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Abstract

The Gondwana successions (1 -4 km thick) of peninsular India accumulated in a mumber of discrete basins during Permo-
Triassic period. The basins are typically bounded by faults that developed along Precambrian lineaments during deposition, as
well as affected by intrabasinal faults indicating fault-controlled synsedimentary subsidence. The patterns of the intrabasinal
faults and their relationships with the respective basin-bounding faults represent both extensional and strike-slip regimes. Field
evidence suggests that preferential subsidence in locales of differently oriented discontinuities in the Precambrian basement led
to development of Gondwana basing with varying, but mutually compatible, kinematics during a bulk motion, grossly along the
present-day E—W direction. The kinematic disparity of the individual basins resulted due to different relative orientations of the
basement discontinuities and is illustrated with the help of a simple sandbox model. The regional E-W motion was
accommodated by strike-slip motion on the transcontinental fault in the north.

Kevwards : Gondwanaland; Permo-Carboniferous; Crustal extension; Sedimentary basins

1. Introduction

The sedimentary strata that accumulated in differ-
ent areas of peninsular India between Permo-Carbon-
iferous and Triassic (290-208 Ma) are referred to as
Gondwanas (Fig. 1; Fox, 1931; Robinson, 1967;
Venkatachala and Maheswari, 1988; Veevers and
Tewar, 1995), The Gondwana deposits mark resump-
tion of sedimentation in the peninsular India in Late
Carboniferous afier a long hiatus since the Proterozo-
ic. The successions share the faunal and foral char-
acteristics of the equivalent strata of South America,
South Africa, Australia and Antarctica—the other

constituents of the southem hemispherie part (Gong-
dwanaland) of the Paleozoic supercontinent Pangea
{Veevers and Tewari, 1993). Evidently, formation of
Gondwana basins in India as well as in other con-
tnents records a major tectonic event of the earth
{Hobday, 1987), which Veevers and Tewari (1995)
interpret as driven by the episodic release of Pangean-
induced heat.

The Gondwana successions are preserved inoa
number of discrete basins in the peninsular India
{Figs. 1-3). The structural basins are relics of the
original depositional master basin that was disrupted
during and after deposition (Veevers and Tewartd,
1995}, The basins define three linear belts along the
present-day river valleys of (1) Nammada— Son—Dam-
odar (NSD), (2) Pranhita—Godavan (PG) and (3)
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Mahanadi (M) (Fig. 1). The latter two river valleys are
subparallel to each other and meet the ENE-WSW
trending NSD wvalley and the present-day eastern
margin of the subcontinent at high angles. Regionally
persistent dislocation zones of antiquity flank these
belts (MNarula et al., 20003) (Fig. 3). The basin fills are
commonly asymmetric with an overall increase in
thickness towards one of the boundary faults, and the
strata are also affected by intrabasinal gravity faults
reflecting synsedimentary downward displacements
{Raja Rao, 1982, 1983, 1987; Ghosh and Mukhopad-
hyay, 1985; Agarwal et al,, 1993; Lakshminarayana,
1994; Casshyap and Khan, 2000; Peters and Singh,
2001; Ghosh, 2002) (Fig. 4). The Bouguer gravity
anomaly contours (Fig. 5) as well as drill-hole data
again indicate an ~ 4 km thickness of subsurface
Gondwana strata, implying synsedimentary tectonic
subsidence (Veevers and Tewan, 1995; Mishma et al.,
1999y, Fault-controlled subsidence had been responsi-
ble for the nucleation and evolution of the Gondwana
basins of peninsular India (Mitra, 1987; Veevers and
Tewart, 1995; Biswas, 1999) under a bulk extensional
tectonic regime due to faillure of the attenuated crust
along preexisting zones of weakness imparted by
Precambrian structural fabries (Chatterjee and Ghosh,
1970; Nagvi et al., 1974; Mitra, 1994; Biswas, 1999,
Acharyya, 2000). Permo-Carboniferous glaciogenic
deposits at the base of the individual basms demon-
strate their development in response to a regional
{global) tectonic event (Casshyap and Tewari, 1991;
Veevers and Tewan, 1995; Biswas, 1999), so that the
kinemates of individual basins ought o be mumally
compatible. Eardier studies on a few disparate Gond-
wana basins revealed their graben-like configuration,
so that authors mvoked local extensional tectonics
(Qureshy et al., 1968; Raiverman, 1985; Ghosh and
Mukhopadhyay, 1985; Mishrma et al., 1987, 1999,
Casshyap and Khan, 2000; Peters and Singh, 2001;
Ghosh, 2002). These studies, however, did not con-
sider the constramt that any proposed kinematics of an
individual basm ought to be mutually compatible with
that of the others. Moreover, no attempt has been made
to investigate the mechanism of development of the
Gondwana basins maintaining kinematic compatibility
In response o a smgle tectonie regime.

This study analyzes the faults associated with the
Gondwana basins and infers the kinematies of indi-
vidual basins, which differ from basin 0 basin, in

contrast o the existing notion that all these basins are
extensional in natwre. We show how the kinematic
behaviour of mdividual basins may vary but remain
mutually compatible. The study mdicates that all the
Gondwana basins developed under a single tectonic
regime characterized by a roughly E-W motion. The
motion-induced strike-slip displacement on an E-W
oriented precursor fault lineament and orthogonal
extension across two preexisting fault zones disposed
at high angle o the direetion of bulk E-W motion.
This caused preferential subsidence in locales of
preexisting discontinuities in the Precambrian base-
ment and led to development of an amray of sedimen-
tary basms of vaned kinematics along the present-day
river valleys of Namada— Son—Damodar, Pranhita—
Godavan and Mahanadi (Fig. 1).

2. Spatial distribution and basinfill characteristics

The Gondwana basins are intracratonic within Pre-
cambrian terranes (Figs. 1 and 3). They are disposed
along the ENE—WSW rending Narmmada— Son—Dam-
odar (NSD) valley, NNW-85E trending Pranhita—
Godavan (PG) valley and NW —SE trending Mahanadi
(M) valley (Fig. 1). The basins that occur along the
NSD walley from west o east are Satpura, Rewa,
Karanpura, Bokaro, Jhana and Ranigunj (Figs. | and
3). There are two other basins along the belt, viz,
Daltongunj and Rajmahal basins that occeur northwest
of the Kamnpura basin and northeast of the Ranigunj
basin, respectively (Figs. 1 and 3). The PG valley is
characterized by an elongate basin northward of which
oceurs the Satpura basin (Figs. 1 and 3). The M valley
comprises of three basins known as Hasdo—Arand,
Mahanadi and Talchir basins, and at its junction with
the NSD valley occurs the Rewa basin { Agarwal et al|
1993; Figs. 1,3 and 8)). Besides these basins, there are
several other small diserete outliers of Gondwana
deposits in the peninsular region including those
occurnng in the east coastal region at the mouths of
the Pranhita—Godavan and Mahanadi rivers (Fig. 1),
which are not dealt with in this study.

The preserved thickness of the dominantly silici-
clastic Gondwana succession ranges between 1 and 4
km (Fig. 2). The glaciogenic Talchir and the overlying
coal-bearing Barakar Formations represent the lower
part of the Gondwana succession showmg uniform
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characteristics in all the basins. However, the overy-
ing formations have vadable lithological and sedi-
mentological attnibutes in different basins, and their
mterbasinal correlation 15 difficult based only on
physical chamcteristics and relative stratigraphic po-
sition; consequently, barring Talchir and Barakar, the
other formations have been assigned different names
in different basins (Robinson, 1967; Figs. 1 and 2). In
many of these basins, there are also packages of post-
Gondwana (Jurassic/Cretaceous) sedimentary strata
that unconformably overlie the Penmo-Trassic suc-
cession and, in some basing, are intruded and overlam
by basaltic trap rocks associated with the Deecan
voleanism erupted duning Cretaceous period (Robin-
son, 1967; Figs. 1 and 2),

Traditionally, the Indian Gondwana successions,
barring the Talchir Formation, have been interpreted
as representing deposition in alluvial settings (Fox,
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1931; Robinson, 1967; Rya Rao, 1982, 1983, 1987;
Casshyap and Tewan, 1991; Veevers and Tewari,
1995). The Talchir Formation largely comprises of
glacial and glacial outwash (glacio-fluvial) deposits
along with lithofacies representing subaqueous depo-
siion from mass flows and suspension settlement at
depths of a few tens of meters (Smith, 1963; Banerjee,
1966; Casshyap and Qudwair, 1974; Mukhopadhyay
and Bhattacharya, 1994; Veevers and Tewan, 1995;
Dasgupta, 2002). A few beds containing marine fossils
within the Talchir Formation indicate an early Penmnian
marine incursion (Cowper Reed, 1927; Ghosh, 1954,
2003; Ahmad, 1957; Ahmad and Khan, 1993; Dutta,
1965; Chaudhuri, 1985; Venkatachala and Tiwari,
1987; Chakmborty, 1993; Veevers and Tewari, 1995;
Biswas, 1999). The rest of the Gondwana succession
comprise fluvial deposits and formations have been
delineated mainly on the basis of (1) proportion of
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Fig. 2. Stratigraphic successions of the Gondwana Supergrmoup at different locations shown in the inset.
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channel-belt and floodplam strata, (2) the infered
fluvial style (braided, meandenng, anastomosed) and
{3) type and maturity of paleosols developed on the
floodplain strata (Maulik et al., 2000). Interspersed
with these fluvial sirata oceur sediments representing
deposition in subaquatic condition ( Ahmad and Khan,
1993; Gupta, 2000; Chakraborty and Sarkar, 2000).
The paleoflow is dominantly towards N—NW in all the
basins except the Damodar valley ( Kamnpura, Bokaro,
Jharia and Ranigunj) where the flow vares from NNW
to W (Casshyap, 1973; Veevers and Tewan, 1995).

3. Structural framework of the basins

The three dver belis (NSD, PG and M), along
which the Gondwana basins occur (Fig. 1), are

flanked by distinet dislocation zones (Fig. 3), many
of which are deeply buned and considered to have
formed durng the Precambrian (e.g. Son—Nannada
fault, Tan shear, Godavan wvalley fault, ete.) and
subsequently reactivated (Nagvi et al, 1974; Kaila,
1986; Mitma, 1994; Acharyya, 2000). Demarcation of
the Gondwana basinfills by these disconunuities (Fig.
3) suggests their rejuvenation during the development
of the basins in Permo-Carboniferous time. It is thus
implied that the rigid basement on which the Gond-
wana basins formed was charactenzed by preexisting
discontinuities that seemingly have controlled the
formation of mdividual basins in response to the bulk
tectonic regime. In the following sections, we descnbe
separately the fault pattems observed in the Gond-
wana basins and infer the probable kinematic con-
ditions {or their development.
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3.1, Pranhita—Godavari basin

The Pranhita—Godavart basin 15 a NNW-S5E
trending elongate basin (400 km long, 75 km wide)
and its eastem boundary 15 marked by the Godavan
valley fault rending NNW —S5E, which parallels the
strike of the basinfill strata (Fig. 3). The fault dips
steeply, while the strata dip easterly indicatng that
downward displacement of the hanging wall was
preferentially localized along this fault leading to a
half=graben geometry and led to accumulation of a
sediment pile as much as4 kmthick (Figs. 2 and 4). The
Bouguer anomaly contours also conform to the shape
of the basin and are closely spaced at the eastern margin
(Fig. 5). The western margin is also demarcated by
faults (Fig. 3). There are numerous intrabasinal nonnal
faults affecting the basinfill strata. Some of these
intrabasinal faults may define subsidiary hall-grabens
within the master basin (Fig. 4). The faults are gener-
ally anastomosing in nature and locally branch out
making oblique odentation to the basin elongation,
which may apparently look like those observed in
oblique-type rift setting {McClay et al., 2002). How-
ever, their overall orentation is grossly parallel to the
length of the basin (Fig. 6). This type of branching fault
pattem is also observed in many orthogonal rifi basins,
e.g. East African rift systems (Lezzar et al., 2002) and
Norwegian North Sea rifts (Badley et al., 1984).

In summary, the Pranhita— Godavan basim appears
to be a typical nfi basin with a master, bounding fault
to the east and suffering nearly orthogonal extensional
displacement towards WSW (ef. Biswas, 2003). The
basin is slightly asymmetdeal, showmg the depot of
thickest sedimentary piles closer to the westem mar-
ein. The asymmetry has probably developed due to a
mode of movement across a basement discontinuity
wherein the westemn block was active and moved
westerly, whereas the eastern block remained station-
ary. Physical experiments show that nft basins that
arise due to this type of motion are generally asym-
metrical, forming successive new normal fhults away
from the moving block (ef. MeClay and Ellis, 1987ab;
Mauduit et al., 1997; see also Schlische, 1991).

3.2, Satpura hasin

The Satpura basin (200 km long, 60 km wide) is
rhomb-shaped, relatively long in the ENE-WSW

direction and its longer sides are marked by the
ENE-WSW rendng Son—Nammada south fault and
Tapti north fault (Figs. 3 and 7). These faults are
subvertical and show evidence of sinke-slip move-
ments (Biswas, 1999, 2003). There 1s also a fanlt at
the westem margin disposed at a low angle between the
strike-slip faults, tending to link them with an easterdy
vergence (Figs. 3 and 7). The eastern margin of the
basin apparently does not reveal existence of faults
perhaps due to burial by Deccan Traps (Fig. 1) The
regional strike of the strata is NE—SW, and the regional
dip {~ 57) is northerly. The intmabasinal faults are
normal and among them, the dominant set trends along
NE-S5W, making angles of around 25 ° with the bound-
ing strike-slip faults. Another set of inrabasinal faults
trend NW-SE, making high angles ( = 70°) with the
sirike-slip faults (Fig. 7). The basin profile also indi-
cates fault-controlled subsidence (Fig. 4).

The rhombohedral shape of the Satpura basin
bounded by strike-slip faults and presence of a cross
fault linking them at the westem margin indicate a
pull-apart basin {Crowell, 1974; Aydin and Nur, 1985;
Christie-Blick and Biddle, 1985). This basin might
have developed on a releasing jog along an ENE—
WNW trending wanscurrent zone. Easterly vergence of
the western sidewall fault indicates development of the
basin as a result of sinistral strike-slip movement along
a lefi-stepping fault system. The NE-SW trending
intrabasinal faults that are at low angles to the strike-
slip faults probably represent the cross-basin fault
system commonly observed in nawral and expenmen-
tal pull-apart basins (Dooley and MceClay, 1997). The
NW —5E trending ntrabasinal fauls subtending high
angles with the strike-slip faults might represent the
extensional fault system that commonly form in pull-
apart basins as a result of extension across the stepover
during stnke-slip displacements along side-stepping
faults (Dooley and MceClay, 1997; Basile and Brun,
1999: Sims et al., 1999). The association of low- and
high-angle faults as observed in the Satpura basin has
also been reported from several pull-apart basins, e.g
Salina del Fraile strike-slip basm ( Dooley and MeClay,
1997).

3.3. Rewa basin

The Rewa basin is also rhombic in shape, relatively
long in ENE—-WSW direction (400 » 150 km; Figs. 3
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and 8). A set of faults parallel to and along with the
ENE-WSW wending Son—NMNammada south fault
bound the basm in the north defining the Malwa
Adge, which show evidence of sinke-slip movement
(Raja Rao, 1983; Agarwal et al, 1993). A set of
ENE-WSW trending faults run along the middle of
the Rewa basin dividing it into northern and southem
compartments (Figs. 3 and 8). The basin is separated
from the Hasdo—Armnd basin in the south by a

basement ridge { Manendmagarh— Pratappur Ridge) that
follows the ENE-WSW trending Bahmni—Chilpa
and Manendragarh—Tatapani faults showing evidence
of sinke-slip displacement (Raja Rao, 1983; Figs. 3
and 8). The basinfill srata generally have low dips
{ = 3%) towards northwest. There are two sets of
mtrabasinal faults, one making low angles to the basin
boundaries in both clockwise and anticlockwise direc-
tons, and the other set is at high angles with trends
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varying {rom NNE-S5W o NNW-55E (Raja Rao,
1983; Fig. 8). The basin profile indicates fault-con-
trolled subsidence (Fig. 4).

Evidence of stike-slip displacement along the
ENE-WSW trending bounding faults of the northem
and southern Rewa basins and presence of intrabasinal
cross fauls suggest that the basins developed due to
strike-slip motion. It s also implied that there were
relative displacements between the northern and south-
ern blocks of the Rewa basin along the dividing fault

3.4, Hasdo— Arand basin

This basin is an equant, thombic basin (80 = 80
km) separated from the northedy occurring Rewa
basin by the ENE-WSW tending Manendragarh
basement ridge in the north (Figs. 3 and 8). A
basement ndge (Maughata Ridge) also marks its

southem margin, which is characterized by a set of

ENE-W SW trending strike-slip fanlt zone (Tan shear;
Figs. 3 and 8). A NW-5E trending fault zone
demarcates the western basin boundary (Figs. 3 and

8). There are also faults at the eastern margin of the
basin. The swatal disposition deseribes a broad syn-
clinal structure. The dominant set of intrabasinal
normmal faults rends along NW-SE (Fig. 8).
Apparently, sediment accumulation in the Hasdo—
Arand basin took place due w subsidence associated
with displacements along the normal faults trending
NW -SE implying an extension across the NW-SE
trending westem boundary fault. The extension zone
was confined between two parallel transcurrent zones

that bound the basin mn the noth and south.
3.5, Mahanadi basin

South of the Hasdo —Armand basin along the Maha-
nadi valley (Fig. 1) occurs the NW-SE elongate
Mahanadi basin (200 km long, 50 km wide), which
is bounded on the southwest by a major fault dipping
casterly (Figs. 3 and 8). It 15 separated from the
Hasdo — Arand basin by the Tan shear and the southem
extent 15 limited by a strike-slip fault zone trending
WNW —ESE that marks the eastem boundary of the



i C. Chakrabarty et al. / Tactanophysics 377 (2003) 299324

= 25° I
82

80 km.

[

— 24
Northern Rewa

- 23"

Southern Rewa

Hasdo-Arand

NORTH SON-MAHANADI VALLEY BASINS

|
83

—22"

s : Mahanadi
<
!
\\ R \\.\ R
e v
-~ \\\\;\\ \\"
L \;.\\""
[\
vy _/\\
N -
S
b

Fig. 8. Structumal architecture of the Rewa, Hasdo—Arand and Mahanadi basins as revealed from remote sensing data. Bold lines mark faults
observed in the field. Shaded areas mpresent basement. Orientations of intrbasinal faults are shown by the Rose diagram in the inset in which

the bold line mepresents the boundary fault.

Talchir basin (Fig. 3; see below). The basinfill strata
generally strike along the length of the basin defining
a broad synclinal structure. The Bouguer gravity
anomaly contours (Fig. 3) are closely spaced near

the westem margin indicating greater thickness of the
basinfill close to the boundary fault. Intrabasinal
normal faults show trends dominantly along NW-
SE with both easterly and westerly dips (Fig. 8).
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The structural architecture of the Mahanadi basin
resembles extensional basins with a master, bounding
fault to the west, suffenng an easterly extension
confined between two tmnscurrent zones across the
length (ef. Mishra et al., 1999).

3.6. Talchir basin

This is a WNW-ESE elongate, rhombic basin
occurring south of the Mahanadi basin (Fig. 3). lis
northeastern and southwestern boundaries are
marked by major faulis (Fig. 3). The regional stoke
of the strata varies from ENE-WSW tw ESE-
WNW. Three sets of ntrabasinal faults are present,
one of which is subparallel to the strike of the strata.
The other sets generally have WNW-ESE and
NNW-S5E onentations.

The rhombic shape of the basm coupled with the
presence of cross-basin faults linking the boundary
faults at low and high angles suggest that the Talchir
basin is likely be a pull-apart basin (Crowell, 1974,
Aydin and Nur, 1985; Christie-Blick and Biddle,
1985; Basile and Brun, 1999; Sims et al., 1999) with

predominantly strike-slip displacements along the
WHNW —ESE trending boundary faults.

3. 7. Daltongunj hasin

This 15 a narrow, elongate basin with an overall
trend along E-W (80 km long, 15 km wide). The
basin describes a conspicuous Z-shaped geometry in
plan (Fig. 3). The southern margins are demarcated by
prominent faults. Strata dip gently and are intersected
by intmabasinal faults, the trend of which varies
between NW —SE and NE-SW. The features suggest
a fault-bend (lazy Z) basin formed due o dexiral shear
movement on a strike-slip fault trending roughly
along E-W.

38 Damodar valley basins

Along the E-W trending Damodar valley, several
discrete basins occur that are broadly similar in
morphology and structural charactenstes (Figs. 1, 3
and 9). They are all rhombie, fault-bound basins with
numerous intrabasinal faults making high angles 1o
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Hutar Auranga

T DAMODAR VALLEY BASINS
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Fig. 9. Armngement pattem of the bounding faults of the Damodar valley Gondwana hasins. Mote that the bounding fults are arranged with lefi

stepping as schematically shown at the bottom.
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the bounding faults along their longer sides. The
structural features of the major basins of the Damodar
valley are deseribed below.

3.8 1. Karanpura—Bokaro master hasin

The Karmnpura and Bokaro basins along with the
small outliers of Auranga and Hutar together consti-
te a sigmoidal master basin (Figs. 3 and 9). The
Karanpura basin forms the swollen core of the master
basin, whereas the Hutar—Auranga and Bokaro basins
represent the narow wings of the *58°. A prominent
fault zone trending E—W marks the southern margin
of the Karanpura basin with evidence of stnke-slip
movement (Fig. 9, Raja Rao, 1987). The northem
margin also shows faults at places. The basinfill strata
have low dips and their outerops grossly conform o
the basin margins defining a synclinal structure with
centripetal dips. The mtrabasinal nommal faults dom-
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inantly trend along NW-SE. There are also some
intrabasinal faults trending E-W (Fig. 10). The
Bokaro basin represents the northem wing of the 5-
shaped master basin and s a namow, elongate basin
trending roughly E-W (Fig. 9). A fault zone marks its
northem boundary (Fig. 9). The strata define a broad,
gentle synelinal structure with E-W rend. Numerous
mirabasinal, normal laults afect the strata, which
dominantly trend along NW-SE and NNE-S5W
(Fig. 11). The small outliers of Auranga and Hutar
ogether representing the southem wing of the S-
shaped master basin also show faults along their
southem margins (Fig. 9).

3.8.2. Jharia basin

This 5 a slightly elongate, rhombic basm (40 km
long, 20 km wide) trending WNW -ESE and its
southem boundary s marked by a fault zone (Figs.
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Fig. 10. Disposition of intmbasinal faults within the Karanpura hasin. Mote their relative onentations with respect to the boundary faults shown
in the inset. Orientations of intmbasinal faults are shown by the Rose diagram in the inset in which the bold line represents the boundary fult.
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3,9 and 12). The strata define a broad, gentle syncline
plunging towards west. The trends of the inrabasinal,
normal faults vary from NW-SE to NNE-S8W (Fig.
12). The basin profile indicates fault-controlled sub-
sidence (Fig. 4).

3.8.3. Ranigunj hasin

This is a thombic basin (70 km long, 20 km wide),
relatively long in WNW —ESE direction (Figs. 3, 9
and 13). A prominent fault zone trending WNW —ESE
marks its northern boundary. The southem boundary
also shows several faults along its trend. The westem
margin of the basin is demarcated by two major faults
trending NW—SE and NNE-55W. The basinfill strata
show broad curvatures and, in general, dip southedy.
There are two seis of mtrabasinal, nomal faults
trending NNW —55E and NNE-S5W (Fig. 13). The
basin profile indicates fault-controlled subsidence
(Fig. 4).

384 Implications of the fault patterns of the
Damaodar valley basins

The boundary faults of the Karanpura, Bokaro,
Hutar and Auranga basins together define a fault
system with a discernible left-stepping, and at the
region of stepover occurs the largest basin (Karan-
pura) of the belt (Figs. 3 and 9). We thus infer that the
fault motion was sinistral, which gave rise o pull-
apart basins at the stepovers. The abundant presence
of cross faults m the basins also suggests that the
basin kinematics were dominated by strike-slip mo-
tion (ef. MeClay and Dooley, 1995; Dooley and
McClay, 1997; Basile and Brun, 1999; Sims et al,
1999). However, sporadic occurrence of E-W trend-
ing minor mirabasinal faults implies that the motion
was not purely strike-slip, but might have a wransten-
sional component (Tron and Brun, 1991). It may be
noted that the vergence of intrabasinal cross faults
pattems of the Damodar valley basins is not fully
consistent with that expected in pull-apart basins
located at a stepover with a neutral geometry { Dooley
and MeClay 1997). It seems that the stepover proba-
bly had large overap that influenced development of
intrabasinal faults with opposite vergence in the
Karanpura basin.

The trendline of the northern boundary fault of the
Bokaro basin meets the southem boundary fault of the
Jharia basin towards ecast and they are in a left-

stepping armangement with respect to the northern
margin of the Jharia basin (Figs. 3 and 9). Again,
the northem boundary of the Jhana basin is aligned
with the southern boundary fault of the Ranigunj
basin and the wend 1 in lefi-stepping armngement
with respeet to the northern boundary fault of the
Ranigunj basin (Figs. 3 and 9).

In summary, it appears that the different basins of
the Damodar valley formed along an E-W rending
lincament charactenzed by segments of a master
stnke-slip fault disposed with lefi-stepping arrange-
ment (Figs. 3 and 9). The basins were preferentially
formed in the regions of stepover as a result of sinistral
stike-slip displacements along the major lincament
{Figs. 3 and 9). The discrete mode of occurrence of
Damodar valley basins defining an army of basins
along a lineament resembles pull-apart basins ob-
served in other strike-slip fault zones, such as Anato-
lian fault zone (Roussos and Lyssimachou, 1991).

3.9 Rajmahal basin

The Rajmahal basin is the eastern most Gondwana
basin of peninsular India. This is a N-S elongate
basin (70 km long, 40 km wide) largely covered by
the Rajmahal Trap rocks (Figs. 1 and 3). A namow
stap of Gondwana strata is exposed along the westem
margin that is marked by a N—5 wending nommal fault
dipping easterly (Samthia— Bahmi fanlt). Another N-
S wending fault (Rajmahal fault) delimits the eastward
extent of the Rajmahal twap marking the castern
margin of the basin (Fig. 3). The strata strke N-8
and dip gently towards east. It is inferred that this
basin formed as a result of easterly extension across a
N-5 wending preexisting discontinuity.

4. Discussion

Traditionally, the Gondwana basins have been con-
sidered as extensional, nft basing because of the
presence of gravity faults, downward movements
along which led to accumulation of thick sedimentary
piles. However, fault-controlled subsidence is charac-
teristic not only of extensional basins, but i1s common
also in strike-slip settings (Ingersoll and Busby, 1995).
The Gondwana basms are intracratonic i nature,
nucleated along preexisting zones of weakness follow-
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ing Precambrian lineaments (Fig. 3) and fauli-con-
trolled subsidence was responsible for accumulation of
thick continental sediments. Many basin-bounding
faults extend away from the basins to mn along and
meet major, regional faults, lincaments and shear
zones among which the E-W trending faults show
evidence of strike-slip movements, whereas the N-S
trending ones are charmeterized by dip- to oblique-ship
displacements (Fig. 3). Development of the Gondwana
basins thus might have been related to a regional E-W
bulk motion n the rigid basement containing preexist-
ing weak zones. The E-W bulk motion of the crust
was terminated in the north by strike-slip zones along
the E-W trending Son—Narmada lineament (ef. Bis-
was, 1999, 2003). The continental wrench system
defined by the Son—Narmada lincament (Fig. 3) is
considered o have formed in the Precambrian, reac-
tivated many times subsequently and is still a zone of
seismicity (MNagvi et al, 1974; Crawford, 1978; Das
and Patel, 1984; Kaila, 1986). The Son-NMNarmada
lincament has been demonstrated as a trans-continental
wrench system that in the Gondwanaland assembly
extended from Madagascar up to Australia through the
Indian subecontinent (Fig. 3; Crawford, 1978; Harris
and Beeson, 1993).

The overall motion in E-W direction led o forma-
tion of discrete basins due to preferential subsidence in
locales of differently onented preexisting weakness on
the basement. The kinematics of these discrete basins
varded and they formed either as extensional or as
strike-slip basins (cf. Biswas, 1999, 2003) depending
upon the mitial orientation and pattern of the weak
zones with respect to the bulk tectonic movement. In
order to illustrate this idea, we replicated the disposi-
tion of the Indian Gondwana basins (Fig. 1) in sandbox
models {cf. McClay, 1996), which were developed in
the following manner.

We took a sheet of rigid cardboard ( 70 em long and
35 cm wide) in which cuts were made matching the
preexisting discontinuities in the basement (Fig 14).
The configuration of discontnuities was somewhat
idealzed (Fig. 15) o generate the basins observed in
the map (Fig 3). Lateral displacements of the basal
plates produced a number of fault-bound depression
zones in the sand layer with a disposition mimicking
that of the natural Gondwana basins ( Figs. 16 and 17).
It was also noticed that basins of both aft and pull-
apart types developed simultaneously under a single,

bulk horzontal motion of the segmented basal plate
(Fig. 17).

The kinematics of the Gondwana basins of penin-
sular India thus appears to have been controlled by the
initial orientation of the preexisting weakness in the
basement and can be categonzed into the following
four types (Fig. 18):

(1) Elongate grabens formed due to near orthogonal,
asymmelne extension across preexisting lmea-
ments (Fig. 18). The Pranhita—Godavan basin
represents such basins (Figs. 16 and 17). The
patterns of basin-bounding and intrabasinal faults
of the PG basin (Fig. 6) also indicate extension
across the trend of the basin and match with those
observed in earlier experimental studies (MceClay
and White, 1995; McClay et al., 2002).

{2) Rhombic basins resulting from strike-slip move-
ments along preexisting lincaments disposed with
releasing steps or bends (Fig. 18). The Satpura,
Karanpura—Bokaro, Jharia, Ranigun, Talchir and
Daltongunj basins represent this category (Figs. 16
and 17). Among them, the Talchir basin formed
above a step due to dextral strike-slip movement
along the basin bounding faults, whereas the
Daltongunj basin probably developed on a releas-
ing bend of a strike-slip fault as a result of dextral
slip (Fig. 17). The other basins represent strike-
slip basins with sinistral sense of shear movement
along the basin-bounding faults. The architecture
of all these basins (Figs. 7, 10, 11, 12 and 13)
resembles that of nawral and expernmentally
produced strike-slip basins (Dooley and MceClay,
1997; Basile and Brun, 1999; Sims et al., 1999),
and the complex fault pattems observed in these
basins are probably the result of stress perturba-
tions and motation of principal stress axes in the
stepover regions of the stnke-slip zone (Segall and
Pollard, 1980; Maerten et al., 2002).

{3) Rectangular or slightly elongate basins arsing due
to oblique, asymmetric extension acmss preexist-
ing weak planes that are bounded on both ends by
strike-slip faults pamalleling the extension direc-
tion (Fig. 18). Their difference with the sirike-slip
basins mentoned above i1s that the swike-shp
faults are not amanged in steps, but are disposed
opposite to each other parallely (Fig. 18). South
Rewa, Hasdo—Arand, Mahanadi and Rajmahal
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3D wview of the sandbox model

Discantinuity on the —\J'_l/'
Basal Plats

N

Sandpack

Basal Plale

Flan view ol the basal plate showing
disposition of discontinuities

Fig. 1 5. A schematic sketch of the experimental setup. The hasal plate consisted of several segments (A, B,. . ., 1) as deduced from the layout of
natural hasement faults shown in Fig. 14, Discontimoities marked by [0, D2, ete, represent the potential areas of dilation in response to
displacement of the segments. Straight, bold amows show the direction of motion of individual segments of the basal plate. The movement of the
segment leads to development of hasins in the sandpack as a result of fault-controlled subsidence.

basins represent this category (Figs. 16 and 17).
The southern and northeastern marging of the
south Rewa basin are marked by prominent zones
of strike-slip displacement (Fig. 8). The basin
opened over a preexisting weak zone making a
low-angle with the strike-slip zone due to
extension across it as a result of movement along
the strike-slip zones (Figs. 15-17). The intra-
basinal faults in this basin formed with alignments
grossly parallel o that of the preexisting weak
zone. The Hasdo—Amnd and Mahanadi basins
opened due o extension across preexisting weak
zones that were relatively at high angles to the
strike-slip zones bounding them (Figs. 15-17).
The intrabasinal faults trending at high angle o
the strike-slip boundanes probably represent the
orentation of the preexisting weak zone (Fig. 8).
{4) Rectangular basins developed due to symmetde
exlension across preexisting weak planes con-
fmed between two strike-slip faults orented along
the extension directon without any stepping (Fig.

18). The northern part of the Rewa basin probably
represents such a basin (Figs. 16 and 17).

The present study provides a first-hand basis for
understanding the overall development of Indian
Gondwana basins under a single tectonic regime.
However, there are many local-scale structural com-
plexities in some of the basins, which need to be
investigated separately. For example, Ranigunj basin
appears o be a strike-slip basin, which is compatble
with the regional E-W bulk motion inferred here,
and 15 also reflected in the presence of cross faulis.
However, the distnbution of cross-faults 1s somewhat
more complex (Fig. 13). Further studies are required
to explain how a pair of cross-fault sets can develop
with opposite vergence in a strike-slip regime.
Again, there are also intrabasinal faults parallel o
the basin-bounding strike-slip faults, which indicate
that the basins were not purely stnke-slip in nature,
but might have experienced transtensional move-
ment, as documented i physical experiments (Tron



Fig. 16. Plan view of the experimental model after a finite displacement along the armws. Note fault-bound depressions simulating the Gondwana basins of peninsular India and the
trnscurrent zones with push-ups. Armws indicate directions of movement of the segmemts in the hasal plate.
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1. Satpura

2. Pranhita-Gadavari
3. Morthern Rewa

4, Southern Rewa

5. Hasdo-Arand

6. Mahanadi

7. Talehir

8. Karanpura-Bokaro
9. Jharia

10. Ranigunj
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12. Rajmahal
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Fig. 17. Comparison of the dispositions of experimentally formed and natural Gondwana basins. 1, 3, 4, 7, 8 9, 10 and 11 are hasins of strike-
slip origin, whereas 2, 5, 6 and 12 represent extensional rifts.
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Fig. 18 Kinematic varieties of the Gondwmna basing of the
peninsular ndia.

and Brun, 1991). In order o resolve these complex-
ities, kinematic analyses of individual basins need o
be studied in detail separately.

5. Conclusions

The principal findings of the present study can be
summarised along the following points:

{1)The Gondwana basins of peninsular India nucle-
ated along preexisting zones of weakness i the
Precambran basement.

{2) The basins formed in response to a single regional
tectonic event.

{3) The bulk kinematics was that of a honzontal
extension grossly along an E-W direction.

{4) Disparate nucleation of the basis resulted due o
preferential fault-controlled subsidence at favour-
able locales.

{5) The kinematics of individual basins vaned due o
different onentations of the basal discontinuities,
but were compatible with one another as well w
the E-W bulk motion.

{6) The basins represent both strike-slip and exten-
sional basins,
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