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ABSTRACT

The disintegration of the Columbia supercontinent during the late Paleoproterozoic generated major rift
basins in the constituent continental fragments. The Kaladgi basin, located between the southern part
of the Deccan volcanic province (DVP) and the northern part of the Dharwar craton, is a Columbia rift-
related basin in southwestern India that preserves a complex history from initial fault-controlled mechan-
ical subsidence during rifting, thermal subsidence along a collision zone, crustal thinning due to stretch-
ing and erosion associated with doming. The Paleoproterozoic basins worldwide show higher uranium
concentration and many deposits are also established in the Purana basins of India. In the present study,
the lithotectonic architecture of this basin using broadband magnetotelluric (~320 Hz-3000 s) soundings
in the western segment of the Kaladgi rift basin along two profiles. Two-dimensional (2-D) inversion of
data using a 2-D nonlinear conjugate gradient algorithm along both profiles provides insights into the
deeper structure of the basin. Our results reveal a thin sheet of Deccan volcanic, sedimentary successions
belonging to the Badami and Bagalkot groups, and Proterozoic sediments from top to bottom beneath this
basin. The crustal structure is highly heterogeneous and associated with deep-seated faults, and its thick-
ness increases from the eastern Dharwar craton (~30 km) to the western Dharwar craton (~45 km). The
crustal conductors are interpreted as mafic intrusions derived from the underplated basalts. The mod-
erate conductive features may correspond to carbonate fluids trapped within the faults/fractures zone
during basin initiation. The conductive features in the lower crust and the Moho are interpreted as flu-
ids derived from underplated intrusions through plume impact. The NNW trending Chitradurga Suture
Zone (CSZ) signature and the Bababudan-Nallur Shear (BNS) in the crust and upper mantle depth are
imaged along both MT profiles. This study provides insights into the lithology and tectonic architecture
of a long-lived rift basin involved in multiple tectonic events from the late Paleoproterozoic to the late
Cretaceous.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of Ocean University of China.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

in the constituent continents witnessed prolonged sedimenta-
tion (Rogers and Santosh, 2004). In Peninsular India, these Pa-

The Columbia supercontinent is considered the Earth’s oldest
coherent and closely packed assembly of continental fragments
into a united landmass (Rogers and Santosh, 2002; Nance et al.,
2014; Meert and Santosh, 2017). The rifting and disintegra-
tion of Columbia during the late Paleoproterozoic led to di-
verse magmatism processes, and sizeable intracratonic rift basins
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leoproterozoic rift basins are popularly termed ‘Purana Basins’
(Purana meaning ancient) and include the Vindhyan, Chattisgarh,
Khariar, Indravati, Pranhita-Godavri, Cuddapah, Kaladgi, and Bhima.
Rifts can form in many plate-tectonic settings, including intracra-
tonic zones related to continental collision, transtensional rifts
along transform faults, complex plate interactions at subduction
zones, and transform margins. The Archean cratons were formed
by the collision and accretion of individual continental nuclei
(Radhakrishna and Naqvi, 1986). Convergence of East Antarctica
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and Indian craton along Eastern Ghat mobile belt occurred at ~1.9
Ga. The collision between the Bhandara-Bastar and Dharwar cra-
ton and Satpura and Aravali-Delhi mobile belts is broadly de-
fined as Proterozoic events (Mishra, 2011). Orogenic activity as-
sociated with rifting may deform rifts and convert them into
complex basins. The rifting of Columbia possibly involved a su-
perplume activity (Santosh et al., 2009) during ~1.9-1.8 Ga and
was also marked by oxygenation of the atmosphere and ocean
(Chu et al, 2007), and the formation of giant radiating dyke
swarms and orogenic belts during ~1.85-1.75 Ga (Hou et al,,
2008; French et al., 2008; Shellnutt et al., 2018; Santosh et al.,
2018), seawater was rich in carbonate before 1.8 Ga (Ohmoto
et al,, 2004), whereas sulfate was more abundant after that period
(Poulton et al., 2004; Johnston et al., 2006). The Vindhyan, Cud-
dapah, and Pranhita-Godavri basins are associated with thermal
subsidence and contain Paleoproterozoic carbonate-rich sediments
(Mishra, 2011). Mukherjee et al. (2016) inferred that the Kaladgi
rift basin opened during the Columbia breakup, and carbonate-rich
sediments of the basin indicate Paleoproterozoic rifting (Saha et al.,
2016). The northward migration of the Indian plate over the Re-
union hot spot produced massive tholeiitic basalts through fissures
eruption that covered vast areas during the Cretaceous-Tertiary pe-
riod (Gautam, 2001; O'Neill et al., 2003). In these regions, Archean
tectonic boundaries are poorly defined (Peucat et al., 2013). Thus,
complex tectonics might have formed the Kaladgi rift basin, in-
cluding initial fault-controlled mechanical subsidence during rift-
ing, thermal subsidence along the collision zone, crust thinning
due to stretching, and erosion during doming activity.

In previous work, Vasanthi and Mallick (2006) analyzed grav-
ity data inferring the Kaladgi Basin’s northward extension un-
der the Deccan basalts, and the thickness of the basin was esti-
mated to be between 500 and 3500 m. Anand et al. (2016) con-
ducted ground magnetic studies in the Chikotra River in the pe-
ripheral regions of the Deccan volcanic province (DVP) and the
Kaladgi rift basin. They inferred that the Deccan basaltic flows
(~285 m) overlie the Proterozoic sediments (~900 m thickness)
that reside on an Archean basement. Using a heliborne transient
electromagnetic study, Sridhar et al. (2017) inferred that the thick-
ness of the Deccan traps in this basin is between 20 and 350 m.
A high-resolution aeromagnetic study concluded that the magnetic
anomalies in the Kaladgi rift basin are related to the significant
structural trends, crystalline basement, lineaments, intra-basinal
fault systems, half-graben structures, and concealed granitic plu-
tons (Sridhar et al., 2018). The signatures of the Chitradurga bound-
ary shear, Wajrakarur fault zone and other lineaments were in-
ferred from regional aeromagnetic data (Anand and Rajaram, 2002;
Rajaram and Anand, 2014; Rajaram et al., 2016). Based on gravity
data, Ramadass et al. (2004) revealed the Bababudan-Nallur Shear
and Chitradurga boundary thrust zones. The crust-mantle bound-
ary (Moho) in the Dharwar craton around the study region is in-
ferred to be at a depth range of 33-45 km through receiver func-
tion analysis (Gupta et al., 2003; Sarkar et al., 2003; Jagadeesh and
Rai, 2008; Borah et al., 2014; Singh et al., 2015), satellite grav-
ity studies (Vasanthi and Santosh, 2021). The Chitradurga shear
zone marks the crustal tectonic boundary between the Chitradurga
schist belt and Closepet granite (Chardon et al., 2008), which is
uncertain in the trap-covered regions.

In this study, we used the Magnetotelluric (MT) technique
to image the subsurface features beneath the western segment
of the Kaladgi rift basin. In previous studies, the MT tech-
nique has successfully been utilized to image the sediment thick-
ness, basement configuration (Danda and Rao, 2019), Sub basaltic
imaging (Patro and Sarma, 2007; Patro et al, 2015), Archean
suture zones, and lithospheric thickness in the different ar-
eas (Gokarn et al, 2004; Naganjaneyulu and Santosh, 2010a,
2010b, 2012; Abdul Azeez et al., 2015; Danda et al., 2017, 2023;
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Pratap et al., 2018, 2023; Malleswari et al., 2019; Kusham et al.,
2021a, 2021b). Significant inconsistencies among various tech-
niques has resulted in poorly known geophysical properties at
great depths within the Kaladgi rift basin. However, the compre-
hensive information on the crust and upper mantle structures be-
neath the Kaladgi rift basin is not well-imaged and inferred. In this
study, we investigate the basin and lithosphere structure along two
MT profiles to understand the deep tectonics and evolution pro-
cesses of the Kaladgi rift basin and neighbouring regions.

2. Geology and tectonics

The north-south trending Closepet granites separate the Dhar-
war craton into western Dharwar craton (WDC) and eastern Dhar-
war craton (EDC), as shown in Fig. 1a. The WDC comprises tonalite
gneisses older than 3.0 Ga (Taylor et al., 1984; Meen et al.,, 1992),
2.8-2.6 Ga greenstone belts of Dharwar Supergroup (Kumar et al.,
1996; Nutman et al, 1996) in the northern part and 2.61 Ga
potassic plutons, characterized by the melting of a depleted lower
crust (Taylor et al.,, 1984; Jayananda et al., 2006). The EDC com-
prises 2.7-2.55 Ga regional tonalite gneisses and greenstone belts
(Balakrishnan et al., 1999; Krogstad et al., 1991; Peucat et al.,
1993; Chadwick et al., 2000; Rogers et al., 2007), and huge 2.56-
2.50 Ga calc-alkaline to potassic (Closepet granites) plutonic bod-
ies (Nutman et al., 1996; Jayananda et al., 2000). The EDC is
subdivided into two domains based on thermal events that oc-
curred earlier than 2.5 Ga (Jayananda et al., 2013, 2020; Gao and
Santosh, 2020). The Archean suture is characterized by a steep
mylonitic shear zone between the Chitradurga schist belt and
the Kushtagi-Hungund greenstone belts in the northern part of
the Dharwar craton (Jayananda et al, 2011, 2013, 2020). The
Closepet granites were emplaced along the shear zone associ-
ated with the Chitradurga schist belt (Jayananda et al., 2000). The
Dharwar Supergroup was deposited unconformably over gneisses
and granites in the WDC (Chadwick et al., 1981). Granites and
gneisses in the EDC cover volcanic greenstone belts with limited
dimensions on all sides (Naqvi et al., 2006). The Paleoprotero-
zoic convergence/collision, orogenic belts, and carbonate-rich sed-
iments are correlated to rifting (Mishra, 2011), and giant radiat-
ing dyke swarms have also been reported from the Dharwar craton
(Hou et al., 2008).

The DVP covers the western section of the east-west trending
Kaladgi rift basin in the north, northwest, and southwest mar-
gins (Fig. 1b). The DVP rocks are basalts (rich in tholeiitic type
with a minor amount of carbonate and mafic alkaline rocks) pro-
duced by a high degree of melting at a depth range greater than
other flood basalts (Sen, 2001). The Badami and Bagalkot groups
belong to the Kaladgi Supergroup, separated by erosional sur-
faces representing an angular unconformity (Jayaprakash et al.,
1987). The Badami group sediments are almost undeformed and
thin (Jayaprakash, 2007), whereas the Bagalkot group sediments
are deformed, thick and show plunging anticlines, synclines, and
steeply dipping faults. The younger Badami group sediments over-
lie older Bagalkot Group sediments and the crystalline basement.
The Badami group rocks are distributed in the western and south-
ern segments of the basin and consist mainly of horizontally dip-
ping arenite, shale, and conglomerate (Jayaprakash, 2007). The
Bagalkot group is further divided into two subgroups, which are
separated by disconformity: the Simikeri subgroup, which is re-
stricted to the east and central segments hosting felsic and mafic
intrusives (dyke swarms), and a thick sequence of the Loka-
pur subgroup distributed throughout the basin and composed of
quartzite, argillite, shale and carbonate facies (Jayaprakash, 2007).
The Archean crystalline rocks (gneisses, greenstone belts and gran-
ites) form the basement of the Kaladgi supergroup. Toward the
south of the western Kaladgi rift basin, the Chitradurga group
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Fig. 1. (a) The geological map of the study area and its adjoining regions, (b) BBMT stations are located in the western section of the Kaladgi rift basin (modified after

Mukherjee et al., 2016).

rocks occur as inliers with limited dimensions and comprise phyl-
lites, quartz-chlorite schist, and amphibolite (Jayaprakash, 2007).
In contrast, the older Bababudan group rocks are greywackes and
conglomerates (Chadwick et al., 1985), and the peninsular gneis-
sic complex dominated by tonalite-trondhjemite-granodiorite rocks
(Jayaprakash, 2007).

3. Data acquisition and analysis

Broadband magnetotelluric data was acquired between 74°40’
E-75°10’ E and 15°48’ N-16°30’ N coordinate frame around 47 L/16
topo sheet frame located in the Karnataka state in southwestern
India under the R&D program of the Indian Institute of Geomag-
netism. All stations are located along two SW-NE trending profiles
(Fig. 1b), the ~80 km long Tigadi-Gokak-Mugalknod (TGM) pro-
file holds 9 stations, and the ~60 km long Hosur-Yargatti-Yadawsd
(HYY) profile has 7 stations. The data were acquired using two
sets of instruments, namely, MTU-5A V-5 system (Phoenix Geo-
physics, Canada) and ADUO5 system (M/s Metronix, Germany) for

a period range of 0.003-3000 s and 0.01-1000 s, respectively with
an interstation spacing of ~9-13 km. Robust single-station esti-
mates processed (using SSMT 2000 software, robust reference cas-
cade decimation technique according to Jones and Jodicke (1984);
Jones et al. (1989); PROCMT User’ guide (1990)) the observed time
series from electric and magnetic fields. The data quality is condi-
tioned by the location of the stations, and good quality data were
observed along the HYY profile. In contrast, noise affects the time
series from the TGM profile at fewer stations. The bad segments of
the time series containing spikes and trends were removed before
frequency domain conversion. The phase response at a few stations
is highly contaminated by cultural noise; those station’s responses,
including apparent resistivity, were discarded from data analysis.
The local near-surface inhomogeneities inherent in the MT data
affect the dimensionality and directionality of the subsurface of the
Earth (Ledo et al.,, 1998, 2002). The higher dimensional structure
and inconsistent strike direction may also occur along the profile
and depth if distortion factors are period-dependent (Ledo et al.,
1998). The most effective distortion is ‘galvanic’, wherein electric
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Fig. 2. The phase tensor analysis responses show a skew angle ‘8’ between £5° at most stations, (a) along the TGM profile and (b) along the HYY profile.

charge build-up on near-surface inhomogeneities modifies the re-
gional conductive structures (Bahr, 1988; Jiracek, 1990), whereas
inductive distortion is negligible (West and Edwards, 1985). The
Phase tensor analysis is used to estimate the dimensionality of the
subsurface, and it calculates phase-sensitive skew angle (8), maxi-
mum phase (®max), minimum phase (®,,;,), and a directional an-
gle () without any prior assumptions on the dimensionality of re-
gional structure (Caldwell et al., 2004). The skew angle (8) is zero
for an identical 2-D structure with a strike direction towards the
®max or Ppin. The skew values within the range of +5° indicate a
2-D structure (Liang et al., 2018; Padilha et al., 2019; Danda et al.,
2021, 2023) and otherwise a 3-D structure. Most sites show a skew
angle of <5°, except in some stations at a few periods (Fig. 2a, b).
It may be due to data quality, which indicates that the 3-D effects
are generally localized at sites 105, 106, 206 and 207.

The approach of McNeice and Jones (2001) was applied for dis-
tortion correction and to define regional strike direction along both
profiles. This is the extension of the Groom-Bailey tensor decom-
position concept (Groom and Bailey, 1989), in which a global min-
imum is sought to determine the most appropriate strike direc-
tion and telluric distortion parameters for a range of periods and
a set of stations. The regional strike estimation is usually prob-
lematic in case of more prominent telluric distortion (Jones and
Groom, 1993). Thus, distortion parameters (shear and twist) were
constrained first to estimate the stabilized strike response over
the broadest band of periods. The shear and twist angles are less
than +15° at all stations, except two stations from the HYY profile
where the shear angle is +30°. However, overall, shear and twist
angles lie within the limit of the normal range. The strike angles
observed in the period range 0.1-1000s for all stations are shown
by Rose diagrams (Fig. 3a and b); consistency in regional geoelec-
tric strike angle is marked around N55°W (after correcting for 90°
ambiguity) along both profiles. The tensor data are further decom-
posed for multi-stations multi-period bands; distortion parameters
best fit most stations with RMS misfits less than 2 (Fig. 3c and d),
which approximate 2-D structure along both profiles. The consis-
tent strikes from each station in the single-period band are shown
in Supplementary Data, Fig. S1. Consequently, we conclude that, on
the whole, the dimensionality of the present profiles is quasi-2D
for the crust and upper mantle, and 2-D inversion procedures ap-
ply to our data.

Subsequently, data from both profiles were fitted to a
frequency-independent distortion model with a regional strike an-

gle of N55°W to obtain the scaled 2-D apparent resistivity and
impedance phase responses (Fig. 4). Therefore, we assigned xy, yx
components to the transverse electric (TE) mode (electric currents
flow parallel to the geoelectric strike) and transverse magnetic
(TM) modes (electric currents flow perpendicular to the geoelec-
tric strike), respectively. The Niblett-Bostick depth approximation
(Jones, 1983) is used to estimate the depth of electromagnetic field
penetration. The penetration depth along both profiles for trans-
verse electric and transverse magnetic modes responses are shown
in Supplementary Data, Fig. S2.

4. 2-D inversion

The non-linear conjugate gradient (NLCG) inversion algorithm
of Rodi and Mackie (2001) was used for 2-D inversion. The 2-
D Earth models were discretized into 50 x 150 rectangular cells
for both profiles. In which each cell is assigned conductivity val-
ues to fit the measured data. Thus, joint TE- and TM-modes re-
sponses were modelled for both profiles. The regularization param-
eter ‘tau’ is used to minimize the objective function, which is the
sum of data misfit and the smoothness of the model. For both pro-
files, T = 10 was set for 2-D inversion according to the L-curve
(Hansen, 1998), as shown in Supplementary Data, Fig. S3. The ap-
parent resistivity and phase error floors were set to 10% and 5% for
each mode in both profiles, except the TE mode of the TGM profile,
which was set to 30% and 10%, respectively. The 2-D inversion was
carried out by taking 100 Q-m uniform half-space and also tried
with 10 Q-m and 1000 Q-m half spaces by keeping the remaining
parameters unchanged to understand the initial model effects. The
resulting models from 10 Q-m and 1000 Q-m half-spaces produced
structures similar to the 100 Q-m half-space model. The Pseudo-
sections illustrate a good match between the observed (Groom-
Bailey decomposed and rotated) and modelled response along both
profiles (Fig. 5a and b). The static shift coefficients were estimated
from the inversion algorithm. Finally, 2-D inverted models (TGM
and HYY models) from joint inversion of TE- and TM-modes re-
sponses were produced after 132 iterations with an RMS misfit of
1.66 along the TGM profile and 166 iterations with an RMS misfit
of 1.94 along the HYY profile (Fig. 6). The fitting between each sta-
tion’s observed and modelled response curves are shown in Sup-
plementary Data, Fig. S4.

The robustness of inverted models was tested by linear sensi-
tivity analysis along both profiles, representing the slight change
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in logarithm resistivity of observed data and model. The structure
with sensitivity matrix values >0.0001 is considered a resolved
feature (Brasse et al., 2002; Ledo et al., 2004; Naganjaneyulu et al.,
2010; Danda et al., 2020). The TGM and HYY models show sensitiv-
ity values >0.0001, shown in Supplementary Data, Fig. S5. Where
conductive features are supported by the high sensitivity value, C1,
C2 and C3 lie in the 1-0.001, C5 lies in the 100-1, and C4 and C6
lie in the range of 10-0.01. These conductive features are tested
for robustness by masking the conductive features with the 500
Q-m resistive blocks and re-inverted the model, and after a few
iterations, these conductive features reproduced in the model. In
addition, a non-linear sensitivity analysis was conducted for each
conductive feature. The forward response was calculated by mask-
ing the conductive feature with 2000 Q-m resistivity while keep-
ing other structures unchanged. This analysis was performed for all
conductive features in the models independently. Supplementary
Data, Fig. S6 shows the modeled and altered responses. The mod-
ified model responses show significant misfits compared to the
original inversion models and infer that these features are robust.
Based on these sensitivity test results, 2-D inverted models are
fixed for ~100 km depth to explain the Earth’s subsurface struc-
tures along both profiles.

5. Interpretation and discussion

The electrical models produced from the TGM and HYY pro-
files within ~20 km away in the western section of the Kaladgi
rift basin display almost similar subsurface structures (Fig. 6). The
TGM model shows destitute resistivity contrast compared to the
HYY model. Highly conductive to moderate resistivity features in
the HYY model and conductive features in the moderate resistive
crust in the TGM model separate these models. The Chitradurga

Suture Zone (CSZ) and Bababudan-Nallur shear (BNS) boundary are
revealed in the TGM model, while the HYY model shows only CSZ
with resistivity contrast. This suggests that the deep tectonic fea-
tures of the Kaladgi rift basin highly influence the crustal structure
beneath these profiles.

5.1. Basin structure

The basement electrical structures of the Kaladgi rift basin
along the TGM and HYY profiles are shown in Fig. 7. Proterozoic
sediments with resistivity ~100-2000 Q-m and thickness ~500-
1000 m is deposited over resistive (>2000 Q-m) crystalline base-
ments with layers, where the resistivity of sediments increases
with depth. These layers show flat, undulating shapes along the
TGM and HYY profiles. Therefore, those in the fault/fracture zones
are characterized by the Bagalkot Group sediments along the HYY
profile. Flat-layer deposits are marked by the Badami Group sed-
iments along the TGM profile. These shallow structure sediments
are separated into two resistivity ranges; the Deccan basalts are
explained with a resistivity of less than 100 Q-m, and Proterozoic
depositions are presented with a resistivity of ~100-2000 Q-m.
The thickness of Deccan basalts and Proterozoic sediments are re-
vealed at ~285 and ~900 m in the Chikotra River Basin (Anand
et al., 2016), respectively. Airborne transient electromagnetic stud-
ies in the western section of the Kaladgi rift basin approximate the
DVP thickness in a depth range of ~20 m to 350 m (Sridhar et al.,
2017). Deccan basalts thickness and resistivity value in the Kurdu-
vadi gravity low were assessed ~500-690 m with resistivity in the
range of ~30-60 Q-m (Kailasam et al., 1976; Gokarn et al., 1992).
Patro and Sarma (2007) revealed ~200 m thick Deccan basalts
with resistivity in the ~30-100 Q-m range. These findings possi-
bly support Deccan basalts resistivity along both profiles. Deccan
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Fig. 4. Groom-Bailey decomposed and rotated apparent resistivity and phase response curves of TE- and TM-modes of all stations along the profile.

basalts are ~100 m thick beneath stations 106-110 and very nar-
row beneath stations 204-205.

The Kaladgi sediments are interpreted with resistivity ~100-
700 Q-m, where fault/fracture zones comprise deposits with resis-
tivity in the range ~700-2000 Q-m along both profiles, which may
support the different ages of sediments deposited in the basin as
reported by Saha et al. (2016) and Joy et al. (2018). The moderate
resistive sediments in the fractured zones indicate that the relic
of crystalline rocks deposited after attrition and trapped carbonate
fluids may cause moderate resistivity. The basin contains a cycle

of orthoquartzite-argillite-carbonates (Kale and Phansalkar, 1991).
The Saundatti quartzites are coarse to fine-grained and deposited
vertically to horizontally, reflecting the intensity of deformation
(Jayaprakash, 2007). They also contain clay, micaceous, silica, and
ferruginous material. The Yargatti argillite overlies dolomite with
organosedimentary characters, consisting of silty to fine sandy
clasts and argillaceous limestone. The Yadawadi limestones show
silica and calcium content. Thick arenite rocks contain wonderful
sand, silt, clay, silica and ferruginous material, in addition to the
shale and laterite of the Badami Group. Thus, the amalgamation of
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such composition might be the reason for the low resistivity na-
ture of the Kaladgi rift basin sediments.

Two conductive (~10-30 Q-m) patches are identified beneath
stations 102-103 and 203-204. Patro and Sarma (2007) revealed
subtrappean Mesozoic sediments (~10-20 Q-m) between the Dec-
can basalts (~30-100 Q-m) and crystalline basement (~3000 Q-
m) towards Kurduvadi gravity low. Kailasam et al. (1976) and
Gokarn et al. (1992) findings from Kurduvadi gravity low indi-
cate no signature of Mesozoic sediments. The MT estimates aver-
age thickness, whereas the profound electric resistivity studies are

more sensitive to the local variation in thickness. The conductiv-
ity sediments are infrequent between the Deccan basalts and crys-
talline basements. Since the large station spacing between 102-103
and 203-204 sites, the inferences about the ~200 m thick con-
ductive patches at shallow depth may not be well resolved. Nev-
ertheless, significant resistivity contrast at the shallow depth and
known geology and geophysical observations perhaps corroborate
such conductive patches in the MT data. However, better constrain-
ing the top conductive sedimentary patches within 1 km alone
by using MT may require close station spacing MT observations.
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and Bagalkot Group sediments beneath the TGM and HYY profiles, respectively. (c,
and Proterozoic sediments.

The surface conductivity may be due to rock compositions or flood
basalts. The Deccan basalts towards the east are identified in the
range ~30-100 Q-m, as discussed above, while towards the west,
the basalts are thick (~2500 m) and vary in the range ~10-200
Q-m (Gokarn et al., 2003). Towards the southwest of the TGM
profile, ~350 m thick low-resistive (conglomerate) sediments are
identified with an intermediate high-resistive (quartz arenite) layer
that underlies ~40 m wide Deccan basalts (Sridhar et al., 2017).
The Badami group feldspathic arenites and shale units, carbonate
rocks with kankar (Jayaprakash, 2007), and uranium mineraliza-
tion were identified within the Badami arenites (Shobhita et al.,
2011; Sridhar et al., 2014), which possibly explains the conduc-
tivity beneath the stations 102-103. Stations 203-204 are located
over thick argillite and thin dolomite sequences; argillite con-
tains mudstones, shales, and argillaceous limestone. The local en-
richment in iron content has contributed to the development of
hematite ore bodies and led to the formation of ferruginous lat-
erite (Jayaprakash, 2007), which may cause conductivity.

5.2. Crustal structure
The MT stations are primarily located in basaltic flow-covered

regions along the TGM profile, while fewer are along the HYY pro-
file. Therefore, electrical structures up to 40 km depth are used
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to understand the crustal structure, crust-mantle transition and
crustal geometry.

The electrical structure of the crust is highly heterogeneous to-
wards the southwest in each model (Fig. 6). In contrast, broad,
highly resistive (>30,000 Q-m) crustal blocks R3 and R8 are re-
vealed beneath stations 108-110 and 205-207, extending up to a
depth of about 30 km, respectively. Towards the southwest, the
crust is slightly less resistive in the TGM model than in the HYY
model, and both models contain resistive and conductive features.
A ~20 km thick conductor C2 (~20-70 Q-m) is identified in the
upper crust beneath station 103, which lies between resistive fea-
tures R1 (~3000 Q-m) and R2 (~25,000 Q-m). A ~20 km thick
conductor C3 (~100 Q-m) is identified in the lower crust beneath
stations 106-107, surrounded by a low-resistivity (~200 Q-m) zone
extending to the upper mantle. Towards the southwest, beneath
station 101, a regional conductive feature, C1, is rising to a depth
of ~20 km. The HYY model contains a crustal conductor and two
moderate resistivity features separated by highly resistive compo-
nents. A ~8 km thick, highly conductive C5 (~1-20 Q-m) feature
within a low-resistivity (~200 Q-m) zone is identified beneath sta-
tions 203-204. Conductor C5 appears in resistive feature R7, and
its maximum resistivity (~30,000 Q-m) is marked beneath sta-
tion 204 and indicates its attrition on all sides of C5 with depth
beneath stations 203-204. A highly resistive (>30,000 Q-m) and
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~8 km thick feature R6 is associated with a steep moderate resis-
tive (~500 Q-m) zone towards the southwest of station 201. R6
overlies a nearly vertical moderate resistive (~800 Q-m) feature
(4, extending to a depth of about 40 km with increasing resistivity.
These intermediate resistivity zones are equivalent to the resistiv-
ity of Proterozoic sediments identified in the basin structure. While
the crustal network beneath stations 101-108 is low resistive, in-
dicating conductive factors highly alter the crust compared to the
HYY model.

The crust-mantle transition is a weak zone well defined by
velocity contrast and known as ‘seismic Moho’ (Prodehl et al,
2013). The MT method helps identify the crust-mantle transition,
i.e,, ‘electrical Moho’ (Jones, 2013), although only in a few struc-
tural settings with low resistive zone or resistivity interface. The
conductive lower crust limits the ability of the MT method to
resolve interface over standard resistive upper-mantle structure
(Jones, 1999) or in the case of highly resistive lithosphere struc-
ture. The Moho depth is a more helpful parameter for understand-
ing deep tectonics of the upper lithospheric mantle, which altered
the crustal structure. The crust-mantle transition in the Archean
Slave craton is identified at ~36 km depth with upper-mantle re-
sistivity ~4000 Q-m (Jones and Ferguson, 2001) and ~46 km depth
with upper-mantle resistivity ~730 Q-m in the Archean Singhb-
hum craton (Bhattacharya and Shalivahan, 2002). In both cases, the
crust is highly resistive and contains layers, and the data from the
Slave craton also compare well with the seismic result (Jones and
Ferguson, 2001). However, there is no evidence of deep upper-
mantle structure in the Singhbhum craton. They interpreted elec-
trical Moho or resistivity interface as a region with conductance
less than 1 Siemens in the crustal structure (Jones and Fergu-
son, 2001).

In our study, the sharp resistivity contrast is marked at ~28 km
depth beneath resistivity (>30,000 Q-m) features R3 and R9. These
features have conductance less than 1 Siemens where the upper-
mantle zone is ~10 km thick with resistivity ~2000 Q-m. HYY
model shows moderate resistive (~3000 Q-m) in a depth range of
35-45 km towards the southwest, where the crustal structure is
highly heterogeneous. A resistive interface is marked beneath sta-
tions 102-105 in a depth range of 35-45 km towards the south-
west, where the crustal structure is low resistive. The crust-mantle
transition is not sharp towards the southwest, which may have
been altered by deep tectonics in both modes. These weak zones
are comparable with other geophysical responses of Moho in the
study region and lie in the depth range of 30-45 km (Borah et al.,
2014; Kumar et al., 2014). Thus, the electrical models from the
present study suggest an almost identical depth range of crust-
mantle transition or weak zone, which may be the root of electrical
Moho in the study regions.

Many complex E-W, NE-SW, and NW-SE patterns, trend-
ing faults of varying dimensions, crosscut the basin (Fig. 1b).
Sridhar et al. (2018) identified magnetic lineaments in the basin
and interpreted (NE-SW/E-W/N-S trends) intra-basinal and deep
(NW-SE trends) faults. Therefore, resistivity/conductivity interfaces
in each electrical structure are compared with the above finding
to outline the geometry of the crustal faults along both profiles
(Fig. 8). The NW-SE trending lineaments (L1 to L7) are almost per-
pendicular to both profiles; NE-SW trending lineament L8 crosses
both profiles, while E-W trending lineament L9 crosses only the
TGM profile. The C4 feature is associated with L1 and L2 linea-
ments. The C2 feature is associated with L1 and L6 lineaments.
The fault (F3) boundary identified towards the southwest of C4
and C2 extends up to a depth of ~15 km, while the fault (F4)
boundary identified towards the northeast of these features ex-
tends to a depth of ~25 km. L2 and L6 lineaments may be a sin-
gle unit, but resistivity contrast in these features and difference
in fault slant suggest different tectonics associated with these fea-
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tures. C5 feature is associated with L3 lineament and a deep fault
near station 203; these faults (F5 and F6) are steep and extend
to a depth of ~20 km. Fault (F2) adjacent to station 201 extends
to a depth of ~8 km; it may be an NW-SE trending steep fault.
Fault (F1) adjacent to station 102 is southwest dipping, extending
up to a depth of ~12 km, or beyond that, its NW-SE trend may
continue up to L7 lineament towards the west. The southwest dip-
ping fault (F7), marked near stations 106 and 204, is associated
with the L5 lineament, and the northeast dipping fault (F9), kept
near stations 108 and 205, is related to the L4 lineament. The dif-
ference in fault slant and low resistive zone beneath these stations
suggest that crustal structure altered through different deep tec-
tonics around these regions. Thus, F7 and F9 may be deep faults,
and their NW-SE trends may continue up to Ramdurg regions to-
wards the east. The northeast dipping fault (F8) near station 107
extends to a depth of ~10 km and may be an E-W trending fault
associated with the L9 lineament.

5.3. Lithospheric upper-mantle structure

The lithosphere upper-mantle electrical structure contains a
steep conductive feature C6 (~20 Q-m) in the HYY model (Fig. 6).
Feature C6 extends up to a depth of ~55 km with a con-
ductivity of ~100 Q-m beneath stations 204-205. The triangu-
lar shape low resistive zone beneath stations 204-205 may be
a zone of Archean suture along which two domains of Dhar-
war craton were assembled at around 2.56-2.50 Ga. Thus, a
~25 km wider conductive area lies between upper-mantle re-
sistive features (R9 and R10) and is interpreted as an Archean
upper-mantle suture or Chitradurga Suture Zone (CSZ). Other geo-
physical methods also identify the Chitradurga boundary thrust
(Ramadass et al., 2004) and Chitradurga shear boundary-associated
lineaments (Rajaram and Anand, 2014; Rajaram et al., 2016). Across
the north-south trend of Chitradurga shear, a broad conductive fea-
ture is revealed in the upper mantle (Gokarn et al., 2004), while
Malleswari et al. (2019) identified the eastern boundary of Chi-
tradurga shear beneath ~90 km depth and other associated con-
ductive features beneath ~100 km depth altogether interpreted
suture beneath western and eastern Dharwar craton. Beneath the
Dharwar craton, uppermost mantle conductors are identified at the
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depth range of 80-200 km (Kusham et al., 2021a, 2021b), where
lithospheric thickness is reported to be more than 200 km. The
Chitradurga Suture Zone is well identified in the HYY model, which
extends up to the upper mantle lithosphere, and its signatures are
apparent in the crustal section. The CSZ is a low resistive steep
feature in the TGM model (Fig. 6), with ~25 km wide resistiv-
ity (~500 Q-m) and lies between upper-mantle resistive features
R4 and R5, rising to depth ~55 km. The CSZ identified in the
TGM model underlies lower crustal conductor C3 (~100-200 Q-
m). The CSZ identified in both electrical models shows significant
resistivity contrast. Another regional conductive feature (C1) is re-
vealed beneath stations 101-102 in the TGM model with conduc-
tivity (~100-250 Q-m). C1 rises to a depth of ~15 km and is inter-
preted eastern boundary of the Bababudan-Nallur Shear (BNS). The
BNS may not appear in the HYY model due to limited profile cov-
erage towards the southwest. This boundary is interpreted as the
Bababudan-Nallur Shear by (Ramadass et al., 2004), which is now
interpreted as the eastern boundary of the BNS and marked by an
F1 fault in the upper crust and may be associated with L7 linea-
ment. Thus, MT profile coverage towards the southwest may pro-
vide the western boundary of the BNS. The CSZ boundaries along
its NNW trend revealed in both models and the BNS boundary in
the TGM model at upper-mantle depth are shown on the geologi-
cal map (Fig. 8).

5.4. Cause of enhanced conductivity at crustal and upper mantle
depths

Many factors cause enhanced conductivity in the conti-
nental crust and lithospheric mantle: aqueous fluids, partial
melting, sulfide, graphite, oxides of the ore body, and water
(Nover, 2005; Yoshino, 2010; Pommier, 2013; Selway, 2014). These
factors are governed by the interconnection of fluids, tempera-
ture, oxygen fugacity, pressure conditions, and geological history
(Shankland, 1975; Lastovickova, 1991; Xu et al., 2000b; Jones et al.,
2009).

The presence of aqueous fluids in the crust depends on the
temperature and chloride content (Nesbitt, 1993). Still, fluids fail
to increase their conductivity if the mobility of fluids is ar-
rested in certain situations, like the closure of depth cracks
(ELEKTB Group, 1997). The stress regime is essential in fluid in-
terconnectivity in the continental crust (Gough, 1986). In a duc-
tile regime with porosities, less than 0.5% of fluids enhance, lead-
ing to a conductivity increase (Wannamaker et al., 2008). How-
ever, fluids can be retained on a time scale during plate refor-
mation (Goldfarb et al., 1991). The lower crust can be wet if suf-
ficient liquid is available (Hyndman et al, 1993), which may be
sourced from the subduction of wet rocks, fluid exsolution from
cooling magma, or melting in the deep crust or upper mantle
(Nur and Walder, 1990; Rice, 1992). The melting of rocks is highly
temperature-dependent and slightly depends on pressure, water,
and oxygen fugacity (Xu et al., 2000a, 2000b). Thus, the pres-
ence of melt may explain high conductivity at specific locations.
The ion mobility increases with increasing temperature, decreas-
ing pressure, and adding water to melt (Waff and Weill, 1975;
Roberts and Tyburczy, 1999). The Dharwar craton, however, is char-
acterized by a cold regime due to low heat flow with a mean value
of 40 mW/m? (Roy and Rao, 2000), so partial melting in the crust
can be excluded as the cause of conductivity increase. In stable
tectonic regimes, high conductivity is explained by corresponding
sulfide (Livelybrooks et al., 1996; Jones et al., 1997; Gokarn et al.,
2004; Jones et al., 2005). However, sulfide minerals such as pyrite
are reported in minor amounts in the basin (Jayaprakash, 2007).

Graphite occurs in carbon sheets with intercalated mate-
rial, and interconnected graphite (grain-boundary graphite films
on minerals) enhances electric conductivity (Frost et al., 1989;

10
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Jodicke, 1985). Although stable at 600-900°C (Mathez, 1987;
Mathez et al., 1984; Pineau and Mathez, 1990), they may not
be stable at shallow depth due to low pressure (Katsube and
Mareschal, 1993; Duba et al,, 1988). Haak et al. (1991) explained
low resistivity in the crust by graphite with low oxygen fugacity.
At more oxidizing conditions, graphite becomes unstable, convert-
ing to carbonate minerals below the solidus and a carbon-rich melt
above the solidus (Selway, 2014). The hydrogen (water) content
in nominally anhydrous minerals enhances electrical conductivity
(Karato, 1990, 2011; Huang et al., 2005), although it behaves as an
incompatible element that is removed during melting or high tem-
perature (Karato, 2019). Pressure reduces hydrogen-assisted elec-
tric conductivity (Dai and Karato, 2014a). Both of these are con-
trolled by tectonic events in the lithosphere mantle (Selway, 2014).
The lithosphere can be enriched in incompatible elements through
interaction with fluids from a subducting slab (Reynard et al., 2011;
Wang et al., 2012). The hydrogen contents (in olivine) originat-
ing from dehydration of subducting slabs increases conductivity
(Brasse and Eydam, 2008), although conductivity increase with
water contents and decrease with oxygen fugacity (Karato and
Dai, 2009; Dai and Karato, 2014b). The less iron in the lithospheric
mantle and carbon in the form of fluids inclusion fail to increase
conductivity (Selway, 2014). CO,-rich fluids derived from the deep
mantle may enhance conductivity in less deformed lithospheric
regions (ten Grotenhuis et al., 2004). The carbon sources in the
mantle are separated by §13C isotope value (Pearson et al., 1994);
heavy ~-5% and light ~—25% isotopes represent mantle sources
and subducted organic matter sources, respectively. In the Kaladgi
rift basin, high concentrations of methane (250 ppb) and light §13C
(—29.9 to —39%) signatures may represent the thermogenic sources
of carbon (Kalpana et al., 2010). The low contents of graphite fail
to enhance conductivity (Santos et al., 2002), and no evidence is
available for volcanic xenoliths in the study regions.

Mantle plumes originate from the mantle transition zone or the
core-mantle boundary (Hofmann, 1997; Zhao, 2001), and plume-
indicated magmatism is characterized by enrichment in incompat-
ible elements (Dixon et al., 2002; Workman et al., 2006). How-
ever, the interaction of plumes with the lithosphere leads to
partial melting and refertilization of the crust-mantle structure
(Selway, 2014). Refertilization of the mantle by fluids is expected
to lead to long-lived enhanced conductivity (Demouchy, 2010). The
upper-mantle high conductivity is explained by partial molten rock
sources from subducting slab and collision orogeny (Glover et al.,
2000; Ledo et al., 2000), and associated fine-grain boundaries en-
hanced conductivity in lower crust (ten Grotenhuis et al., 2004).
The coarse-grained (olivine) boundaries reduce the conductivity.
The alkalic, silicate, and carbonate melts enhanced conductivity,
and volatile riche alkalic melt with a small melt fraction may
explain conductivity in the upper mantle (Hirschmann, 2010).
However, silicate melt depends on the interconnectivity and re-
quires a vast melt fraction (Tyburczy and Waff, 1983). The car-
bonate melts are more conductive than alkalic and silicate melts
(Gaillard et al., 2008), and tiny malt fractions produce bulk con-
ductivity due to their highly interconnected melts (Yoshino et al.,
2010, 2012). Basalt melts in the upper mantle increase conductiv-
ity (Roberts and Tyburczy, 1999). Sulfide combined with basaltic
melts (Ducea and Park, 2000) or the interconnected network
(Watson et al., 2010) enhanced bulk conductivity.

The electrical models (Fig. 6) show significant conductivity vari-
ations along both profiles. This may suggest the influence of deep
tectonics associated with study regions. The Archean collision be-
tween two subcontinents of the Dharwar craton is the source of
upper-mantle suture and crustal fault/shear. Deccan basalts cover
the Peninsular Indian Shield; therefore, crust and upper-mantle
regimes were modified during the journey of the Indian Plate over
the Reunion hotspot (Raval, 1999). The present structures produced
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from MT data indicate a significant effect of deep tectonics, which
modified the lithospheric structures during the late-Archean to Ter-
tiary period. Over geological periods structural conductivity may be
controlled by several factors, as discussed above. The upper man-
tle shear zones can be explained by partially molten rocks formed
by collision, and enhanced conductivity may be under grain size
control. Fine-grained boundaries may be one possibility for the
conductive lower crust in the TGM model; even though CSZ in-
dicates decreased conductivity, possibly suggesting a conductive
lower crust source from BNS, the entire region was modified by Re-
union plume between the Cretaceous-Tertiary periods. During the
Proterozoic, several small ocean basins were opened due to rifting
and thermal subsidence along the suture. In this process, seawater
incursion is the basin sediment source. The carbonate-rich fluids
may be trapped in the crust through faults/fractures weakening the
upper crust or enhancing conductivity, which may be altered later
over geological time.

The large plume head weakens the lithosphere due to the in-
flux of heat and melts/fluids (White and McKenzie, 1989). The
hot material from the plume source continues to flow up, melt-
ing the mantle to produce voluminous basalts (Campbell and Grif-
fiths, 1990) enriched in incompatible elements. Basaltic melt may
be the leading cause of enhanced conductivity in the crust and
upper-mantle structure. Several basaltic flows are identified in
the basin regions near Gokak and Bagalkot (Jayaprakash, 2007).
The magmatic underplating during the plume-induced crust-
mantle interaction resulted in high density/high-velocity layer
and low-resistive body (Tewari et al, 1991; Mall et al, 1999;
Naganjaneyulu and Santosh, 2010b) in the lower crust. Low re-
sistivity may be due to melts/fluids rising to the surface through
faults/fractures. The regional Bouguer gravity anomaly indicates
peaks and rapidly decreasing contour lines, as shown in Sup-
plementary Data, Fig. S7, associated with crustal conductive fea-
tures. Rapidly decreasing gravity value is attributed to a faulted
and over-thrust boundary at gravity-low or high-density bodies
(Naganjaneyulu and Santosh, 2010a). The moderate resistive fea-
ture C4 is associated with rapidly decreasing gravity between sta-
tions 202-203. The contour peaks from gravity low —110 to —95
mGal are related to upper crustal conductor C5 between sta-
tions 203-204. The region between stations 203-206 indicates a
low gravity value compared to stations 105-108. The high and

1

low gravity indicates the crustal block’s uplift and subsidence
(Mishra et al., 2000). Thus, the conductive lower crust beneath
stations 101-108 may demonstrate uniform gravity value, and the
gravity value beneath stations 201-205 may explain the hetero-
geneity of the crust. The crust in the northeast section of the pro-
files is resistive, homogenous, and denser, and the resistivity con-
trast of R3 and R8 may explain the change in gravity value in the
region. Electrical structures produced from present studies support
regional gravity finding by Kailasam et al. (1972).

5.5. Interpretation from electrical models

The Kaladgi rift basin was subject to different pulses of defor-
mation, uplift, new basin formation, polyphase magmatism, and
regional metamorphism. The crustal features C2 and C4 have simi-
lar structures associated with faults F3 and F4, and the surrounding
area is marked by sizeable intrusive dyke swarms. Significant re-
sistivity contrast in between and change in faults indicate different
tectonic activity around these regions. C4 overlies upper-mantle re-
sistive feature R9. The crustal features around stations 201-202 are
equivalent to the resistivities of Proterozoic sediments. These mod-
erate resistivity features are interpreted as carbonate trapped in
faults/fractures during the basin formation. The lower crustal re-
gion was altered by fluids released from the deep mantle during
plume activity. Conductor C5 is revealed in steep resistive zones
associated with CSZ and is interpreted as mafic intrusions derived
from underplated basalts in the sulfide fluids mixed material. The
conductive features C2 and C3 indicate their attrition, C2 overlies
upper-mantle resistive feature R4, and C1 and C3 overlap suture
zones. The low resistive feature R4 lies between Archean sutures
and may indicate reformation through magmatism and the gener-
ation of dyke swarms. The mantle material induced by the plume
causes features C1, C2, and C3, interpreted as mafic intrusions de-
rived from underplated basalts and fluids.

As discussed above, the crustal geometry beneath the west-
ern section of the Kaladgi rift basin and adjacent regions indi-
cate that the NW-SE trending crustal faults mainly control the
basin structure (Fig. 8). The geological history of the study region
from the Late Archean to the Late Cretaceous periods is explained
through a cartoon sketch along both profiles (Fig. 9). Two domains
of the Dharwar craton were assembled along the Archean bound-



A. Kumar, D. Nagarjuna, M. Santosh et al.

ary. The collision produced the suture zone (CSZ) at ~2.56-2.50
Ga. The associated crustal faults/fractures (F!, F2 and F?) in the
related domains resulted in the rift zone. Magmatism during Pa-
leoproterozoic (~1.9-1.6 Ga) through plume activity is recorded
by the deposition of older sediments in the basin (Mishra, 2011),
as also reported from other rift-related basins (French et al.,
2008; Rogers and Santosh, 2009). Younger sediments of the basin
were sourced from surface erosion (Jayaprakash, 2007). Many
dyke swarms are exposed in the basin and are the same age
(Jayaprakash, 2007) or older (French et al., 2008). Late Archean
collision resulted in a ~25 km wider suture (CSZ), and the
crustal faults, magmatism, and fluid flux weakened the crust and
upper-mantle structure. Several factors discussed above cause en-
hanced crust and upper-mantle structure conductivities. Fault F!
and Archean boundary beneath the TGM profile are part of BNS
and CSZ, and these sutures may have altered the entire struc-
ture beneath the TGM profile compared to the HYY profile. At the
same time, the structure beneath the HYY profile is dominated by
CSZ. During the Cretaceous-Tertiary periods, the large plume head
weakened the lithosphere. Faults F2 beneath the TGM profile and
F! beneath the HYY profile are considered in a line where F2 is al-
tered by basaltic melts and fluids derived from underplated man-
gle magmas. Basaltic melts alter fault F'. Wider and narrow weak
zones associated with CSZ in the lower crust suggest magmatism
relatively large beneath the TGM profile. The basaltic melts and
fluids altered the lower crust beneath the TGM profile. Basaltic
melts remained in CSZ, with only fluids changing the lower crust
and crust-mantle transition zone beneath the HYY profile. Fault F!
beneath the HYY profile was altered through liquids and carbon-
ate/sulfide fluids. Thus, over geological time, the conductivity was
enhanced by fluids from the surface that penetrated deep through
fault/fracture, mafic intrusions derived from underplated basalts,
and fluids from depth related to a mantle plume.

6. Summary and conclusions

The electrical structures in the western section of the Kaladgi
rift basin provide evidence of deep tectonics during the late
Archean to Tertiary periods. The MT method imaged a com-
plex structure beneath the basin through conductivity variation.
A ~100 m thick Deccan basalt is revealed along the TGM pro-
file and overlies a flat layer of Badami Group sediments. The un-
dulating layers beneath the HYY profile show apparent deforma-
tion of the Bagalkot Group sediments. Proterozoic deposits are in
the depth range of ~500-1500 m with resistivity ~100-700 Q-
m, and fault/fracture zones may contain older sediment s indi-
cating moderate resistivity. The high conductive patches are at-
tributed to the rock composition; since station spacing is large,
more data will better constrain the top layers up to 1000 m. The
crustal structure mainly comprises NW-SE trending faults and a re-
sistive interface apparent in their orientation. The crustal geom-
etry helps to evaluate the deep tectonics that altered the entire
structure and produced conductive features. The structure beneath
the study area was shaped by collisional suturing, plume tectonics
and rifting, and intense magmatism and fluid activity. The upper
crust is mostly fractured along both profiles, and these fractures
may be filled by carbonate fluids that penetrate depth through
weak zones beneath the Proterozoic basin. The Archean sutures al-
tered the upper-mantle resistive feature in the TGM model, and
magmatism during rifting enhanced the conductivity in the upper
mantle. The entire lithospheric structure was modified during the
Cretaceous-Tertiary periods over the Reunion plume. The basaltic
melts and fluids from the deep mantle from plume activity en-
hanced the conductivity in the lower crust and crust-mantle tran-
sition zone. The crust-mantle transition zone is marked between
depth ranges ~30-45 km along both profiles and suggests the area
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of electrical Moho. The NNW trend of CSZ at the upper mantle is
~25 km wider, and its conductivity might have been altered during
the Cretaceous-Tertiary period beneath these profiles. The BNS may
be a more extensive zone extending towards the southwest. Our
MT study provides insights into the lithologic and structural archi-
tecture of the Paleoproterozoic intracratonic rift basin. Our findings
might be helpful for regional geodynamic reconstructions and deep
exploration activities.
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