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The eastern margin of the Chitradurga Schist Belt is widely believed as the dividing line of Dharwar
Craton (DC) into Western Dharwar Craton (WDC) and Eastern Dharwar Craton (EDC). This study
aims at re-deBning the division of DC based on pronounced gravity high encompassing Chitradurga Schist
Belt of WDC and Closepet granite to Ramgiri–Penackacherla Schist Belt of EDC. The newly acquired
high-resolution gravity data by the Geological Survey of India covering the Chitradurga Schist Belt and
adjoining areas coupled with the available regional gravity data gives ample opportunity to understand
divisions and opens up the possibility of grouping Chitradurga Schist Belt with the transitory block
between WDC and EDC. This new data clearly suggests that there is a crustal sub-block between WDC
and EDC and the boundaries are characterized with significant gravity signatures. Further, this data
indicates that the Brst division should be at the end of Shimoga–Bababudan Schist Belts up to the arms of
Chitradurga Schist Belt, with a significant and corroborative observation of deep crustal rocks in the form
of the Sargur group of rocks. From this division to a narrow corridor of gravity lows bounded with high
gravity gradients, representing a possible suture zone near Ramagiri–Penackacherla Schist Belt, is the
suggested geographic disposition of Central Dharwar Craton (CDC). Similarly, a corridor of gravity lows
bounded with gravity high gradients is identiBed as a possible subducting zone separating CDC and EDC
between Ramagiri–Penackacherla Schist Belt and Kolar Schist belt. The above postulation has evidence
from the Bve long proBles of 330 km (75°–78°E), separated with 300 interval, from the gridded new data. It
is clearly seen that the major changes in the crustal architecture are around the intervening portions of
Shimoga–Chitradurga Schist belts and end of RPSB, characterized with sharp paired anomalies. In
comparison, only small changes were highlighting the eastern margin of the Chitradurga Schist Belt.
Processed maps suggested the possibility of hitherto unknown ancient suture zone east of
Ramagiri–Penackacherla Schist Belt in the form of a narrow zone of gravity lows, not related to surface
geology. Accordingly, gravity models are proposed after Bxing the regional Beld from the 5th order
polynomial. A comparative study is made with the published seismic studies. Accretionary models of DC
along 14°N and 14°300 N are proposed from the gravity signatures.
Keywords. Bouguer gravity Beld; Dharwar Craton; accretionary zone; status of Chitradurga Schist
Belt.
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1. Introduction
Tectonic boundaries leave distinct imprints in
gravity maps owing to variations in petrophysical
characters of crustal sub-blocks. Besides the nature of
crust, gravity signatures are also inCuenced by differences in the layering of metamorphic grades of the
crust (Fountain and Salisbury 1981). Identifying
tectonic divisions is quite significant in having an
overall understanding of the geology and structures of
shield areas. Shield areas are mosaic of different
provinces, probably of different ages. Other than by
dating each province, boundaries between these
provinces are clearly identiBed as truncation of
anomalies of equal character and abrupt rise/fall in
regional gravity values (Gibb and Thomas 1976;
Thomas et al. 1988; Singh et al. 2004; Mishra and
Ravikumar 2014; Guo and Gao 2018). Secondly,
identifying deeply eroded ancient suture zones is
difBcult due to continuous convergence and successive reactivation as they restrict them to narrow
zones and obliterate the record of high-pressure
metamorphism and thus boundaries deBned by
gravity signatures need not match with terranes
marked with changes in lithostratigraphy (Alexandra
et al. 2014). Another significant factor is the manifestation of the accreted portions with the corridor of
gravity lows which are preserved and have no surface
geological expression (Franco and Abbot 1999).
Amongst the cratons of the Indian shield area,
DC (Bgure 1) occupies an important place in Indian
geology by virtue of its vastness occupying about
0.5 million km2 area in its exposed part. This is also
believed to extend underneath Deccan Volcanic
Province to its north-western end (Ramakrishnan
and Vaidyanathan 2008; Roy 2012) and possibly
occupies a much larger area up to the central
Indian tectonic zone (Sarkar et al. 2003; Senthil
Kumar et al. 2007; Roy and Mareshal 2011). In DC,
Chitradurga Schist Belt is prominent due to its
extent, location and exhibits a complete succession
of cratonic rocks making it a remarkable geological
entity of South India. A prominent issue related to
DC is its tectonic divisions based on age, composition and mutual relation of cover with basement
rocks. The main division, initially thought to be
around Closepet Granite (Swaminath et al. 1976),
later on, modiBed to be along the eastern margin of
Chitradurga Schist Belt (Kaila et al. 1979; Rogers
1986; Gokaran et al. 2004; Singh et al. 2004).
Studies based on gravity and geochronology suggest a transition zone between WDC and EDC
(Srinivasan and Sreenivas 1972; Rama Rao et al.
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2011, 2020; Jayananda et al. 2013a, 2020). As more
and more data are emerging, particularly the systematic gravity and magnetic coverage in regional
scales, a comprehensive understanding of DC in
general and the status of Chitradurga Schist Belt,
in particular, has been possible adding value to the
current understanding of this area.
The prominence of the Chitradurga Schist Belt
is many folds and fascinating. Many interesting
aspects include: Is this an ancient suture? (Naqvi
1985; Gokaran et al. 2004), it has a unique tectonostratigraphy of anticline Canked by two synclines
(Mukhopadhyay et al. 1981) and shows variable
subsidence of basement possibly due to rifting
(Chadwick et al. 1981). Further, it has a duplex
structure with huge thickness due to overturning
on large scale folds and stacking (Chadwick et al.
2003), its long and well-characterized mylonotized
eastern margin is reported as the tectonic amalgamation of two blocks (Sengupta and Roy 2012)
and is reported with shear-controlled gold mineralization (Mohakul et al. 2020). Further, its eastern
margin is thought to be the tectonic division of
Dharwar Craton (Kaila et al. 1979; Gokaran et al.
2004; Jayananda et al. 2013a). However, ConCicting views exist about the accretionary model for
DC along eastern margin of Chitradurga Schist
Belt (Gokaran et al. 2004; Jayananda et al. 2013b;
Mandal et al. 2018; Bhaskara Rao et al. 2019).
While studying the gravity features of DC-based
on the Regional Gravity Map Series of India (GMSI
2006; Rama Rao et al. 2020), it has come out
strikingly clear that gravity anomalies do not completely agree with the existing geological knowledge
towards the extent and divisions of DC. The twodimensional gravity high zone in the central part of
DC and extending for the length of over 4° latitude
distance, encompassing Chitradurga Schist Belt and
Closepet Granite and near absence of perceptible
changes in gravity Beld along the eastern margin of
Chitradurga Schist Belt opened up the validity of
accepted division of DC. It is felt that the new and
high-resolution geophysical data would more clearly
deBne the divisions of DC. Secondly, the conCicting
views on the accretionary model of DC regarding
direction and positions are still not conclusive.
Understanding the coupled evolution of the crustmantle system, craton formation and tectonics of
early Earth are essential to understand processes
involved in building continents and exploration of
mineral resources (Jayananda et al. 2020). The
Dharwar craton being one of the largest preserved
Archean continental fragment with a wide time
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Figure 1. Archaean cratons of India. Dharwar Craton is shown as three crustal sub-blocks (after Jayananda et al. 2020).

window to study geological and tectonic history,
the inferences drawn out of the analysis of highresolution gravity data assume importance.
In this study, based on the new gravity data of
the central part of DC, the main boundaries in the
craton are identiBed. The processing of data has
facilitated in evolving the accretionary model of
this area. For the global perspective of proposed
tectonic divisions of DC, between older and
younger provinces, a comparative study is
attempted here with Canadian shield (Gibb and
Thomas 1976). Remarkable consistency is seen in
the form of an abrupt rise in gravity values over the
younger provinces, though on the surface there is
no change in the lithology. Secondly, the boundaries are clearly marked with a narrow but
continuous zone of gravity lows.
1.1 Geological studies
Deep crustal rocks exposed in the craton, coinciding with deep faults, exhibiting a different pattern
of metamorphic grade and age corroborated with

distinct Bouguer gravity anomaly pattern indicating dipping basement are the evidence of collision
zones within the craton (Fountain and Salisbury
1981). Geological studies carried out in DC have
indicated the differences in composition, age,
metamorphism, deformation, nature and abundance of greenstone belts, granitization and dyke
activity on either side of Chitradurga Schist Belt
and accordingly, the division of craton along the
eastern margin of Chitradurga Schist Belt is proposed (Bgure 2, Ramakrishnan and Vaidyanathan
2008). This division has evolved over earlier
thought that Closepet Granite is the dividing line
of DC as western and eastern parts (Swaminath
and Ramakrishnan 1981). Detailed Beld and
structural studies indicated a sinistral shear zone
from Gadag in the north to Mandya in the south
and are thought to be the dividing line of WDC and
EDC (Sengupta and Roy 2012). Complete geological history and evolutionary processes of DC are
reviewed and compared with Kaapvaal Craton of
South Africa for possible implications of global
tectonics (Sunder Raju et al. 2014). Considering
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Figure 2. Regional geological map of central part of Dharwar Craton showing the major geological domains and the major
tectonic division as Chitradurga Shear Zone at the eastern contact of Chitradurga Schist Belt (Jayananda et al. 2013a). For the
purpose of comparative studies, the chosen seismic sections, cutting across the Dharwar Craton, through Chitradurga Schist Belt
are shown.

the geochronological data of U–Pb zircon ages and
Nd isotope and regional metamorphism, these
divisions are further improved from the two crustal
blocks to three provinces; Western Dharwar Craton (WDC) with dominant old crust (3.4–3.2 Ga),
Central Dharwar Craton with both old and
younger crust (3.4–3.2 Ga and 2.56–2.52 Ga) and
Eastern Dharwar Craton (EDC) with mainly
younger crust (2.7–2.52 Ga) (Jayananda et al.
2013a). The emphasis is still on the steep shear
zone along the eastern margin of the Chitradurga
Schist Belt as the boundary between WDC and

CDC (Chardon et al. 2008; Jayananda et al.
2013a). Two major episodes of crustal accretion
during 3.45–3.17 Ga and 2.7–2.5 Ga are postulated
in DC based on recent data on geology and age
relationships (Bhaskara Rao et al. 2019). On the
other hand, detailed geological and structural
studies in the southern part of the Chitradurga
Schist Belt indicated that volcanic and sedimentary rocks show characteristics of a narrow basin in
the failed rift zone rather than an accretionary
prism evolving during the subduction process
(Sreehari and Toyoshima 2020).
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1.2 Geophysical studies
The geophysical studies carried out so far are
mainly two-fold: (a) regional assessment of DC and
Chitradurga Schist Belt; its evolution and structural aspects, the nature of the crust and the
composition of crustal rocks; (b) area-speciBc
detailed geophysical surveys to aid the overall
mineral exploration in this potentially mineralized
belt (Ramachandran et al. 1997, 2000; Rama Rao
et al. 2015).
Systematic geophysical mapping, particularly
with potential methods like, airborne magnetic
surveys, airborne-radiometric surveys, surface
gravity and magnetic surveys have great utility in
geological and structural mapping. These surveys
being two-dimensional, eAectively bring out the
features both laterally and in the third dimension.
Besides, the regional geological and structural
inferences reCecting the surface features, gravity
anomalies play a vital role in delineating the collision tectonics (Gibb and Thomas 1976; Kaila and
Bhatia 1981; Subrahmanyam and Verma 1982;
Cordell and Grauch 1985; Thomas et al. 1988;
Krogstad et al. 1989; Anand and Rajaram 2002;
Singh et al. 2004; Shandini and Tadjou 2010; Mishra and Ravikumar 2014). With the advent of high
precision equipment, the ability to record small
order anomalies, which have a direct bearing on
mapping the surface and near-surface geological
domains, has been possible (Rama Rao et al.
2013, 2015). Secondly, there is marked improvement in data processing techniques which can give
meaningful inferences. Without downgrading the
importance of line based geophysical data generation particularly the seismic methods, it is a known
fact that gravity and magnetic surveys being
potential methods occupy prominence in the
geological and structural mapping (Whitaker 1994).
Deep seismic studies have established two faults
on either side of the Chitradurga Schist Belt; the
western contact as a deep fault and the eastern
contact indicating of low-angle reverse fault all
along the eastern margin of schist belt, triggering
the re-classiBcation of a division of DC (Kaila et al.
1979, 1992; Gibbs 1986). The division of DC along
Chitradurga Shear Zone is also inferred from
characteristic aeromagnetic signatures (Anand and
Rajaram 2002; Rajaram and Anand 2014). Recent
seismic studies across Chitradurga Schist Belt from
Chikmagalur in WDC to Perur in EDC have
indicated the difference in reCectivity patterns in
WDC to EDC and the collision boundary to be
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under Closepet Granite (Mandal et al. 2018). These
seismic studies and the other regional geophysical
approach so far have taken the view that the
eastern margin of Chitradurga Schist Belt is the
major tectonic division of the DC. However, some
conCicting views were expressed based on Poisson’s
ratio variations deduced from broadband seismic
studies, suggesting gradational transformation
from thicker crust beneath WDC to relatively
thinner crust beneath EDC, with the transition
from Chitradurga Shear Zone to Closepet Granite
(Gupta et al. 2003; Sarkar et al. 2003). Geo-electric
studies have more or less gone along the lines of
seismic studies, identifying Archaean age suture
along Chitradurga Shear Zone being the dividing
line of DC (Gokaran et al. 2004).
The eastern margin of the Chitradurga Schist
Belt is mapped as a thrust fault with series of
gravity highs and lows attributed as tectonic division (Bhagya and Ramadass 2016). A somewhat
different view is expressed by them based on the
inversion of regional Bouguer gravity data where
they have concluded that the Chitradurga fault
extends to the gneissic basement only (Ramadass
and Bhagya 2016). While studying the regional
gravity data Rama Rao et al. (2011, 2020), however
felt that there is scope for modifying the divisions
of the DC and proposed two more divisions as
Central Dharwar Craton (CDC) after WDC and
further EDC should be seen as EDC 1 and EDC 2
considering that entire EDC has no similar anomaly pattern. A comparative view with the recent
classiBcation of DC-based on geological studies and
based on regional gravity studies is presented in
Bgure 3. To sum up the above geological and geophysical studies, it is apparent that there is still a
conCict of opinion about the division of DC and
accretion models.

1.3 Present data sets and processing
For the purpose of drawing regional inferences, the
5 mGal Bouguer gravity data compiled and regridded under the Gravity Map Series of India is
utilized. This data was mainly considered for the
assessment of tectonic divisions of DC. Further,
the central part of DC occupying about 75,000 km2
area, the object of study in this work, is studied
with the recent and high-resolution gravity data
generated by the Geological Survey of India under
National Geophysical Mapping. This data is generated in a topo-sheet scale (1:50,000) with an
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Figure 3. Regional aspects of Dharwar Craton. Central Dharwar Craton is perceived to be extending from Chitradurga shear zone to Kolar–Kadiri–Hungund greenstone belts,
including Closepet Granite (Baidyananda et al. 2011; Jayananda et al. 2013a; Peucat J-J et al. 2013) (A). In contrast to this division, analysis of nature and pattern of gravity
anomalies of south Indian shield area has led to the division of Dharwar Craton as essentially four domains as WDC up to the western margin of Chitradurga Schist Belt, CDC up
to the eastern margin of Ramagiri–Penackacherla Schist Belt and EDC is seen as two parts; EDC 1 and EDC 2 (Rama Rao et al. 2020) (B). Regional gravity proBles across South
Indian Shield. A major gravity high zone depicting the disposition of CDC occupied by Closepet granite as major geological domain (C).
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Figure 4. Gravity image of the central part of Dharwar Craton. Data Source: Project; National Geophysical Mapping, Geological
Survey of India. This Map shows broadly three domains; western from 75° to 76°300 E, central from 76°300 to 77°300 E and the
Eastern part beyond 77°300 E as seen at 13°N. Significantly, this map brings out the contact zones of the sub-blocks (A, B, C, D).
The main inference is the imprint of possible suture zone, between C and D in the form of gravity low closures bounded by high
gravity gradient zones separating CDC and EDC.

average station density of 275–350 stations per
each topo-sheet occupying about 720 km2. Considering all possible errors, the accuracy of the data
generated was up to repeatability of 0.05 mGal.
The random data were gridded at 1000 m and Bouguer
gravity proBles are generated at regular interval.

2. High resolution gravity data of Dharwar
Craton
So far, the gravity inferences drawn about DC are
based on regional gravity data with about 1 mGal
resolution and average station density of 10 km,
restraining the inferences to broad understanding
(NGRI 1978; GMSI 2006). Many significant contributions towards the understanding of DC and its
important domains were derived from the analysis
of regional gravity data (Subrahmanyam and
Verma 1982; Kesavamani et al. 1997; Singh and
Mishra 2002; Ramdass et al. 2003, 2006; Mishra et al.
2008, 2011; Rama Rao et al. 2011, 2017, 2020; Niraj
Kumar et al. 2013; Bhagya and Ramdass 2016).
Here, we present the gravity image of the central
part of DC and its salient features with the new

high-resolution data. The composite gravity image
of the area is presented in Bgure 4. Gravity image
of about 75,000 km2 between the longitudes
75°–78°E and latitudes 13°–15°300 N, centring
around Chitradurga Schist Belt, prepared for 1
mGal resolution, for the high-density data collected systematically with international standards,
connected to IGSN-71 base and assuming the mean
crustal density of 2670 kg/m3, eAectively brought
out the disposition of geological units and structural features. This map generally shows three
domains; the western as gravity lows and moderate
highs, the central block populated with linear and
predominant gravity highs and the eastern block
more or less with gravity low zones. The causative
sources for the above general observation have to
be due to both nature of upper crustal rocks and
the deep geology and structures. Gravity lows are
classiBed into two categories, major lows reCecting
the granite–gneissic rocks and low closures due to
intrusive granites (Closepet equivalent). Similarly,
gravity highs can be seen as two categories; high
frequency and magnitude anomalies due to schistose rocks and relatively broad highs in the central
part, those could be attributed to lower crust/
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Figure 5. Horizontal derivative (dx, dy) and Brst vertical derivative (dz) of gravity map of the central part of Dharwar Craton. Both the components of horizontal gradient show
high frequency and alternate bands of highs and lows in the central part of Dharwar Craton. These anomalies are obscuring the imprint of the tectonic division of DC. The
vertical derivative highlights narrow but significant low zones possibly suggesting ancient suture zones.
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Figure 6. Bouguer gravity proBles (blue line) from the gridded data and its Bfth-order polynomial regional (red line) are plotted
along with the geographic position of main geological units for every 300 interval indicate the architecture of craton in its central
part. The regional gravity Beld has clearly demarcated two highs one over the schist belts of WDC and prominent high over
Chitradurga Schist Belt, Closepet Granite and Ramagiri–Penackacherla Schist Belt marking the area as a distinct crustal subblock, Central Dharwar Craton (CDC). Between these blocks, a narrow transitory zone is seen as ‘w’ shaped anomalous zone
starting from the end of the Shimoga Schist Belt to the beginning of the Chitradurga Schist Belt. The end of CDC is characterized
with major gravity low zone with sharp contacts.

Moho in this region, as seen over the region
occupied with Closepet Granite (Bgure 4).
Major gravity lows in the western part could
be attributed to predominantly thicker granite–
gneissic crust and moderate highs in the northwestern part are reCections of the Shimoga Schist
Belt. Gravity highs populate the central part of

DC, mainly due to up warp of interfaces of lower
crust/Moho and the linear schist belts of this
region. The eastern part of the area is seen mostly
with gravity lows (relatively higher compared to
the southern part of the western block), excepting
the highs over narrow schist belts of this region.
The south-eastern part of this block is seen with a
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major high that could be due to a maBc chamber in
the crustal rocks. Most significantly, this map
brings out a corridor of gravity lows marked with
high gravity gradients, shown as A and B in the
western part and C and D in the eastern part over
the entire length of the map. We consider these as
probable imprints of ancient suture zones, and
these could be the major dividing lines of WDC and
CDC and CDC and EDC, respectively.
2.1 Derivatives of Bouguer gravity
Horizontal derivatives (dx, dy) and the Brst vertical
derivative (dz) of Bouguer gravity reCects the contact zones with pronounced features and helps in
identifying areas of similar anomaly character. Lateral discontinuities in upper crustal density and/or
thickness associated with suturing and rifting even
when buried and with tectonic significance provide
high gravity gradient zones (Sharpton et al. 1987;
Bakkali and Mourabit 2006; Marcel et al. 2018). The
central part of DC processed for horizontal gradient
signiBes that this area is characterized by alternate
bands of narrow gravity high maxima/low maxima
(Bgure 5a, b). The gravity gradients in both X and Y
directions are computed and compared. These maps
are populated with high-frequency anomalies probably reCecting the near-surface features, particularly
the volcanic bands of the schist belts, in the form of
linear high zones. Though these features are obscuring the deep fault zones, it can be observed that the
mosaic of anomalies is similar from the western
margin of Chitradurga Schist Belt to the eastern
margin of Ramagiri–Penackacherla Schist Belt,
marking these high-intensity anomalous zones as a
distinct crustal block (CDC). East-west features are
highlighted in dy map. Further, the vertical derivative is very significant as the main boundaries within
the craton are reCected with narrow and characteristic gravity lows (Bgure 5c).

2.2 Regional gravity proBles across CDC
Five gravity proBles are generated, 300 apart,
cutting across the DC in East–West direction from
13°300 N to 15°300 E mainly to understand the tectonic division in this area (Bgure 6). The gravity
proBles are generated from the gridded data of the
area for 1000 m spacing. For having the assessment
of the regional gravity Beld, the polynomial Btting
method is adopted as we are dealing with the
proBles generated from gridded data (Beltrao et al.
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1991). The optimum degree of the polynomial is
estimated judiciously, trying different degrees and
observing the one that is least aAected by the
residual anomalies (Zeng 2006; Abokhodair 2011).
Accordingly, the Bfth-order polynomial for Bouguer gravity anomalies is computed and plotted
along with Bouguer anomalies for each ProBle. The
geographic location of each major geological
domain is plotted on the proBles. Geological units
shown in this map are Shimoga Schist Belt,
Chitradurga Schist Belt, Closepet Granite and
Ramagiri–Penackacherla Schist Belt (Bgure 6).
From the regional gravity proBles, it is apparent
that the central part of the region is distinctly
characterized with gravity high of about 50 mGal
in the south (13°300 N) to progressively diminishing
as 5 mGal in the north (15°300 N). The western
margin of this regional high is sharp in the southern
part and at the end of Shimoga Schist Belt, as seen
up to 14°300 N. In the northern part, this division is
not sharp, probably due to the fact that the area is
predominantly occupied with Shimoga Schist Belt
and this belt is widest in these parts. Secondly, it is
also seen that in these parts the Shimoga Schist
Belt and Chitradurga Schist Belt are jointed geographically. However, one can clearly recognize the
‘w’ shaped gravity low separating these two blocks
and can be marked as the dividing zone of WDC
and CDC. The fall in gravity values at the end of
the Shimoga Schist Belt is the beginning of the
transitory zone between WDC and CDC and a
raise in gravity values coinciding with the beginning of the Chitradurga Schist Belt is seen as the
end of this zone. This zone is more or less appearing
as ‘w’ shaped. The eastern contact of CDC with
EDC is not as sharp with a fall of 5–15 mGal from
the peak value. This means that Bxing the eastern
contact of CDC with EDC is somewhat subjective
in the northern part ([14°300 N). However, going
by the sharpness of contact at the eastern margin
of Ramagiri–Penackacherla Schist Belt at 14°300
and further south, it is suggested from this study
that probably end of Ramagiri–Penackacherla
Schist Belt is the end of CDC and beginning of
EDC. A linear corridor of gravity low zone is seen
as the end of CDC and the sharp gravity high
gradients deBning this contact zone could be
attributed to a possible suture zone. On the surface, the geological map does not show any possible
changes that could be attributed to these sharp
high gravity gradients. Probably this is the zone
where EDC has subducted under its western part
that is CDC. Since this zone is widest, these parts
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Figure 7. Gravity 2D model along Channagiri–Dharmavaram Seismic ProBle. Faults A to F is identiBed based on the reCection
pattern (Rogers 1986). Of these, A and C are low angle faults at the end of Shimoga and Chitradurga Schist Belt s depicting
major shear zones. Interestingly, Moho reCection is not marked under Closepet Granite. We suggest, up-warp of Moho in the
seismic section, marked with the dashed red line, coinciding with long-wavelength gravity high zone. Comparing both seismic
section and gravity proBle, we have identiBed other deep faults, which are significant in deBning the crustal architecture.

of the contact zone of sub-blocks is quite visible
and the rest of the places, this feature is not as
distinctly evident.

Granite as 2620 kg/m3, upper crustal rocks as 2670
kg/m3, lower crustal rocks as 3100 kg/m3 and
upper mantle as 3300 kg/m3.

2.3 Gravity models along seismic proBles

2.4 Channagiri–Dharmavaram proBle

Deep seismic sounding studies carried out across
DC have greatly contributed in understanding the
crustal architecture and in identifying the deep
faults separating the crustal-sub-blocks, the tectonic sub-divisions of DC. It is worthwhile to model
gravity proBles across the newly emerging concept
of CDC to Bx up the divisions of DC. Secondly,
there are conCicting views on crustal architecture
beneath the WDC and EDC and their convergence.
Particularly, the seismic studies indicated westward thrusting of EDC (Kaila et al. 1979; Gibbs
1986; Vijaya Rao et al. 2015; Mandal et al. 2018)
whereas geo-electrical studies suggested WDC
thrusting beneath the EDC (Gokaran et al. 2004).
In the present study, Bouguer gravity proBles are
generated along the seismic proBles. To carry out
2D gravity modelling, we have assumed average
densities for schist belts as 2750 kg/m3, Closepet

This proBle is part of Udipi–Kavali proBle (Kaila
et al. 1979) and re-interpreted by Gibbs (1986). For
the purpose of comparison, we have modelled the
gravity proBle from the gridded gravity data
(Bgure 7). The interpretation of seismic surveys
indicated Bve deep faults (A–E) in this part of DC.
Significant are those on either side of Chitradurga
Schist Belt and Closepet Granite. Faults A and C
coincide with shear zones of Shimoga and Chitradurga schist belts. From the above section, it is
apparent that there is a significant rise in the Moho
depth from west of Chitradurga Schist Belt, around
fault B up to Closepet Granite and beyond up to
the west of Dharmavaram. Significantly, the Moho
interface is not seen under Closepet Granite and is
tentatively the up-warped potion of crustal interfaces (marked with the red line, Bgure 7). It is also
apparent that the eastern margin of the
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Figure 8. Gravity 2D model along Chikmagalur–Perur Seismic ProBle (Mandal et al. 2018). Faults F2 and F3 of seismic section
coinciding with steep gravity gradients. In this section also moho reCection is not marked under CSB, which is a regional gravity
high zone. Significant observation from the gravity proBle is that the regional high is seen as two distinct highs; one under CSB
and the other under CG. Detailed inferences are discussed in the text.

Chitradurga Schist Belt is reCected as low angle
fault C and limited to mid-crustal levels. It has
appeared to us that three faults shown in red could
be identiBed dipping towards west based on termination of reCections along these lines. The Brst
inferred fault is at the western boundary with Chitradurga Schist Belt and together with already
identiBed fault ‘B’ possibly suggesting a domal feature beneath Chitradurga Schist Belt. Similar faults
in opposite directions are noticed beneath the Closepet granite around fault ‘D’ in the seismic section.
The gravity model along this proBle brought out
significant features. The eastern boundary of the
Shimoga Shist Belt is significant as it marks a
sudden rise in gravity values. But for a gravity
low over Chitradurga granite, this broad high is
extending up to the eastern margin of Ramagiri–Penackacherla Schist Belt. This entire region
can be viewed as a broad uplifted zone; thus, we
believe this is the transitory sub-block between
WDC and EDC and now christened as CDC
(Rama Rao et al. 2011; Jayananda et al. 2013a).
The lower crustal interface, in this model, is viewed

as two distinct up-warp regions one beneath Chitradurga Schist Belt and the other beneath Closepet
Granite. The difference in direction of gravity gradients at the contacts of these domains suggests the
tectonic regime of this region. Inferred faults of this
model marked as ‘A’ and ‘F’ with divergent trends
and suggest that both WDC and EDC have gone
beneath the CDC. Accordingly, a possible alternative
accretionary model of DC is proposed in this study.

2.5 Chikmagalur–Perur proBle
A 200 km long proBle cutting across Chitradurga
Shear Zone in NE–SW direction from Chikmagalur
in WDC to Perur in EDC is recently covered with
seismic refraction and wide-angle seismic reCection
surveys to bring out the velocity structure across
DC. These results (Vijaya Rao et al. 2015) and the
re-processing of the data (Mandal et al. 2018) have
conBrmed the variation in crustal thickness and the
boundary between the WDC and EDC to be along
Chitradurga Shear Zone. Further, this seismic
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Figure 9. Comparative gravity study with Canadian Shield. Remarkable consistency is seen in gravity proBles over the Canadian shield (Gibb and Thomas 1976) and the proBle
across DC. A similar abrupt rise in regional gravity Beld at the contact of Older and Younger provinces of Canadian shield is seen as at the inferred contact of WDC and CDC
(western contact of Chitradurga Schist Belt). We assume average crustal density under CDC is higher in comparison with its neighbours on either side which points to suturing
at these contacts as they are associated invariably with different average crustal densities.
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study is consistent with convergence, subduction
and accretion of crustal blocks. The accretionary
boundary is shown to be beneath the Closepet
Granite where EDC has subducted beneath the
older WDC.
Bouguer Gravity proBle is generated along the
seismic proBle from the gridded data. Some part of
the data in the south-western part around Chikmagalur is not available. The gravity model along
with the seismic section is presented in Bgure 8.
Bouguer gravity proBle shows the abrupt rise in
gravity values up to 35 mGals at the end of Shimoga/Bababudan Schist Belts. This marks the
contact between WDC and CDC. CDC is characterized by two broad gravity highs coinciding with
Chitradurga Schist Belt and Closepet granite and
the major part of this anomaly is due to up
warping of Moho/lower crust. The distinct gravity
high under Chitradurga Schist Belt is seen with
poor seismic reCections. The end of the Chitradurga Schist Belt is marked with a fault probably extending up to the lower crust. As both
WDC and EDC are appearing to be sub-ducting
beneath the CDC resulting in upliftment of lower
crust/Moho which in turn is the reason why this
area is characterized with major gravity highs.
The closepet Granite batholith going up to lower
crustal margin as shown in the seismic proBle is
difBcult to explain based on gravity values.

3. Tectonic boundaries and gravity
signatures
The regional gravity proBle from the recent data
along 14°N for about 330 km length (75°–78°E) is
compared with the proBle across Canadian shield
(Bgure 9). It is seen that there is an abrupt rise of
24 mGal in 80 km distance (Gradient of 0.3 mGal/
km) between the older and younger provinces of
the Canadian shield with a density contrast of
+0.07 gm/cc. In comparison to that, we see a
sharp rise of about 30 mGals seen from the western
margin of the Chitradurga Schist Belt over a distance of 110 km (0.27 mGal/km). The presence of
deep crustal rocks (Sargur group) in the western
margin of the Chitradurga Schist Belt conBrmed
with significant gravity changes make us believe
that the Brst division of DC is at the western
margin of the Chitradurga Schist Belt. No such
evidence is seen at the eastern margin of the Chitradurga Schist Belt. This makes us believe that
though there is a long shear zone all along the
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Figure 10. Accretionary models of Dharwar Craton based on geological studies. Two recent models based on geological studies are shown here. The Brst model (Jayananda et al.
2013b) suggests two-stage accretion and two-stage volcanisms. The second model indicated a transition towards a plate tectonic regime (Bhaskara Rao et al. 2019).
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Figure 11. Accretionary models across Dharwar Craton based on Geophysical studies. The Brst model based on MT studies
suggesting WDC going beneath EDC along the eastern margin of CSB (Gokaran et al. 2004). The second model suggests
accretionary block beneath Closepet granite and EDC going beneath WDC (Mandal et al. 2018).

eastern margin, the eastern margin of the
Chitradurga Schist Belt is not a tectonic division.
The next contact is around Ramagiri–Penackacherla Schist Belt as again we see a fall of gravity
values there with a gradient of about 0.25 mGal/
km. This we assume as the contact zone of CDC
and EDC. The contact zone of EDC and EGMB is
seen with a much sharper gravity gradient of 1.5
mGal/km coinciding with the presence of granulite
rocks (Mishra and Ravikumar 2014).

3.1 Accretionary models of Dharwar Craton
After substantial works during the last two decades
in geology, geochronology and geophysics, it is generally understood that Dharwar Craton has stabilized in Archaean periods (3.6–2.5 Ga) with twostage volcanism and two-stage accretionary process
between the two blocks of DC; WDC and EDC.
Mainly two contemporary works are summarized
and the models are shown here (Bgure 10).
Geochronological studies have established two episodes of accretion, which led to the growth of the
juvenile province of maBc volcanic and felsic pluton
(2.7–2.6 Ga) along the eastern margin of WDC and
induced reworking of the margin. The eastern
reworked fringe of WDC and the juvenile province
formed EDC. Second stage accretion (2.58–2.52 Ga)

proceeded by emplacement of TTG and calc-alkaline plutons and felsic volcanics throughout EDC
(Jayananda et al. 2013b). Reviewing the geological,
geochronological and geophysical works so far carried out in DC, Bhaskara Rao et al. (2019) have
indicated transition towards Plate Tectonic
Regime. They suggested two major episodes of
juvenile crust accretion between 3.45–3.15 Ga and
minor event around 2.6–2.5 Ga. Crustal reworking is
suggested between 3.1 and 2.7 Ga. Secondly, the
vertical tectonic regime in the Paleo-Mesoarchean
period (sagduction processes) which produced dome
and keel structural pattern has shifted to plate tectonic regime around 2.7 Ga. Both the models are
shown together in Bgure 10.

3.2 Geophysical studies towards the accretionary
model of Dharwar Craton
Mainly seismic proBling and broadband magnetotelluric studies have contributed for generating accretionary models for DC. Here we present two such
models, though somewhat contradictory evidence
about which block of DC is subducting. Magnetotelluric studies in DC across all the major schist
belts and Closepet Granite brought out an Archaean
suture along the eastern margin of the Chitradurga
Schist Belt. This suture is attributed to the thrusting
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Figure 12. Proposed accretionary models for the central part of Dharwar Craton. Two long gravity proBles at 14°300 N (A) and
14°N (B) are modelled assuming the same density parameters. Whereas the high-frequency anomalies depict the extent of schist
belts and granite bodies, the regional proBles give an idea about the nature of crust, suture zones as boundaries between the
WDC–CDC and CDC–EDC blocks of DC. The Cartoons suggest subduction of both WDC and EDC beneath the CDC.
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Figure 13. Regional geological map of Dharwar Craton and adjoining terrain depicting the disposition of schist belts and
Chitradurga Shear Zone (after Jayananda et al. 2013b). Proposed tectonic divisions within Dharwar Craton inferred from gravity
data are superposed on to this map.

of WDC beneath EDC and predates the schist belts.
In their interpreted model along with the seismic
proBling, Gokaran et al. (2004) suggested the crustal
evolution starting as distinct cratons with intervening sea prior to 2.6 Ga and subsequent closure of sea
and subduction of WDC beneath EDC which has
created the suture along the eastern margin.
The recent seismic reCection surveys (Vijaya Rao
et al. 2015) and re-processing of data from Chikmagalur in WDC to Perur in EDC have indicated dipping
Moho, oppositely dipping reCections and a thrust fault
in DC. This study concluded that EDC was thrusted
obliquely against pre-existing WDC and accreted to it
during the Neoarchean period. This study has shifted

the collision boundary to further east under Closepet
Granite (Mandal et al. 2018). They have shown an area
occupied with Closepet Granite as an accretionary
block of DC. To simplify, from the essence of these
works, that there exists contradiction both in the
accretionary process of subduction and its geographic
location. These situations and the present-day status
are shown in Bgure 11.
3.3 Accretionary model based on gravity
proBles 14°N and 14°30 0 N
Considering the above, we in this study aimed
to resolve the issue of accretion based on the
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high-resolution gravity data. For this, we have
chosen the East–West proBles of 14°N and
14°300 N from the gridded gravity data, as these
proBles more or less cut across the DC in the
central part where it is widest. These proBles
represent comparable proportions of WDC, CDC
and EDC. Important geological domains occupying on the surface of these proBles and contributing to gravity responses include Shimoga
Schist Belt, Chitradurga Schist Belt, Closepet
Granite and Ramagiri–Penckacherla Schist Belt.
Further, these traverses are of 3° distance longitudinal wise, that is about 330 km length, as
such it is expected that fair representation of
crustal architecture could be achieved from them
(Bgure 12).
Unlike earlier models discussed above most of
which show EDC going beneath the WDC along
the eastern margin of Chitradurga Schist Belt,
we believe that the Central block (CDC) is
uplifted and both the sub-blocks are subducted
beneath the CDC and marked with sharp gravity
gradients (Bgure 12). There is at least 4–6 km rise
in this part for both the lower crust and Moho
interfaces. This inference is based on the fact that
the observed gravity high can only be explained
by this assumption, particularly the high over
Closepet Granite which is relatively lower density compared to the surrounding granite–gneissic medium. Secondly, the eastern margin of the
Chitradurga Schist Belt which is thought to be
the tectonic boundary of WDC and EDC is not
characterized with any significant gravity
anomaly. The difference in the direction of
gravity gradients at the contacts of the CDC
should not have been the case if merely EDC is
going beneath WDC.
From this study, we propose the accretionary
model, as cartoon, for the DC. Two aspects were
clear from this data that, there is no substantial
signal at the end of the Chitradurga Schist Belt and
there is no indication of major low angle fault as
the accretionary zone of DC. A ‘w’ shaped anomaly
noticed in the intervening portion of Shimoga
Schist Belt and Chitradurga Schist Belt is suggested as the accretionary zone of WDC and CDC
dipping towards east. CDC is seen with a major
regional high encompassing Chitradurga Schist
Belt, Closepet Granite and Ramagiri–Penackacherla Schist Belt. As the regional gravity rises
further east after the gravity low at the contact of
Ramagiri–Penackacherla Schist Belt, it is apparent
that CDC is well deBned. The second accretionary
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zone is suggested at the eastern margin of
Ramagiri–Penackacherla Schist Belt with a
westerly dip. Both the zones are inferred as high
angle and as both WDC and EDC subduct
beneath CDC causing major gravity high over
this block, otherwise mostly populated with
granite–gneissic rocks.

4. Summary and conclusions
The new gravity data has yielded a wealth of
information about the exposed part of DC. Several
inferences have emerged other than mapping the
disposition of important geological domains like
schist belts, younger granites and structural features. In this study, an attempt is made to study
the status of the Chitradurga Schist Belt in DC as
the eastern margin of this belt is generally believed
to be the division of DC into western and eastern
blocks. Bouguer gravity image shows three
prominent domains: one populated by and large
with major gravity lows (WDC), second as the
zone of linear gravity highs (CDC) and the third as
gravity low zone with intermittent narrow highs
(EDC). There are marked and well-deBned corridor of gravity lows separating these blocks. Gravity proBles across the craton have shown the exact
division of craton in the form of regional gravity
highs enveloping Shimoga–Bababudan Schist Belt
from that of another high encompassing
Chitradurga Schist Belt, Closepet Granite and
Ramagiri–Penackacherla Schist Belt. The second
gravity high is further split as two discrete highs
under Chitradurga Schist Belt and Closepet
Granite, suggesting up-warp of Moho/lower crust
under these units. Gravity models along with earlier inferred seismic reCection studies show the
major faults, some agreement is seen about the
Moho pattern in the DC. Based on the analysis of
this data we suggest that both WDC and EDC are
subducting beneath the CDC, contrary to earlier
understanding, and this is the reason why the
central portion of DC is characterized with gravity
highs. The two-dimensional gravity highs in CDC
are mainly attributed to up warp of Moho/lower
crustal interface. This study confers with the concept of CDC as a distinctly different crustal subblock in comparison with WDC and EDC and
suggests modiBcation of its boundaries with the
adjoining blocks. A major suture zone, hitherto
unknown, is identiBed as the boundary between
CDC and EDC (Bgure 13).
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