have also been reported from NSB (Dharma
Rao and Reddy 2009). The geophysical study at
the interface of CB and NSB provides an oppor-
tunity to have an insight of the tectonic process
and resultant crustal architecture at the eastern
margin of CB.
Gravity–magnetic survey have facilitated the

understanding of crustal fabrics and tectonics of
Precambrian crust immensely in different parts of
the world. Distinct gravity signatures (paired neg-
ative and positive gravity anomalies) are observed
over cratonic convergence and sutures of Precam-
brian age in Canadian Shield (Gibb and Thomas
1976; Gibb et al. 1983). Suture zones/terrane
boundaries in Italy, Canada, Australia, and Africa
are reCected as sigma-shaped gravity anomaly
(Fountain and Salisbury 1981). The crustal struc-
tures across CB and its basement conBguration have
been primarily derived from gravity studies (Kaila-
sam 1976; Krisna Brahmam 1989; Ram Babu 1993;
Kesavamani et al. 1997; Singh andMishra 2002; GSI
and NGRI 2006) and seismic studies (Kaila et al.
1979; Singh and Mishra 2002; Chandrakala et al.
2013). Seismic studies reported huge thickness of
sediments (*10 km) in the Cuddapah basin (Kaila
et al. 1979;Kaila andTewari 1985) and identiBed the
underlying Archean basement characterized by the
velocity of 6.40 km/s. The studies indicated vertical
movement on either boundaries of the CB, which is
responsible for huge sediment accumulations
(*10–12 km). These study also indicates that the
eastern margin of CB is thrusted below EGMB
(Chandrakala et al. 2013). The previous geophysical
studies (Kaila et al. 1979; Kaila and Tewari 1985;
Ram Babu 1993; Singh and Mishra 2002; Chan-
drakala et al. 2013) mostly address different aspects
of deep crustal fabric and tectonics across CB, but
shallow crustal architectures/fabrics are not ade-
quately dealt especially at the easternmargin of CB.
At the same time, different schools of thought
coexist regarding basin formations and subsequent
evolutions.
Present study mainly covers northeastern fringe

of CB and a part of NSB. It adopts an integrated

approach comprising gravity and magnetic
methods with high-density data points to study the
(i) shallow basin conBguration, (ii) detailed struc-
tural fabrics with basement architecture, and
(iii) gravity and magnetic signature at the interface
of CB and NSB. The objectives are achieved by
analysis of the Bouguer gravity map, magnetic
anomaly map, their potential transform map, and
gravity–magnetic modelling.

2. Geological setting

Cudapah basin is evolved over Eastern Dharwar
Craton (EDC, Tripathy and Saha 2013). EDC is
characterized by gneisses of the granitic composi-
tion, which was also aAected by the voluminous
plutonic intrusion ofK-granite of LateArchaean age
(Jayananda et al. 2000). The CB sediments belong-
ing to Cuddapah Super (CS) Group and Kurnool
sequence were collectively deposited from 1900 to
500 Ma and it evolved on the Archean Dharwar
craton (Manikyamba et al. 2008). The CS Group of
rocks representing volcano-sedimentary sequence
are composed of argillaceous and arenaceous seq-
uence, subordinate calcareous sediments with
both intrusive and extrusive igneous bodies. The
general stratigraphy is depicted in Bgure 1(b)
(Murthy 1981). The study area is bounded by lon-
gitudes 79�000–79�300E and latitudes 15�300–5�300N
and falls in Survey of India toposheet nos. 57M/1,
M/2, M/5 and M/6. The area mostly covers Nalla-
malai Group of rocks, but south-eastern part of the
study area covers Dharwar Super Group/NSB
(Bgures 1 and 2). The rocks of Nallamalai Group
are in highly deformed state and comprise of
Baironkonda Formation (Quartzite) and Cumbum
Formation (slates, phyllites, limestone, etc.).
The large scale regional geo-tectonic features at

the eastern part of Cuddapah basin include Nellore
Schist Belt (NSB) and Eastern Ghats Mobile Belt
(EGMB). The NSB is a curvilinear deformed
Paleoproterozoic to Mesoproterozoic volcanosedi-
mentary sequence thrusted over Cuddapah basin
(Dharma Rao and Reddy 2009). The Eastern
Ghats Mobile Belt, which occurs at eastern Cank of
NSB, is a high-grade granulite terrane comprising
rocks of Archaean to Neoproterozoic age.
The development of Proterozoic Cuddapah

Basins (CB) took place after the stabilization of
Dharwar Cratonic core at*2.6–2.5 Ga (Saha et al.
2015). The initiation CB was invoked as a broad
trough on the Archean basement created in an
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extensional regime caused by early Proterozoic
thermal activities, as evidenced by maBc–ultra-
maBc sill complex (Singh and Mishra 2002; Anand
et al. 2003). The extensional regime opened an
ocean basin at *1.89 Ga (Dasgupta et al. 2013)
over which Cuddapah sediments were deposited.
The extensional settings modiBed into subduction
regime and the fold thrust belts at the eastern
margin of the Cuddapah basin was formed at
*1.87 Ga (Saha et al. 2010; Dasgupta et al. 2013).
The possible occurrence of ophiolites within NSB
(Dharma Rao and Reddy 2009; Vijay Kumar et al.
2010) indicates of convergence of two cratonic
blocks (India and East Antarctica, Dobmeier and
Raith 2003) in late to middle Proterozoic (Chetty
and Murthy 1994) with remnants of ocean basin
lying in between. The Eastern Ghats Mobile Belt
(EGMB), which was part of East Antarctica
Napier Complex accreted and subsequently col-
lided with Indian land mass (Dharwar Craton).
The event was culminated at ca. 1.6 Ga (Dasgupta
et al. 2013).

3. Data acquisition and methodology

Gravity and magnetic surveys were carried out
alongside all the accessible road and cart tracks in
the site covering the Survey of India toposheet Nos.
57M/1, M/1, M/5, and M/6 (Bgure 3). A total of
1000 gravity magnetic observations were recorded

in 2880 km2 area with station density of one station
per 2.8 km2. The elevations have been collected
using ‘Total Station’ survey instrument. The sur-
vey strategy was to maintain uniform station dis-
tribution throughout the area; however, uniform
station distribution was disturbed due to non-
approachability in small patches over the reserved
forest and rugged hilly terrain. The digital eleva-
tion image map of the study area with white dots
representing gravity and magnetic stations are
shown in Bgure 3. Gravity base was established
near the camp at Markapur (79.26�E, 15.74�N). It
was tied with the IGSN-1971 base at Giddalur
(78�5500400, 15o2202800) established by Geophysics
Division, Geological Survey of India (GSI). The
CG-5 gravimeter has been used for gravity data
acquisition, which has inbuilt software for taking
care of tidal correction. After applying drift cor-
rection, entire data have also been corrected for
free air and Bouguer plate. Bouguer plate correc-
tion has been performed assuming the standard
crustal density of 2.67 gm/cc. International gravity
formula 1980 has been used for latitude correction.
The total magnetic Beld data have been acquired
using GSM made Proton Precession Magnetome-
ter. The recorded data have been corrected for
diurnal and IGRF (2010, epoch) variation. The
overall accuracy of Bouguer gravity and magnetic
are in the order of 0.2 mGal and 1 nT, respectively.
The corrected data were gridded using minimum

Figure 2. Geological map of the study area. 1: Nellore Schist Belt (NSB); 2: Baironkonda Formation and 3: Cumbum Formation.
ProBles A–A0 and B–B0 have been selected for study of gravity–magnetic responses. Gravity–magnetic joint modelling has been
carried out along proBle A–A0.
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curvature technique with 1000 m grid interval
and different Blters were applied to assemble the
geophysical texture at different crustal level.
Firstly, spectral analysis of both gravity and

magnetic data were carried out. Both gravity and
magnetic map are the superposition of anomalies of
different frequencies caused by sources at different
depths. Spectral analysis of the gravity and mag-
netic data have the eDcacy for estimating the
average depth of the sources. Spector and Grant
(1970) establised a simple relation between the
power spectrum and depth values of ensembles of
uncorrelated magnetic sources from aeromagnetic
data and the relationship is expressed as,
P wð Þ ¼ A expð�2 wj jhÞ, where PðwÞ is the power
spectrum, A is the constant for the randomly dis-
tributed source, w is the wavenumber, and h is the
depth to the source. After taking logarithm on both
sides, the above equation can be written as
lnðpÞ ¼ �2 wj jh þ A. The plot between the log power
spectrum and wavenumber has been used to esti-
mate depth from the slope. The depth of the deeper
sources are estimated from slope with smaller
wavenumbers. Subsequently, shallower sources are
estimated from slopes with higher frequencies.
The horizontal gradient of the gravity data

simply indicates the lateral density inhomo-
geneities (Kumar et al. 2018, 2019; Pal and Kumar

2019; Sahoo and Pal 2019; Chouhan et al. 2020)
and calculated using the formula

h x; yð Þ ¼ ogðx; yÞ
ox

� �2

þ ogðx; yÞ
oy

� �2
" #1=2

;

where h(x, y) is the magnitude of horizontal
gradient and terms on the parenthesis are the
partial derivative of gravity anomaly data with
respect to x- and y-axis, respectively. The location
of maxima of horizontal gradient magnitude can be
simply made by visual inspection. The magnitude
of the anomaly depends on density contrast at the
boundaries of different litho-units and vertical
extension of the contact. The steepest horizontal
gradient of a gravity anomaly generally occurs
directly over the edge of the body if the edge is
vertical (Thomas et al. 1992).
The magnetic Beld is bipolar in nature and the

induced magnetic Beld is a function of latitude,
magnetic inclination, and declination (Pal et al.
2016, 2017). The Total Intensity Magnetic (TMI)
grid was reduced to the equator (RTE) to negate
the eAect of magnetic inclination on the shape of
the anomalies and to centre the anomaly directly
over the causative source. Reduction to equator
(RTE) is the preferred operation for lower mag-
netic latitude. It is to be noted that in the case of

Figure 3. Digital elevation image map of the study area; white dots represent gravity and magnetic stations.
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RTE, geomagnetic Beld is predominantly horizontal.
For an induced type of magnetization, the magnetic
body near the magnetic equator will oppose the
geomagnetic Beld of the earth and negative (low)
anomaly will be recorded (Dobrin and Savit 1988;
Mishra 2011). Hence, in general, magnetic low will be
observed over magnetic bodies and the magnetic
high will be observed over dia and paramagnetic
bodies.
A total of 80 rock samples were collected from

different representative geological units (Bgure 4)
of the study area. The density and susceptibility of
all the samples were measured. The Bartington
MS-2 susceptibility meter was used for measuring
susceptibility of the samples. Density measure-
ments were carried out with an electronic balance
instrument of Afcost make.

4. Results

4.1 Physical properties of the rock samples

The study area is represented by ensembles of
litho-units from metasediments to metavolcanics
representing Cuddapah formations and NSB, but
the physical property of the rock (density and
susceptibility) samples are not well documented in
the literature. The measured density value of the
rock samples has important implications for the
analysis of gravity data (Smithson 1971; Subrah-
manyam and Verma 1982), since density contrast
is the causative source of the gravity anomalies. It
facilitates the corroboration of gravity response
with the exposed geology. The density and sus-
ceptibilities of the representative rock samples
from the study area are tabulated in table 1. The
table shows that collected rock samples are classi-
Bed into six lithological units. Representations of
high-grade metamorphic rocks like metabasalt or
amphibolite are few and sporadic but these rocks
are of higher density. The sample representing
hematite–quartzite registered the highest density
and the sample was collected from the northwest-
ern part of the study area (Bgure 4). The other
sedimentary units like quartzite and limestone are
of average density with 2.66 and 2.62 gm/cc,
respectively. The previous study shows that the
density of Cuddapah sediment varies between 2.5
and 2.7 gm/cm3 (Ram Babu 1993). Singh and
Mishra (2002) considered density variation of
Cuddapah Formations from 2.60 to 2.81 gm/cc.
The present study shows that individual litho-units
may have density values that can oAshoot the
previous estimates.
The susceptibility values of the Cuddapah

Formations are not yet reported to the best of our
knowledge. However, it has important implica-
tions, not only to understand the magnetic anom-
aly map, but it also facilitates petrological analysis

Figure 4. Density map with black dots representing the
locations of collected rock samples.

Table 1. Measured physical properties of the representative rock samples.

Sl.

no. Rock type

No. of

samples

Density ‘D’ in gm/cc
Magnetic susceptibility (S)

range in CGS units (910�6)Range Average

1 Meta basalt 08 2.67–2.87 2.76 1–233

2 Amphibolite 04 2.69–2.78 2.74 10–102

3 Hematite quartzite 02 2.66–3.03 2–9

4 Limestone/Dolomite 15 2.56–2.69 2.62 1–74

5 Quartzite 31 2.6–2.78 2.66 –7.2–6

6 Phyllite 20 2.63–2.92 2.71 –4.3–16
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of the rock samples. The measured rock suscepti-
bilities of the rock sample show that quartzite is of
paramagnetic to diamagnetic nature, in general.
However, for few samples, it has shown high sus-
ceptibility values such as 1310 9 10�6 CGS units,
413 9 10�6 CGS units, 176 9 10�6 CGS units and
for all the cases, density values are also in the
higher side (2.83, 2.78, and 2.68 gm/cc). It may
indicate the presence of a higher percentage of
magnetite/ferruginous mineral in the mentioned
samples. Limestone dolomites show paramagnetic
character. The susceptibility of phyllites varies
from –4.7 9 10�6 CGS units to 16.4 9 10�6 CGS
units except for two samples with susceptibility of
1079.8 9 10�6 CGS units (density – 2.92 gm/cc),
and 915 9 10�6 CGS units (density – 2.78 gm/cc).
Metabasalts records moderate susceptibility value
but higher than amphibolites.

4.2 Bouguer gravity anomaly

The analysis of gravity data is eAective in extra-
polating the small and sparse geological informa-
tion into the regional scale and to infer about depth
persistence of the geological attributes. The

Bouguer gravity map along with contours is shown
in Bgure 5. The map shows a total variation of 46
mGals with the amplitude ranging from –117 to
–71 mGal. Based on the pattern of Bouguer gravity
contours, some distinct features have been
observed (Bgure 5). A prominent gravity high zone
(GH1) separating the moderately low gravity zone
(GML1) with steep gravity gradient contours is
observed in the southeastern part of the study area
(Bgure 5). The steep gradient is marked in the
Bgure by a white line that mimics the trend and
spatial location of the geologically reported thrust.
This gradient zone is delineated as a thrust
T1–T10. The gravity values in the right-hand part
(GH1) of the thrust T1–T10 varies from *�84 to
�71 mGals. The gravity high may be attributed to
change in basement characteristics in terms of
density, i.e., the basement below GH1 is of higher
density. The left-hand part of thrust T1–T10 has
been marked as GML1. Geologically, it represents
Baironkonda formation with gravity anomaly
variation of approximately –104 to –95 mGal. The
amplitude of the gravity anomaly and wavelength
of the anomaly suggest that sediments are
deposited in a graben-like structure.
The gravity high anomaly zone stretching from

Ragasumudram to Tiruvantakam has been marked
as GMH2, which is the second prominent feature in
the Bouguer gravity anomaly map. The gravity
value in this area varies from –92 to –82 mGal.
This zone mainly covers Cumbum Formations.
The western part of this zone indicates a moderate
gradient (T2–T20) with NE–SW trending gravity
contours, which suggest contact of two litho-units.
It probably indicates the contact of the low-density
felsic basement and high-density maBc basement
underneath the sediments. The relatively long
wavelength anomaly of GMH2 indicates the deeper
causative source. Denser basement may be the
causative source.
The low gravity anomaly zone, encompassing

GL1 and GL2 trending N–S direction, occurs over
quartzite and shale of Baironkonda Formation.
The gravity anomaly varies from –117 to –108
mGal over GL1, and over GL2, it ranges from –108
to –95 mGal. The low gravity anomaly closure over
GL1 and GL2 may be attributed by granitic
intrusive within the basement. We know the lateral
variation in the density of the rock produces
gravity anomaly. For the present case, average
density of the sedimentary rocks (quartzite and
limestone) are similar (table 1). So, the low density
intrusive within the basement will be the

Figure 5. Bouguer gravity anomaly map; see text for details;
GL1 and GL2: low gravity; GML1 and GML2: moderate to
low gravity; GMH1 and GMH2: moderate to high gravity;
T1–T10: thrust delineated from gravity study; T2–T20:
inferred contact; F1–F10: inferred fault. 1: Nellore Schist Belt
(NSB); 2: Baironkonda Formation; 3: Cumbum Formation.
ProBles A–A0 and B–B0 have been selected for study of grav-
ity–magnetic responses. Gravity–magnetic joint modelling has
been carried out along proBle A–A0.
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predominant contributor for the gravity low. The
wavelength of the anomaly (*20 km) also suggest
causative source for the low at basement level. But
the thickness of the sediment may also be con-
tributing factor. Further, E–W trend of gravity
contours is observed in the north of Cherllapalli
and south of Peddadornala with a moderate gra-
dient. This E–W trending feature is inferred to be a
structural fault (F1–F10) separating moderate
gravity high GMH1 in the north and GL2 in the
south. Rock samples with higher density values
have been found over GMH1. These gravity values
may be attributed due to the occurrence of high-
density litho-units or due to gravity faulting with
the northern part as an upthrown block.

4.3 Magnetic anomaly map

The RTE Blter was applied on the Total Magnetic
Intensity (TMI) grid and the resultant anomaly
map is produced in Bgure 6. Some distinct anomaly
zone can be identiBed from the RTE map. The
anomaly zone, M–I, at the southern part of
the study area is a prominent low, which indicates
the presence of magnetic minerals in the sediments,
but wavelength suggests that the causative source

is deeper. Another high magnetic anomaly zone
M–VI at northern part suggests the presence of a
rock unit with diamagnetic properties. There are
other moderate frequency anomalies with low and
high amplitude, which are marked in Bgure 6. In
general, northern part of the study area is domi-
nated by moderate to high magnetic anomalies.
Similarly, southeastern part is dominated by
moderately high anomalies. A conspicuous mag-
netic low to moderately low zone runs almost
NE–SW direction from Cumbum to Donakonda.
The change in moderately high anomaly to mod-
erately low anomaly across MAC–MAC0 possibly
indicates the change of basement characteristic in
terms of magnetic property.

4.4 Spectral analysis of gravity and magnetic
data

The power spectrums for both gravity and
magnetic data are shown in Bgure 7. Two linear
slope segments have been delineated from gravity
spectrum (Bgure 7a) with depth to the interfaces at
4.8 and 1.4 km, respectively. Similarly, the mag-
netic spectrum (Bgure 7b) also shows two linear
slope segments delineating depths to the magnetic
interfaces at 4.2 and 1.4 km, respectively. The
density and magnetic interface near 4.2 or 4.8 km
possibly indicate the mean average depth to the
basement. The interface at 1.4 km possibly indi-
cates the mean depth of some high-density units
such as rock units of NSB.

4.5 Regional and residual gravity anomaly

The amplitude and geometry of Bouguer Gravity
Anomaly (BGA) are the cumulative contributions
from different sources at different depths and
physical contrast between the source body and
surrounding. Residual and regional data separation
of gravity anomalies has been carried out to
delineate short wavelength anomaly from long
wavelength regional features. The purpose of the
residual map is to explain gravity highs and lows in
terms of exposed geological features and also in
deBning the subsurface geometry of the exposed
geological units. The residual anomaly map
enhances the short wavelength/high frequency
caused by shallow and local features. Whereas, the
regional anomaly map enhances the long wave-
length/low-frequency, which origantes from dipper
and regional features. Different techniques are

Figure 6. Magnetic anomaly map after applying RTE Blter.
1: Nellore Schist Belt (NSB); 2: Baironkonda Formation;
3: Cumbum Formation. ProBles A–A0 and B–B0 have been
selected for study of gravity–magnetic responses. Grav-
ity–magnetic joint modelling has been carried out along
proBle A–A0.
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available for carrying out regional and residual
separation of potential data, such as visual analy-
sis, upward continuation, trend analysis and
wavenumber analysis (Gupta and Ramani 1980;
Mandal et al. 2015; Chowdari et al. 2017).
For the present study, regional component has

been computed by applying low paas Blter to the
Bouguer gravity grid. The cut-oA wavelength
(12 km) for pass band was selected based on the
spectral analysis of the data. The map (Bgure 8)
shows moderate to high gravity anomaly (GRMH-
1) in eastern part and moderate gravity anomalies

(GRM-1 and GRM-2) in central part and low
gravity anomalies (GRL1 and GRL2) in SW part of
the study area. There is a systematic increase of
gravity values from SW to NE. It may suggest a
change of the basement characteristic from silicic
to maBc. The gravity linear zone GRL-2 may
indicate litho contact separating silicic and maBc
basement. At SE part, a NE–SW trending linear
gradient zone (GRL-1) is observed. It may indicate
a structural feature (fault/thrust). The southern
part of GRL-1 is represented by high gravity zone
(GRH-1) which may indicate contributions of high
density rock units belonging to NSB and high
density basement underneath of NSB. The regional
gravity lows (GRL-1, GRL-2) can be attributed to
granitic intrusion within the silicic basement. At
northwestern corner, moderately high anomaly
zone is observed which may indicate high density
intrusion within the silicic basement.
The residual gravity data is computed by using a

Butterworth bandpass Blter. The cut-oA frequen-
cies are selected from the spectral analysis of the
gravity data as 10 and 1 km. The residual gravity
map (Bgure 9) expresses the contribution from
shallower sources and its magnitude varies from

Figure 7. Radial averaged power spectrum derived from
(a) gravity data and (b) magnetic data.

Figure 8. Regional gravity map derived by applying low-pass
Blter to the Bouguer gravity map. GRL: Gravity Regional
Low; GRM: Gravity Regional Moderate; GRMH: Gravity
Regional Moderately High. ProBles A–A0 and B–B0 have been
selected for study of gravity–magnetic responses. Gravity–
magnetic joint modelling has been carried out along proBle
A–A0.
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–8 to 9 mGal. The residual gravity map shows
numbers of high frequency low and high ampli-
tude anomalies. The prominent gravity highs
are marked in Bgure 9 by black dashed line as the
residual gravity highs are important for sulphide
mineralization or base metal exploration for the
study area. A conspicuous residual gravity high at
the northern and southern parts of Markapur
seems to be prospectus zone for the mineral
occurrence. It is well corroborated by density
and susceptibility image. There are also some
prominent highs in the southeastern part over NSB.

4.6 Horizontal gradient of gravity data

The horizontal gradient of gravity data has
facilitated to demarcate lateral density inhomo-
geneities of shallow vertical extension. The
boundaries of the moderate to high gradient zones
are marked (Bgure 10a). The demarcated bound-
aries in many cases corroborate well with surface
lithology. A correlation study with the geology
map reveals that the boundaries of the high
gradient zones corroborate well with exposed
quartzites (Bgure 10b).

4.7 Gravity and magnetic response
along proBles A–A0 and B–B0

ProBles A–A0 and B–B0 are selected to study the
Bouguer gravity, residual gravity, regional gravity
and RTE magnetic responses over different geo-
logical formations (Bgure 2). Gravity, residual
gravity, regional gravity and RTE magnetic
responses over the geological section along A–A0

and B–B0 are presented in Bgure 11.
The gravity values in proBle A–A0 (Bgure 11a)

show that total variation is from –99 to –73 mGal.
A gravity low (GL-I) of *20 km wavelength is
observed in NW part of the proBle over quartzite
and shale. The wavelength and pattern of the
anomaly suggest that causative source is deeper,
may be low density intrusive within the basement.

Figure 9. Residual gravity map. Residual gravity high zones
are demarcated by black dotted line (see text for details).
1: Nellore Schist Belt (NSB); 2: Baironkonda Formation;
3: Cumbum Formation. ProBles A–A0 and B–B0 have been
selected for study of gravity and magnetic responses. Gravity–
magnetic joint modelling has been carried out along proBle
A–A0.

Figure 10. (a) Horizontal gradient of gravity grid. (b) Super-
imposed image of horizontal gradient of gravity data and
geological map (50% transparency). 1: Nellore Schist Belt
(NSB); 2: Baironkonda Formation; 3: Cumbum Formation.
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The gravity value increases with a moderate
gradient (GG) in further SE direction. The mod-
erate to high gravity is observed over NSB (GH).
The second gravity low (GL-II) is of comparatively
shorter wavelength, which is observed at the
vicinity of the thrust zone. This low is reCected in
both residual and regional components, which
indicate extension of the causative source anomaly
to deeper level. The prominent anomalies of Bou-
guer gravity proBles (GL-I, GL-II, GG and GH) are
also reCected in regional gravity proBle. It indicates
that prominent anomalies are caused by sources at
deeper depth. The overall increase of gravity value
(both in Bouguer Gravity proBle and Regional
Gravity proBle) towards SE part indicates change
in basement characteristic terms of density and
the probably gneissic basement is replaced by the
maBc basement of EGMB Group of rocks. Mag-
netic proBle anomaly does not register any con-
spicuous variation except at NW part, where a
sharp rise is observed.
The gravity values in proBle B–B0 (Bgure 11b)

exhibit systematic increase of Bouger gravity value

from SW to NE with variation from –112 to –83
mGal. The regional gravity proBle follows the same
trend. It indicates major contributions to the
Bouguer gravity is accounted by sources at deepr
depth. Probably density variation within the
basement made a major contribution to the Bou-
guer gravity proBle. Central part of the proBle
marked within black dashed line (Bgure 11b) shows
presence of high frequency component, which is
corroborated with large variation in residual
gravity Beld and RTE magnetic anomaly. It may
indicate presence of altered zone in central part of
the proBle at shallow depth under the sediment
cover.

4.8 Joint gravity–magnetic modelling

The crustal architecture, along proBle A–A0

(Bgure 11a) running in NW–SE direction
(Bgure 2), has been obtained by joint gravity–
magnetic modelling. The proBle orientation is
appropriate to study the interface of CB and NSB
as it cuts across the anomaly trends caused due to

Figure 11. Gravity and magnetic responses over different geological formations along (a) proBle A–A0 and (b) proBle B–B0.
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major tectonic domains and geological formations.
Generally, a crustal model derived using potential
Beld data suffers from non-uniqueness. A joint
gravity and magnetic modelling reduces the
ambiguity and results in a more reliable crustal
model, which can bring a new perspective to the
geological understanding of the area (Ramadass
et al. 2006; Radhakrishna et al. 2012; Hinze et al.
2013; Singh et al. 2014; Rao et al. 2018; Ganguli
et al. 2019). To negate the non-uniqueness issue,
further we tried to constrain the model from the
results of seismic studies, spectral analysis of the
gravity and magnetic data, measured density and
susceptibility values of the rock samples. Here,
initially, forward modelling has been performed
using GM-SYS software (Geosoft Inc. 2004),
assuming common source for both gravity and
magnetic anomalies and by synergistically com-
bining the information compatible with both the
data sets. The crustal model was generated by
forwarding modelling, which was iteratively modi-
Bed to obtain a satisfactory Bt to the observed
gravity and magnetic data. Then the model
parameters are jointly inverted using joint inver-
sion routine available in the software (GM-SYS) to
make small changes in the model parameters to
obtain an optimal Bt to the observed data.
The computational algorithm of the joint

gravity–magnetic modelling of GM-SYS is derived
from the methods of Talwani et al. (1959) and
Talwani and Heirtzler (1964). The inversion is
made using algorithm of Marquardt (1963). The
software incorporates gravity–magnetic programs
developed by the U.S. Geological Survey and also
Semi-Automated Marquardt Inversion code
(SAKI) (Webring 1985).
The proBle runs in NW–SE direction for a length

of 70 km (Bgure 12). Considering the length of the
proBle and wavelength of the anomalies, a crustal
section of 20 km depth extension was selected for
modelling. The initial crustal conBguration is con-
strained from velocity depth section of Seismic
ProBle-2 (Kaila and Tewari 1985). Initially, we
have Bxed the upper crustal depth at *10 km
according to the velocity–depth section. The seis-
mic section provided by Chandrakala et al. (2013)
shows a mid-crustal layer, which is characterized
by a velocity of 6.4 km/sec. The corresponding
density value is 2900 kg m�3 following the
equation d = 0.541 + 0.3601Vp (Christensen and
Mooney 1995). The formula was derived for crys-
talline crustal rocks. Singh and Mishra (2002)
derived basement density as 2750 kg m�3 from
linear optimization of velocity–density relationship
provided by Barton (1986). So, the initial base-
ment density was assumed as 2750 kg m�3. The

Block No 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Density in 
kg.m-3

2680.0 2630.0 2640.00 2590.0 2580.0 2720.0 2620.0 2620.0 2781.50 2620.0 2760.0 2660.0 2720.0 2900.0

Susceptibility
in SI unit

-0.175 0.0001 0.0300 0.0295 -0.001 0.0259 0.0195 0.0292 0.0172 0.0486 0.0100 -0.029 0.0050 0.0010

Location of seismic profile-2
crossing at AA/ 

A/ A 

Figure 12. Joint gravity–magnetic model along proBle A–A0. The model parameters for each block is provided in the legend.
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density of upper crustal sedimentary unit was
assigned in consultation with the measured density
value of different rocks. The susceptibility values
for the upper crustal layer were initially considered
between 0.0002 and 0.00001 SI units based on the
measured susceptibility values of the rocks sam-
ples. However, later on, both density and suscep-
tibility values were calibrated for minimizing the
error between the observed and calculated
anomaly.
A careful observation of the gravity proBle

shows a moderate gravity gradient at the SE
portion of the proBle. It is more prominent in
regional proBle (Bgure 11a) and high-frequency
signals are superimposed on this trend. The gra-
dient is interpreted in terms of change of base-
ment characteristic underneath the sediments.
The model shows (Bgure 12) that the basement
(block-13), at NW part of the proBle, is charac-
terized by a litho-unit with density (D)
2720 kg m�3 and susceptibility (S) 0.005 SI. It is
replaced by denser litho-unit (block 11) of maBc
nature towards SE part of the proBle. This
implicates a change in the nature of basement
characteristics and silicic (granitic–gneissic)
basement in NW part is replaced by maBc base-
ment (charnockitic) in the SE part. The gravity
low ‘GL-I’ is attributed by low density intrusive
(block-12, probably granitic) within the basement
overlaid by low-density sediments (block-2). The
short wavelength low gravity anomaly (GL-II) is
caused by low density litho-unit (blocks 4 and 5)
lying over another low density litho-unit (block-
10) probably granitic rock. The magmatic activity
as indicated by granitic intrusion within the
basement might have triggered extensional regime
and graben like structure was created upon which
sedimentation took place. Comparatively lower
density of the sediments may be indicating shaley
nature of the sediments. The litho-unit extends up
to *6.0 km depth.
In the north-western part of the proBle, the

magnetic high associated with moderate gravity
high (GMH-I) indicates the presence of moderate
density (D: 2680 kg m�3) litho-unit of diamagnetic
nature (S: –0.174 SI). It probably indicates the
presence of quartzite. The gravity gradient (GG) is
accounted by a sedimentary unit of maBc nature
and change in underneath basement density. The
SE part of the proBle shows the presence of an
assemblage of moderate to high-density litho-units
of maBc character. The assemblage represents
Nellore Schist Belt (NSB). The model further

shows the occurrence of shallow maBc basement
underneath NSB.

5. Discussions

The regional geotectonic feature of the study area
includes eastern part of CB and Nellore Schist Belt
(NSB). It is generally believed that CB is con-
spicuously bounded by two deep seated fault Blled
with succession of igneous and Proterozoic rock
that rest over granitic–gneissic basement (Saha
and Tripathy 2012; Pandey et al. 2018). The upper
crustal model derived from the joint gravity–mag-
netic modelling has provided new insights on the
nature and geometery of sedimentary rocks and
underneath basement. The regional gravity map
(Bgure 8) shows that there is a systematic increase
in Bouguer gravity values from west to east. It
indicates the change in basement characteristics.
The modelling indicates silicic basement in NW
part, which is replaced by maBc basement in SE
part of the study area. The systematic increase of
gravity value towards the east also indicates a
decrease in basement depth. Most of the velocity
sections across eastern margin of CB clearly indi-
cates thick sediments below the Nallamalai Fold
Belt (NFB, Kaila et al. 1979; Kaila and Tewari
1985; Chandrakala et al. 2015) overlying the
granitic gneiss basement of Dharwar, while the
basement is shallow and of maBc beneath the NSB
due to upthrusting of higher velocity and higher
density lower crustal material at shallow depth.
The present study indicates possible occurrence of
high-density EGMB crust below the eastern fringe
of CB. The eastern fringe of CB is geologically
marked as NSB. So, our study indicates possible
occurrence of EGMB crust under the cover of NSB.
The seimic velocity structure along seimic proBle-2
(Kaila and Tiwari 1985) indicates eastward dip
below NSB and up-thrusted feature below EGMB.
The eastward dip is not evident in our grav-
ity–magnetic model, but the contact of silicic and
maBc basement appears to be faulted and may
indicate up-thrusted basement of EGMB.
The CB is a sedimentary-volcanic sequence

composed of sediments, both intrusive and extru-
sive igneous bodies. Compressional and extensional
tectonics are attributed for the development of the
basin (Chetty 2011; Mishra 2011; Chandrakala
et al. 2013). The southwestern part of the regional
gravity map (Bgure 8) is characterized by gravity
low and it indicates possible occurrence of a
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granitic intrusive rock unit. The CB is character-
ized by intermittent magmatic activity; however,
subaerial basaltic lavas and sills of Paleoprotero-
zoic age parallel to the margin are only exposed in
the western part of the CB (Anand et al. 2003).
Reported age of granitic intrusives in the eastern
margin of Nallamalai Fold Belt (NFB) is 1584 Ma
(Crawford and Compston 1973; Saha and Chak-
raborti 2007). The granitic body as evinced by
the regional gravity map may be of the same age.
The gravity contour pattern over the gravity low
(Bgure 5) perturbs the NE–SW trending contour
associated with thrusted contact of NSB–NFB. It
implies that the age of the intrusive is younger than
the thrust. So, our study shows evidence of mag-
matic activity well within and underneath the CB,
which may have played a role in the evolution of
the basin. The granitic intrusive within the base-
ment indicates repeated magmatism in the area.
The absence of silicic upper crust in SE part of the
study area and repeated magmatism indicate that
the area was subjected to a deep-seated thermal
anomaly (Mall et al. 2008; Chandrakala et al.
2015).
The previous geophysical model derived from

gravity and seismic data across CB revelaed
homogeneous nature of Cuddapah sediments
(Singh and Mishra 2002; Chandrakala et al. 2015)
in terms of density and seismic velocity. The 2-D
gravity modelling constrained from newly available
seismic velocity structure across CB was carried
out by Pandey et al. (2018). The model shows
density of Cuddapah sediments varies from 2550 to
2690 kg m�3. The present study with joint grav-
ity–magnetic modelling reveals that nature of
Cuddapah sediments varies both in terms of den-
sity and magnetic property. The basement depth
varies considerably from *1.5 to *6.5 km. The
seismic study by Chandrakala et al. (2015) indi-
cated maximum thickness of the Cuddapah sedi-
ments as *4.0 km. The present study indicates
more thickness of the sediments.
We have tried to make a corroborative study

based on gravity and magnetic anomalies. The
boundaries of the different anomalies delineated
from different data source have been placed in the
same Bgure to generate a composite map
(Bgure 13). It is found in many cases that the
boundaries of residual gravity high (RGH) and
magnetic (RTE) anomalies have very good cor-
roboration. The magnetic anomaly zone M-I and
M-II (Bgure 6) encompasses RGH (Bgure 9).
However, RGH at north and western part of

Markapur is not associated with a magnetic
anomaly. The magnetic anomaly zone M-IV
(Bgure 6) is associated with RGH (Bgure 9). Mag-
netic moderate zone M-VIII and M-IX are encom-
passing RGH. The magnetic and gravity anomaly
pattern suggest that area encompassed by M-II and
M-II is a potential zone for sulphide mineralization
or base metals.

6. Conclusions

The study shows that gravity magnetic survey has
provided significant insights into the shallow
crustal architecture and tectonics of the eastern
margin of CB. The thrusted contact of NSB and
Cuddapah sediments has been well delineated in
the gravity map. The moderate to high Bouguer
gravity anomaly zones in eastern and southeastern
parts of the study area are attributed to the maBc
basement. It indicates that the maBc basement
(EGMB) is probably extended beneath the Cud-
dapah sediments. The study area had experienced
both compressional and extensional tectonics as

Figure 13. Composite map showing structure and boundaries
of residual high gravity anomalies and magnetic anomaly
delineated from gravity and magnetic data. MAC–MAC0:
curvilinear feature has inferred which depicts change magnetic
property of the basement.
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well as magmatic activity. The horizontal gradient
map has enabled to delineate the contacts of litho-
units of shallow occurrence. Through residual
gravity analysis, high density concealed rocks are
delineated. The integrated study shows a good
corroboration of residual gravity with magnetic
anomalies. Based on this study, the area sur-
rounding Cumbum has been identiBed for mineral
investigation. A conspicuous residual gravity high
at the northern and southern parts of Markapur
seems to be prospective zone for the mineral
occurrences. From the interpretation of gravity–
magnetic maps some new structural features have
also been delineated.
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