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ABSTRACT

The tectonic signatures for the extensional basin evolution are generally not well developed and it is relatively
difficult to reconstruct, particularly when affected by a strong deformation associated with subsequent compressional
tectonics. In the present study, an attempt has been made to map structural elements buried beneath younger cover
in Bhima basin, by using aeromagnetic data. The magnetic data indicates that around Malla Buzurg, a NE-SW
trending fault affects the Gogi Fault and swerves it towards southwest Kalakeri. Bhima basin has possibly evolved
over a failed E-W trending rift zone, surmised as reactivation post sedimentation of Bagalkot Group. Later the NE-
SW shear couple bounding the geometry to a lozenge shape with long axis along NE-SW/, probably defined the basin
boundaries and the NW-SE trending dextral strike slip faults have defined the present day basin configuration.
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INTRODUCTION

The Proterozoic platform sequences of Peninsular India preserve
signatures of widely divergent lithospheric processes and workers
have suggested the sedimentation within the Purana basins as the
ambit of eperic sea framework. However, recent studies have put
forward rift and foreland models for the initiations of many of
the Purana basins [1]. In contrast to the traditional evolutionary
models of Purana basins, Neo-Proterozoic Bhima basin in the
northern fringe of Eastern Dharwar craton exposing sediments of
Bhima Group in a NE-SW trending en echelon pattern presents
a unique setting befitting tectonic control as suggested by many
workers [2-5]. Sedimentological studies of these sediments by
Akhtar et al. (2], and Mudholkar et al. [6], explicitly surmise
that the Bhima sediments represent platform deposits of shallow
marine, near shore environments. Structural mapping and
geological studies of the Bhima basin suggest that these sediments
were subjected to buckling or compressional deformation [7].
Ramakrishna et al. [8], based on the gravity anomaly of 10 mGal
to 15 mGal has estimated sediment thickness of approximately 1.5
km and inferred that the Bhima sediments have not witnessed any
major faulting or tectonic movement. This is refuted by Kale et al.
[3], who put forward a pull-apart model for the formation of the
basin triggered by NW-SE shear couple based on field evidences
such as clastic dykes, slump structures, intraformational breccia

and folding along with remote sensing studies. They suggested
that few faults have reactivated during sedimentation and possibly
have played significant role in sedimentation within the basin [4].
Later, the pull-apart model was modified by Jayaprakash et al. [5],
who suggested that the basin is formed by pull-apart with sinistral
movement along a major curvilinear strikeslip fault trending
NE-SW direction. These models laid by past workers are based
on limited field evidences and inadequate regional geophysical
inputs and hence are not tenable. Further, due to paucity of
comprehensive geophysical data left with several disagreements
regarding the tectonic evolution of Bhima basin.

In order to understand and constrain tectonic evolutions

of concealed and meagerly exposed terrains particularly
of Precambrian age, over the past decades high-resolution
aeromagnetic data has been extensively employed [9-11].
Resolving complexities and overprinting events in geological
evolutions of these terrains, a systematic approach with sound
reasoning based on reliable data would grant insight into tectonic
processes. The study based on aeromagnetic data for sedimentary
basins has increased with the development of high-resolution
surveys and filtering techniques [12-14], allowing improvement
of the structural models of sedimentary basins and margins by
locating buried intra-basinal faults [11,15-18]. In line with these
studies, our focus was on the interpretation of aeromagnetic data

of the Bhima Basin to unravel the structure, basin-fill architecture
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and the basement configuration. This led to understanding the
deformation history and its role in basin evolution with the
aim of placing the crustal scale events into a regional and global
context.

Geology of the area

The Dharwar Craton of Peninsular India consists of two parts;
(A) The older Western Dharwar Craton (WDC; 3.3-2.7 Ga),
and (B) The younger Eastern Dharwar Craton (EDC; 3.0-2.5
Ga) [19]. The WDC is dominated by volcano-sedimentary
greenstone belts and TTG granitoids, ranging in age from 3.3 to
2.7 Ga. The EDC is predominantly made of Neoarchean granites
and sub-ordinate volcanic-dominated linear greenstone belts of
limited dimensions [20]. The EDC comprises Dharwar Batholith
(dominantly granitic), greenstone belts, intrusive volcanics, and
middle Proterozoic to more recent sedimentary basins (Figure 1)

(21,22].

The Mesoproterozoic sequence of Bhima group shows
unconformable as well as tectonic contact, mainly with the
Neoarchaean granitoid basement and to a lesser extent with
greenstone belts. Peshwa et al. [23], have pointed out that the
Bhima sediments display unconformable relationships with the
basement along the N-S to NNE-SSW trending rectilinear eastern
margins, whereas the EW to WNW-ESE trending rectilinear
southern boundaries are all of faulted nature. The flat lying
sedimentary formations of the Bhima Group are exposed as
an array of narrow east-west trending, sigmoid strips, arranged
in an en echelon pattern and reach a maximum thickness of
270 m [24]. These sedimentary rocks comprise an alternating
sequence of clastic and carbonate components, with oligomictic
conglomerate (maximum thickness 2 m) at the base, followed
by sandstone, shale and limestone [4,24]. The Northern and
Western parts of Bhima basin is covered by Deccan Trap basalts
of unknown thickness. Different classifications are proposed for
the sedimentary succession, Mishra et al. [24], divided the Bhima
sediments into two subgroups separated by a paraconformity, the
lower Sedam subgroup composed of Rabanpalli and Shahabad
formations and upper subgroup called Andola sub-group Harwal,
Katamdevarahalli and Halkal formations. Later, based on
interpretations of Landsat imageries and air-photos Kale et al. [4],
proposed a two-fold classification, the lower Rabanpalli formation
consisting of conglomerate, arenite and shale and the upper
Shahabad formation dominated by limestones. Jayaprakash et al.
[5], reiterated the five-fold stratigraphic classification of the Bhima
group with aggregate thickness of about 300 m approximately.
The lowermost Rabanpalli formation is represented by coarse
rudaceous to fine argillaceous clastics and overlying Shahabad
formation is essentially a chemical precipitate. The upper Hulkal,
Katamdevarahalli and Harwal formations are essentially made up
of litho-components wiz. shale, limestone and shale respectively.
The depositional history proposed by different works vary from
beaches or intertidal deltaic zone grading laterally into a relatively
deeper tidal flat or subtidal environment, shallow-marine
environment [2,4], with pulsating sea-level changes.

There is no pronounced evidence that Bhima group is affected
by any major event of structural upheaval on a regional scale.
The broad sub-horizontal disposition sediments of Bhima group
are mostly horizontal and are considered to be undisturbed or
least deformed. Kale et al. [4], opined that many of the folds
seen in the basin are the products of slumping and not related
to diastrophism; sub-horizontal nature of the beds are due
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to depositional dips. Structurally, the basin is transacted by
prominent E'W and NW-SE trending faults besides a number
of smaller N-S and NE-SW trending faults. Jayaprakash et al.
[5], reported development of stylolites within Bhima sediments
particularly carbonate strata, and these structures are known to
form in response to tectonic compression [25]. Many of the larger
faults qualify not only as faulted boundaries but also as boundary
faults of this basin, defining the structural boundary of the basin.
These faults exhibit intense brecciation and locally intense tight,
at places isoclinals and recumbent folding observed along narrow
zones in the vicinity of the faults associated with the Bhima Basin

[4].
MATERIALS AND METHODS

High resolution heliborne magnetic data acquisition and
processing

The heliborne survey operations were carried out in three phases
and acquired 47000 line km of high-resolution magnetic data by
employing geometrics optically pumped cesium magnetometer
towed below the helicopter. The data is acquired at 10 Hz
sampling rate with a sample spaced at ~2.5 m along transverse
lines oriented in the N-S direction and spaced at 200 m and a
long tie-line oriented in the E-W direction and spaced at 5000 m
over Bhima basin (Figure 1).

.[ GEOLOGICIAL MAP

Figure 1: Geological map of Bhima basin showing heliborne survey

blocks (modified GSI Bukosh).

The acquired magnetic data is processed by applying correction
for diurnal variations by using the digitally recorded ground base
station magnetic values. Heading error and lag corrections are
applied by utilising coefficients obtained from heading and lag
test flight data. Tie line levelling was carried out by adjusting
intersection points along traverse lines. A micro-levelling
procedure was applied to remove persistent low-amplitude
components of flightline-direction-related noise in the data. The
magnetic data were corrected for the International Geomagnetic
Reference Field (IGRF) by subtracting the IGRF model values
at each point in the survey, and a constant value (42345 nT)
was added to each data point. The corrected magnetic data were
interpolated between survey lines using a random point gridding
method to yield x-y grid values for a standard grid cell size of
approximately 50 m at the mapping scale. A minimum curvature
algorithm [26], was used to interpolate values onto a rectangular
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regular spaced Total Magnetic Intensity (TMI) grid (Figure
2). Subsequently, Reduction to the Pole (RTP) was calculated
using an average value of the magnetic inclination (22.63°)
and declination (—1.01°) for the study area. The RTP map is
texturally similar to TMI map and interpreted both geologically
and quantitatively. However, at low magnetic latitudes, RTP
transformation is accompanied by declination-parallel noise and
incomplete reduction of declination-parallel sources [27]. RTP and
TMI magnetic anomaly maps were used to differentiate regions
of contrasting total magnetic field, where maxima or minima
depend on local enhancement or reduction of magnetic mineral
content and on the overall polarization direction of the resultant
field. Amplitudes and wavelengths of magnetic anomalies reflect
the difference in magnetic susceptibilities and disposition of units
[28]. Accurate locations of dykes, contacts and faults are more
reliable over the analytical signal of the TMI than reduction to
the pole or equator, especially at low magnetic latitudes and are
in addition not affected by remanent magnetization. To enhance
structural information and contrasts between shallow magnetic
sources, the first Vertical Derivative (1VD) and the tilt derivative
[29], of the RTP grid were calculated. The tilt derivative also
referred to as the local phase, is computed from the vertical and
horizontal magnetic gradients yields more detail by amplifying
weak signals generated by shallow sources. Locations and outlines
of magnetic sources can be precisely determined from the peaks
of the tilt derivative map.

Geological information derived from the magnetic data

Aeromagnetic surveys is a powerful tool which is used routinely
at different stages in exploration, mining and in general for
geological mapping [14,30]. Geological formations have different
concentrations of magnetic minerals, and therefore exhibit
different magnetic signatures in the magnetic field, depending
on the susceptibility contrast of rocks and the characteristics of
the magnetic field. Thus, observed magnetic field over an area,
can provide useful information that can facilitate lithological and
structural mapping. The magnetization of rocks and associated
remanence is affected by deformation, tectonism, magmatism
and metamorphism hence they reflect geological processes [28].

The Total Magnetic Intensity (TMI) grid image of the Bhima
basin, reveals linear system of dykes and faults in which regional
ENE-WSW is the predominant direction with few EW trends,
and shorter features trending NW.SE. The areas with calm
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magnetic response are attributed to the relatively thick sediment
successions of Bhima basin. Linear, narrow magnetic positive
anomalies with varying amplitudes are inferred as dyke bodies
and the variation in amplitude is attributed to sub-cropping or
outcropping bodies. The mapped dyke bodies in the geological
map (GSI, Bukosh) are few, depicted as short lengths of exposure,
whereas the magnetic signature revealed them over long, mostly
continuous bodies. Few dykes are mapped within sediments
of the Bhima basin, indicating that at least some of the dykes
must have been emplaced after sediment deposition. The RTP
transformed image indicates that the anomalies of most dyke
bodies appear to be negative, indicating the preponderance of
remanent magnetisation in a direction that is quite different
from the present-day inducing field.

The Deccan traps in the West and North of the survey area are
manifested in the magnetic data as high frequency, irregular
patterns and very little magnetic expression. The mottled/
obtuse patterns, moderately magnetic, consisting of disjointed
anomalies, are associated with outcropping Deccan Trap basalts.
This is in accordance with observations and experience elsewhere
in the world that flatlying basalt sheets, particularly those which
are thin and feathering to zero thickness, can have very modest
expression in aeromagnetic data.

The basement granitoids along the eastern margin of basin
show weak to moderately magnetic zones characterized by a high
incidence of cross-cutting linears. The younger granites mapped
in the SE corner of the survey area coincide with a larger area
of quite strongly positive magnetic anomaly (in the RTP image)
surrounded by a much larger magnetic negative.

The occurrence of a large well-determined, oval gravity ‘low’,
about 15 mGal in amplitude, about 100 km in length and 50 km
in width, striking about N45° W on the gravity data and centered
below the younger granites in the study area, may also relate to
the origin of the younger granites plutons, presumably rose on
account of buoyancy (density deficiency) in their semi-molten
state. Ramakrishna et al. [8], considering the relief of about 10
to 15 mGal, have interpreted a thickness of approximately 1.5
km for the Bhima sediments. However, in view of the known
stratigraphic thickness, they speculated that the gravity low may
be due to the combined effect of Bhima sediment as well as
another older formation of low density below the Bhima. This
instates the existence of low density younger granites, inferred
from the magnetic data.

TOTAL MAGNETIC INTENSITY IMAGE OF BHIMA BASIN

Figure 2: Total magnetic intensity image of Bhima Basin with inferred
magnetic breaks and linears; inset-Gogi fault.
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The total magnetic intensity image, first vertical derivative and
the tilt derivative grid images were utilized to infer the magnetic
linears and breaks. The frequency plot of the linear azimuths
suggests that the majority of the trends occur between NW-SE
to SW-NE, and the dominant is along NW-SE, followed by E-W/
and SW-NE directions. Accordingly the linears are classified into
three categories and the regional trends are demarcated (Figure
3). Based on the dislocation and abutment of magnetic linear,
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the sequence of trends is inferred i.e., the oldest EW trends
are dislocated by NE-SW and the youngest trends are NW-SE
directions disrupts the predecessors. The upward continuation
of the aeromagnetic data indicates that these NW-SE and few
E-W directions are prominent even at 1000 m above terrain,
suggesting that they are of deep-seated origin and probably faults
rather than dykes (Figure 4).

i

(lineaments), ( ====:) NE-SW, ( ) Bhima sediments,( ®) City.

Figure 3: RTP-FVD grid image with basin outline (yellow) showing magnetic breaks and linears. A) NE-SW, B) EW/, C) NW-SE and D) Combined.
Note: (— ) NW.-SE (lineament), ( ==== )NW.SE, ( === ) EW/ (lineament), (

) EW, ( ) N-S (lineaments), ( =———) NE-SW
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Figure 4: Upward continuation (1000 m) of TMI-RTP showing magnetic major
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RESULTS

Quantitative interpretation

In order to compute the values associated with the inferred
geological features, few quantitative methods which are routinely
used are employed.

Depth estimates by Euler deconvolution: Euler algorithm utilizes
the spatial derivative of the magnetic field for the estimation of
the depth to the top of the magnetic structure. The conventional
approach uses Euler equation [31], and in the present case
the solutions are estimated using both the conventional Euler
equation and the rotational constraint equation from extended
Euler [32]. This approach solves both equations jointly (extended
Euler) to give distance, depth, dip, and susceptibility, assuming
there is no remnant magnetization. Later, the solution are is
validated by estimates of conventional Euler Deconvolution
and the relative difference in depths by the two estimates is
less than the given maximum percentage error, the solution
is retained; rejected otherwise. The solution for contact with
Structural Index (SI) of zero and structural index of one for dyke
is calculated. This generates a spray of solutions around the real
solution due to multiple passes with different window lengths
and is hence clustered (grouped) into single, average solution. In
view of the preponderance of dyke-like sources that is evident
in the map, solution of structural index of 1 are plotted on the
map, indicates that the solutions are lined up along the structure.
Deeper sources are seen between Gogi-Jevargi and Wadi-Sedam,
absence of shallow magnetic sources is quite evident which
further extends towards west, presumably the basin could deepen
further below the Traps. The solutions are classified as shallow
(<300 m) and deeper (>300 m) and the most obvious alignments
of interpreted sources were then drawn as lines, corresponding
mostly to the dykes and faults in the original data. The ability
of the method to pick out linear structures leads often to the
revelation of conjugate faults sets in hard rock areas, even where
it is not evident at first sight in magnetic maps. The marked
linears suggest that the NW-SE trending faults are deep seated
and the NE-SW trends are mostly shallow. Jayaprakash et al. [5],
opined that the NW-SE trending faults are deep seated and few of
the E-W faults indicate variable depths i.e. they are shallow source
towards the east and deeper towards the west (Figure 5).

Wit
WGS84 datum

Figure 5: Euler solution grid image showing the elevation of the top of
causative source. Notes () Deccan trap, ( ) EW/, ( )
NE-SW, ( ====) NW-SE, ( ) Euler solution shallow trends,

(=emm—as )Euler solution deep trends.
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Depth to basement: Dykes in general provide clear magnetic
anomalies; estimations of depths to the causative dyke bodies
from their anomalies can be used to estimate the thickness of any
overlying cover in many survey locations. However, to know the
depth of the Bhima basin (basement configuration) in the present
case, the presence of (some) dykes of post-sediment age, implies
that this may be of limited application. Majority dykes predate
the Bhima sediments and usually terminate at the unconformity
between the Archean basement and the Neoproterozoic basin,
these could then be used to estimate the depth of the basin.
Such basin depth is thought not to exceed about 300 m from
the maximum measured thickness of stratigraphic units within it.

Magnetic depth estimation by Werner Deconvolution [33], which
is a profile-based automated technique was used to generate a
Depth to magnetic Basement (DTB) model over the Bhima basin.
This technique operates on a segment of the anomaly profile
referred to as a window, and estimates a theoretical depth estimate
to the top of the body and the window moves along the profile.
By varying the window size between 500 m and 5000 m with
an increment of 100 m, solution sets are created. The structural
index of '1' for dyke type body and structural index (0) for contact
were assigned for depth estimates. Each solution set was clustered
in order to determine an average “true solution” for the depth to
basement independent of the solution windows defined above.
In this technique, the solutions close to the boundary of the
grid are unrealistic; hence the outer 1000 m of data should be
used with low confidence. The estimates are filtered by removing
spurious/spikes solution and the solutions are presented as a grid
of basement elevation with respect to W(GS84 datum (Figure 6).
The estimates in the west side are masked, as the estimates made
over the Deccan Traps are not reliable due to their interference
with magnetic signal. The basement elevation grid ranges from
approximately 650 m to 149 m respectively to W(GS84 datum. The
grid generated from Extended Euler solutions corroborate well with
the DTB grid generated by Werner Deconvolution, however the
later is more consistent with the outcropping basement rocks. The
grid image indicate two major depressions (i) trending from Gogi
towards NE and swerve NW towards Jevargi and Harwal (ii) linear
NW-SE trending depression north of Shahabad. The depression
north of Shahabad continues towards northwest and further it is
covered by Deccan Trap, apparently it is inferred that the depression
continues beneath the trap cover. Paleocurrent studies by Akhtar et
al. [2], suggested that the direction of current moving due N'W/, which
substantiated with the inference of basin deepening towards N'W/.

Figure 6: Depth to basement grid image showing the elevation of
the magnetic basement (unrealistic solution over Deccan trap are
masked). Note: ( 7= )Deccan trap, ( ==== )EY/, ( ==== )NE-SW,
(====s )NW-SE.
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The high resolution digital elevation data acquired
simultaneously with the magnetic data is utilized for generating
the DEM grid image showing elevation range of 363 m to 665 m.
By subtracting the Basement Topography Grid (DTB) from the
surface topography (DEM) the apparent thickness of sediments
is estimated as shown in Figure 7. The maximum sedimentary
thickness estimated in the basin is 274 m, which concur with the
suggested stratigraphic thickness of 270 m [24], and 300 m [5].
All the non-magnetic sediments and metasediments above the
magnetic basement are accounted for while estimating thickness

of Bhima sediment.
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Figure 7: Grid image of sediment thickness estimate (unrealistic

solution over Deccan trap are masked). Note: ( 2 )Deccan trap,
(====2)EW, (====+ )NE-SW, ( mm=m=- INW-SE.
DISCUSSION

Discussion based on magnetic inferences

About 2500 m.y. ago the Dharwar craton attained a degree of
rigidity viz. cratonisation [34], and the platformal sediments
in the northern fringe, represented by Kaladgi-Bhima basins
overlie a denuded basement comprising Archaean granitoid-
greenstone belts and are believed to be spatially interconnected.
Kale et al. [35], equated Bhima group with Badami group as they
share similar characters viz., lack of significant deformation, the
unmetamorphosed nature, and horizontal disposition of the
sediment. Brahmam et al. [36], based on regional gravity data
suggested that the deposition of the Kaladgi and Bhima sediments
in two rift valleys (Koyna and Kurdwadi Rifts) are marked by
two conspicuous gravity lows. Temporally, possible age spans of
the two basins approximately correspond to the ‘boring billion’
or ‘barren billion” (1.8-0.8 Ga) marked by relative quiescence
in plate tectonic movements [37]. Dongre et al. [38], suggested
older than 1100 Ma age for Bhima and Kurnool basins from the
presence of Bhima and/or Kurnool limestone xenolith within the
Siddanpalli Kimberlite (1090 Ma age). The TIMS U-Pb date of
1266 + 76 Ma for coffinite from the Gogi hydrothermal uranium
deposit in the brecciated Shabad Limestones [39], supplement
the inference of Bhima deposition prior to 1200 Ma. In view of
these aspects, it is prudent to relate tectonic evolution of both
Kaladgi-Badami and Bhima basins, contrary to the prevailing
hypothesis of evolution of Bhima basin in isolation. Due to lack
of comprehensive geophysical data detailed study of Kaladgi and
Bhima basins could not be studied particularly their geodynamics,
basin geometry and depositional tectonics.
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The Kaladgi and Bhima basins encompassed by Peninsular
Gneisses, granitoids, and schist belts of Dharwar craton, without
any adjoining mobile belt, signify them as intracratonic basins.
Typically, intracratonic basins are generally underlain by failed
or fossil rifts [40], and sedimentation in rift zones is generally
associated with volcanism generated by crustal thinning,
mantle upwelling, decompression and consequent partial
melting [41]. Magmatism in the form of basic sills are recorded
within the lower units of Badami Group around Suldhal area
[11], and presence of intrusive bodies concealed beneath the
Badami Group of sediments around Islampur area is inferred
from the magnetic data [14]. Intra-plate sedimentary basins
can be formed in a variety of tectonic settings, including pure
extension, transtension, pure strikesslip or compression and are
relatively common in continental areas. The initiation of basin
development/rifting may be associated with re-activation of pre-
existing lineaments or zones of weakness in the crust [42]. van
Wees et al. [43], suggested that the geometry of the preexisting
fractures and the depth of intracratonic rifts are related. They
may develop in two ways: (i) Along preferred fault directions,
in which case subsidence areas are limited by rift shoulders,
therefore showing sharp thickness changes in their sedimentary
fillings along transects perpendicular to the rift axis; or (ii) diffuse
borders extending over wide areas [44].

The interpreted linears and major trends from the magnetic data
over Bhima basin indicate three major sets i) NW-SE ii) EW
and iii) NE-SW direction, in order of prevalence. The upward
continued magnetic image depicting the regional features
suggests that the NW-SE and E-W trending features are deep
rooted which is corroborated by the Euler solution indicating
the NW-SE and E-W trending magnetic features are associated
with depth solution exceeding 500 m (Figures 4 and 5). The
major trends in the E-W features manifested as nine regional
fault signature (marked as E1 to E10). The linear magnetic
anomalies along the fault are more consistent with shallower as
well as deeper depths and are likely to reflect the position of the
edges of the horsts or tilted blocks within the basin, such kind
of patterns are recognized in other extensional basin settings
[11,45]. Further, the depth to magnetic basement suggests that
the block north of the fault is down thrown with respect to the
block in the south. Such signatures are prominent in E1 (Tirth
Fault), E2 (Hunsagi Fault), E4 (Gogi Fault), E5, E6 (Shahabad
Fault), and E7 (Kirni Fault) and E9; however at E3, E8 and E10
the signature shows no such change (Figure 8). The evolution of
the Kaladgi-Badami Basin was controlled by movements along
east-west trending normal faults under an extensional stress
regime [5,37]. The E-W trending features in the southern part of
Bhima basin are spatially correlatable with the Jamkhandi Fault
and Almatii Fault along the northern basin margin of Kaladgi
basin [11]. These faults have affected the Bagalkot Group and
probably they are preexisting or reactivated post Bagalkot. It is
surmised that this E-W event is responsible for the initial faulting
(gravity) with initiation of sedimentation of Badami group basin
concomitantly Bhima group.

The signatures for the extensional tectonic are generally not well
developed and it is relatively difficult to reconstruct the tectonic
evolution of basins, particularly when affected by a strong
deformation associated with the subsequent compressional
tectonics [45,11]. Relatively low count of NESW trending
magnetic linears are observed over the Bhima basin which
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suggests that either the deformation is limited in nature or the
trend are obliterated by later episode. The NE-SW major trends
show an anastomosing pattern, which are usually associated with
strikeslip fault system and resulting in an en-echelon lozenge
shaped depiction [46]. As observed the NE-SW major trends
lie along the peripheral part of the Bhima basin, inkling as
bounding the margins of the basin (Figure 4). The Euler solutions
associated with these faults suggest shallow nature (less than 500
m) for these fault zones. At places they seem to have modified/
rotated the preexisting E-W faults, as evident conspicuously along
Gogi fault. Previously, the Gogi fault was mapped from Gogi to
Kurlageri based on the available data and ground observations,
however the magnetic data indicate that around Malla buzurg,
a NE-SW trending fault affects the Gogi fault and swerves it
towards Southwest Kalakeri (inset in Figure 2).
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Figure 8: Euler solution grid image showing E-W trending faults
effecting the basement configuration. Note: ( % )Deccan trap,

(m———)EW.

The most dominant trend observed in the magnetic data
is the NW-SE direction, and is seen to have disturbed the
precedent trends. These trends indicate to be the most pervasive
deformation, and upward continued (1000 m) magnetic image,
show the NW-SE signature persists, implying their deep seated
nature. The Euler solution indicates deep sources are associated
with the NW-SE trends and corroborate the inference of deep
seated nature of the fault. These NW-SE trending features have
major role in defining the present day basin configuration. The
most prominent of these faults is the Wadi fault, and the Euler
solutions associated with this fault suggest it as a deep seated
fault. The sediment thickness image indicate thicker succession
lying NE of the Wadi fault, further suggesting that the northern
block of the NW-SE trending fault is thrown down (Figure 7). The
NW-SE faults indicate displacement both in strike and dip and
have dislocated the precursor EEW and NE-SW faults. Rajaram
et al. [47], suggested that the NW-SE magnetic trends around the
northern part of Dharwar craton are also seen within the Bastar
craton and are in accordance with the Godavari Graben trends
and may have been influenced by the opening of the Godavari
Graben. The greenstone belts of the EDC viz., Mangalur, Raichur
and Narayanpet have regional trends along NN'W-SSE to NW-SE
which is nearly perpendicular the long axis of the oval shaped
Bhima basin, it would be a construe to imply NW-SE trends in
basin evolution.

The inlier exposed around Shahabad lie between the E-W
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faults E6 and E7; occur at the intersection of Wadi fault. The
shallow basement and the inlier are possibly the manifestation
of the faults, and might have resulted by rotation fault (scissor-
faults, which change from a normal fault at one end to a reverse
fault at the other). This inference supports the thicker sediment
sequence on the north down thrown block of the Wadi fault and
a shallow/exposed basement to the South.

Discussion and its implication on basin evolution

The evolution model by Jayaprakash et al. [5], proposes the NE-
SW transtensional fault systems, with secondary and tertiary
shears developed along initial planes of weakness, all in unison
to form lozenge shaped graben thus initiating the Bhima basin.
Jayaprakash et al. [5], opined that middle Proterozoic Eastern
Ghat Mobile Belt (EGMB) orogenic event (around 1.0 Ga)
involving the subduction of the eastern margins of the Dharwar
Protocontinents gave rise to transtensional faults, which
are responsible for extension and yielded pull apart basins.
This hypotheses presumed the evolution of Bhima basin in
Neoproterozic times, and the new geochronological data suggest
revision of age of Bhima basin into the Mesoproterozoic (~ 1.1-1.2
Ga) [38,39]. The EGMB is the product of the collision between
East Antarctica and India [48]. Recent reliable geochronology,
geothermometric and geobarometric studies of EGMB rock units
indicate that the docking between the two continents did not
occur until about 1.1 Ga and continued up to 0.55 Ga, roughly
coinciding with the Rodinia assembly [49,50]. In view of these
geochronological data, it is evident that the sedimentation of
Bhima basin occurred prior to the exhumation of the EGMB.
The NE-SW faults associated with Bhima basin development
may be a reactivation of structures that are parallel to the passive
margin prior to the collision with East Antarctica. Invoking the
compressive forces involving 1.0 Ga EGMB orogenic event with
left lateral strike slip for initiation of NE-SW lozenge shaped
Bhima basin lying as close as 200 km can be ruled out. Further,
the NW-SE and the NE-SW trending faults have affected the
EW trending faults as suggested by the magnetic data. The
kinematic evolution proposed by Jayaprakash et al. [5], of riedel
shears, which are subsidiary shear fractures that propagate a short
distance out of the main fault are synchronous movement on all
fractures accommodate strain in the fault zone i.e. coeval with
NE-SW main fault, is untenable.

Kale et al. [4], have opined that a shear couple along NW-SE
with dextral transtensional movement has resulted in the form
of a shallow pull-apart basin. Further, added that this movement
resulted in east-west-trending second-order gravity faults, giving
rise to rectilinear sags filled up with shallow water sediments.
However, the magnetic data indicate that the EW trends are
regional trends and are disturbed by NW-SE direction faults.
It is inferred from this study that a compression from SE, has
resulted in dextral displacement along the Wadi fault, being the
main axis and has affected the preexisting E-W faults, particularly
evident in Gogi fault. The dip of major faults limiting the basin
also influences the relative position of the fault walls with
respect to their previous role during extension [51]. That is, the
dip of faults defines whether the downthrown block during the
extensional stage will become uplifted or remain downthrown
during inversion. Steeply dipping faults can be a catalyst for the
relative position of the two blocks to remain unchanged and for
folding and thrusting processes to affect the main fault. This

7



Sridhar M, et al.

one may change its dip sense to finally become a reverse fault.
In the E-W trending Gogi fault, the reverse faulting is observed
in segments only and not along the entire length of the fault and
has probably originated due to compression from southeastern
direction [52]. Due to overriding process during reverse faulting
the beds of limestone got folded and forms steep southerly dip
with fault breccia. Post depositional hydrothermal uranium
and copper mineralization occur along a few east-west-trending
faults, which extend into the basement granitoids viz., Gogi-
Kurlagere Fault zone. As evident at Gogi uranium deposit, the
basement granitoid is uplifted over the Bhima sediments [53].
This suggests that movement along some faults occurred in the
post-depositional period also, as manifested in Bhima sediments
which are gently dipping to steep dips along the E-W and NW-SE
trending basin margins faults. Exceptionally, at places the NE-
SW trends are seen dislocated by E-W trends, considering the
above facts it can be assumed that during compression along SE
direction, the reactivation of E'W trends might have yield it. The
qualitative and quantitative analysis of the magnetic data, suggest
that the E-W trending faults are normal faults and generally the
northern block is down thrown. These faults are later effected by
NE-SW trending shear couple, in its entirety resulting in shallow
depression bounded by NE-SW, where sedimentations have taken
place and the NW.SE trending faults seems to the reactivation
of inherent structural grain of Dharwar Craton [54,55]. The
sedimentation of Bhima basin represent platform deposits of
shallow marine, near shore environments and is indisputably
concluded by sedimentological studies [2,4,5].

CONCLUSION

With the comprehensive coverage of high resolution heliborne
magnetic data over Bhima basin, withal the inferences are
drawn viz., the EW, NE-SW and N'W-SE faults their disposition,
basement configuration and estimation of thickness of sediment
pile and further suggests that the Bhima basin has possible evolved
over a failed E'W trending rift zone, surmised as reactivation in
the northern Dharwar Craton, after sedimentation of Bagalkot
group. Later the NE-SW shear couple bounding the geometry to
a lozenge shape with long axis along NE-SW/, probably defines the
basin boundaries, can be correlated with the docking of EGMB.
The last episode is the NW-SE trending dextral strike slip faults
which has affected the Bhima sediments as well as the preceding
E-W and NESW trends, have defined the present day basin

configuration.
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