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Distinct geodynamic settings of the precambrian penin-
sular India exhibit contrasting deformational systems
and associated seismic patterns. The architecture of
Archaean Dharwar craton, characterized by a mosaic
of block structure evident from various geological fea-
tures, suggests continued tectonic activity since the
Precambrian, making the region vulnerable to seismic
activity. Block rotation seems to be a plausible model
for explaining the mechanism of the Latur earthquake
considering its structural fabric and associated geo-
morphic features. The role of shear zone dynamics
appears to be significant in understanding the seismic
patterns in the Precambrian mobile belts like the
Southern Granulite Terrain (SGT). The interface bet-
ween the Dharwar craton and the SGT is marked by a
crustal-scale shear zone system, namely the Cauvery
Shear Zone (CSZ) with prolonged deformational his-
tory. The role of the CSZ in understanding the major
geomorphic ridge, which lies just north of the CSZ,
and associated seismicity, is examined. A new tectonic
hypothesis is proposed involving a north-verging blind
thrust emanating from the base of the CSZ, which
would be responsible in generating the geomorphic
ridge, and associated seismic activity. Northward
movement of the Indian plate seems to be the root cause
of continued tectonic activity in the Indian shield,
but differs in the deformational systems depending on
their crustal architecture of distinct geodynamic set-
tings.

Keywords: Block rotation, deformation system, Pre-
cambrian, reactivation, blind thrust.

THE deformational systems in the earth’s lithosphere are
characteristically heterogeneous on all scales. Deforma-
tion in the continental lithosphere is further broadly dif-
fused across high strain zones of hundreds of kilometres,
delineating distinct geodynamic settings. These settings
typically comprise domains, regional as well as local, where
fault- and shear zone-bounded blocks partition strains
into a series of complex displacements, internal strains and
rotations in response to far-field plate tectonic processes
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and large-scale body forces'. The pre-existing structures
in the continental crust such as old faults and shear zones,
which are long-lived zones of weakness tend to reactivate
repeatedly, accommodating successive crustal strains often
in terms of seismicity and new zones of displacement’.
The Indian peninsula provides a classic example of Pre-
cambrian deformational systems on all scales and their
reactivation tectonics and the associated seismic patterns.
The exposed part of the Indian peninsula broadly com-
prises diverse crust deformation systems (2500-500 Ma)
represented by Archaean Dharwar craton, Precambrian
mobile belts, intracratonic sedimentary basins, and Goda-
vari and Mahanadi rift structures’. They represent distinct
geodynamic settings. The Dharwar craton comprises granite—
greenstone terrains of variably deformed assemblages of
mafic volcanic/plutonic rocks/metasedimentary sequences,
remnants of older quartzo-feldspathic gneissic rocks and
abundant late granitoids. The Southern Granulite Terrain
(SGT) and the Eastern Ghats Mobile Belt (EGMB) repre-
sent Precambrian mobile belts constituting multiply de-
formed and metamorphosed high-grade gneisses, which
occur to the south and along the east coast respectively.
While the craton is dominated by block rotation dynamics
related to large-scale strike-slip shear zones, the mobile
belts are marked by early fold-thrust tectonics followed
by subsequent large-scale transpressional tectonics. Inter-
estingly, the interface between cratons and mobile belts is
a crustal-scale shear system, namely the Cauvery Shear
Zone (CSZ), associated with Palaeoproterozoic thrusting
and late Neoproterozoic transpressive tectonics®. Extensive
alkaline and anorthositic (mantle-derived) magmatism (1400-
650 Ma) and intrusions of granitoids (700-800 Ma) are a
common feature along the shear system. The spatial pat-
tern of seismicity in the Indian peninsula™® reveals that
seismicity is spatially related to the major tectonic ele-
ments such as shear zones/fault systems, terrane bounda-
ries and rift structures and is well reflected in significant
geomorphological changes. In view of the Precambrian
crust formation ages, the low deformation rate and relatively
less magnitude of seismic events, the region of the Indian
peninsula is also considered as a Stable Continental Region’.
This article aims to review the nature and characteristics
of regional deformation systems and associated seismic
patterns in the Precambrian Indian peninsula and focuses
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on three geodynamically distinct regions such as East
Dharwar craton, mobile belt, and the interface between
the two, choosing critical areas. We present our results
from: (i) typical cratonic region reflecting block rotation
tectonics citing Latur earthquake as an example, (i1) shear
zone tectonics of SGT, and (iii) geomorphic ridge along
13°N latitude-parallel lying at the interface between the
craton and the mobile belt, invoking a new concept of
blind thrust resulting from the far-field tectonic stresses.

Regional tectonic setting of the Indian peninsula

A tectonic map of the South Indian shield (Figure 1) has
been compiled by bringing together all the available in-
formation, mostly based on the author’s own interpretation
and results®. This map basically incorporates structural
interpretation of Landsat TM data on 1:1 million scale
and reconnaissance field traverses in conjunction with the
published geological maps. The major geological units in
this part of the Indian shield are Archaean granite—greenstone
sequence of Dharwar and Bastar cratons, which are
skirted by Precambrian mobile belts, namely the EGMB

S —

Figure 1. Tectonic map of Precambrian Indian peninsula showing
distribution of earthquake epicentral locations. Note the broad correla-
tion of seismicity with major Precambrian geological boundaries, shear
zones and graben structures.

CURRENT SCIENCE, VOL. 90, NO. 7, 10 APRIL 2006

along the east coast of India, and the SGT in the south.
These cratons are separated by NW-SE trending Goda-
vari rift filled with coal-bearing Gondwana sediments.
Narrow linear belts of high-grade gneisses shoulder the
flanks of the Godavari rift on either side. The Mahanadi
rift, comprising Gondwana sediments associated with
coal seams, separates the Singhbum craton to the north,
the Bastar craton to the west and the EGMB to the south.
It is observed that the EGMB which trends NE-SW all
along, gradually takes a southeasterly trend near Ongole
and disappears in the Bay of Bengal. It re-emerges near
Madras (Chennai) and forms a part of the SGT. The Pro-
terozoic Cuddapah sedimentary basin overlying the East
Dharwar craton, occurs at the bend adjacent to these mo-
bile belts, suggesting its genetic link with the tectono-
metamorphic history of these mobile belts which are
developed likely due to Precambrian continent—continent
collisional processes.

The Archaean Dharwar craton, in general, is character-
ized by two orthogonal systems of shear and fault zones.
The former is associated with NW-SE trending linear
granite—greenstone belts, particularly at the boundaries,
while the latter trends NE-SW, is discontinuous and often
filled with mafic dykes. The structural framework obtained
by shear systems and fault zones controls the develop-
ment and evolution of the drainage pattern.

One of the most remarkable features in the Precam-
brian mobile belts is the presence of a network of Pro-
terozoic shear zones. While the shear zones in the SGT
are broadly curvilinear but dominantly striking east-west,
the shear zones in the EGMB show varied orientations
despite their linear geometry”'®. The shear zones in the
EGMB are: NE-SW in the southern part, E-W in the northern
part, and nearly N-S in the central part, which are nearly
orthogonal to the regional trend. The shear zones in the
mobile belts vary in their size, geometry and attitude in
depth. The recognition of shear zones has resulted in major
reinterpretation of structural history, tectonic style and
has produced new models providing insights into their
crustal evolution'™'?. Tt has been well established that
several processes like partial melting, mixing with fluids
transmitted through shear zones and strain variations
combined with rheological properties affect the rocks in
the shear zones.

Regional seismic patterns

The Indian peninsular shield region has been considered
as a stable land mass and the seismicity is assumed to be low,
although micro earthquakes are reported, particularly at
its margins'’. However, historical seismicity and the ex-
perience of about 11 earthquakes of magnitude M > —6.0
since the 18th century'®, clearly reveal that the Indian
shield is not stable as considered earlier. This is particu-
larly evident from recent disastrous to catastrophic earth-
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quakes such as Koyna of 1967, Latur of September 1993,
Jabalpur earthquake of 1997, etc. The plot of epicentral
data (Figure 1) shows moderately distributed seismicity
in the region. The regional distribution appears to be more
of cluster nature in the Dharwar craton while it is more
diffused in mobile belts such as the EGMB and the SGT.
Close examination indicates a fair concentration of events
at the contact zone between the Dharwar craton and the
SGT. This zone has also been geologically described as
the transition zone from amphibolite facies to granulite facies
metamorphism. Interestingly, a seismic belt of moderate
seismicity has been identified along this zone'”. Seismicity
is also more pronounced along the coastal zones, while it
is isolated and clustered and mostly restricted to major
shear zone systems within the EGMB and SGT. A broad
correlation of seismicity with Precambrian geological
boundaries, shear zones and fault patterns seems to be
plausible as the sites of reactivation. The reactivation tec-
tonics might have resulted in neotectonic movements,
geomorphic rejuvenation, peculiar drainage patterns,
anomalous river responses and the observed seismicity
patteran.

Block rotation tectonics in the East Dharwar
craton

The Archaean crust in the East Dharwar craton (EDC),
west of the Proterozoic sedimentary basin in the southern
part of the Indian peninsula, consists of granite—greenstone—
gneiss terrain and is dissected prominently by two major
subvertical shear zones and fault systems. They include:
NW-SE trending shear zones associated with linear
greenstone belts and NE-SW trending brittle shear sys-
tems often occupied by mafic dykes, quartz reefs, pegma-
tites and epidote veins. Besides, the terrain has also
witnessed periodic pulses of intense dyke activity (2200—
80 Ma) in varied dimensions and orientations, and the
emplacement of kimberlites (1100 Ma). Based on the re-
gional structure revealed by Landsat data, and several
important structural details, a small region in the central
part of the EDC was studied for details. From the aerial
photos followed by limited field studies, a tectonic model,
i.e. sequence of events with their results, was envisaged
broadly in two regimes: first, in the development of mo-
saic of blocks, and secondly, in the rotation of blocks
about the vertical axis'’. The mechanics of block rotation
cause spatial and temporal heterogeneities at the block
and domain boundaries, which are intrinsically linked to
fault kinematics'®. The model also implies slow and pro-
longed tectonic processes, shallow-level internal deformation
(~ 10 km depth), local stress variations, fault reactivation
and generation of a new set of faults (splays) in the prox-
imity of older faults. Block rotations are interpreted to be
responsible for moderate earthquakes as well as recent
geomorphological changes. The Indian peninsula has wit-
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nessed significant geomorphological changes such as anoma-
lous drainage patterns, river diversions, stream capture,
etc.””. All these features indicate that the region has been
subjected to continuous tectonic activity, resulting in re-
activation tectonics in space and time along the pre-existing
Precambrian structures, reflecting the crustal deformation
and uplift often associated with spatially restricted seis-
micity.

Block rotation tectonics and the Latur earthquake:
an example

The Latur earthquake of 30 September 1993 with magnitude
6.3 on the Richter scale represents a typical example of
‘Stable Continental Region’ (SCR) earthquakes™. The
Latur earthquake was one of the eleven SCR events, which
generated a surface rupture zone of ~500 x 100 m dimen-
sion. Geologically, the area occurs in the extended part of
the Archaean EDC in the north, covered by the eastern
fringes of 65 Ma-old Deccan traps of varying thickness
(300-500 m). The seismicity is mainly restricted to the
east-west trending part (~10km) of the Tirna river
course. Geomorphic features, associated fault patterns
and a detailed account of fresh surface deformation are
well described by several workers’>'. Fault plane solu-
tions indicate thrust faulting along the SW-dipping plane
(~ 450)20'

Two major sets of lineaments trending NW-SE and
ENE-WSW are inferred from satellite data®' revealing a
well-developed mosaic of block structure (Figure 2),
similar to that described in the EDC. Orientation of struc-
tural and lineament fabrics in the Latur region mimics
those of the adjacent pre-Deccan basement regions. It is
most probably the reflection of structural inheritance of
the basement. The mechanism for this transmission is proba-
bly related to movements along the reactivated ancient
structures in the basement exerting profound control in
generating fractures and small-scale displacements in the
overlying basalts. While some of the inferred lineaments
terminate against the east-flowing Tirna river course, sin-
istral strike-slip displacements could be seen along the
ENE-WSW lineaments. Gravity maps® exhibit many lo-
calized gravity highs and lows of 3-5 mgal coinciding
with the major NW-SE striking lineaments in the region.
The geomorphic features associated with Tirna river’ in-
dicate that it follows a tectonically active lineament. Further,
several archaeological sites along NW-SE trending
lineament are also observed along the Tirna river. Rajen-
dran and Rajendran® inferred that one ancient earthquake
of AD 450 had occurred around one such archaeological
site near Thair.

Examination of the Tirna basin and its morphology re-
veals the shift and migration of the river course in an
alternating changing fashion (Figure 3). Migration of the
river course is inferred based on the imaginary midline
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drawn on the basis of the symmetry of the river basin. In
the northwestern part, the river course is east-west, and
the migration is towards south. The migration direction
changes in accordance with the change in direction of the
river course. Further, it is also evident that the lineament
fabric pattern influenced the river course (Figure 2). Inter-
estingly, the location of the archaeological site at Thair, lies
at the intersection of two major lineaments. The topog-
raphic profile along the Tirna river (Figure 4) shows steep
gradient until the river takes an eastward direction, 10 km
west of Killari. The gradient becomes zero near Killari
and further east. There is a gradual change not only in the
gradient, but also in the regional topography from ~700 m
in the northwest to 500 m in the east. The main shock and
aftershock activities are restricted to the region of lower
elevation. Considerable influence of the lineament fabric

on the topography, drainage pattern as well as on the river
gradient is evident.

In summary, the tectonic fabric of Latur earthquake re-
gion presents close similarities to the structural fabric of
the exposed granite—gneiss terrain of the EDC. The lineament
pattern and fault systems inferred from the satellite data
suggest that the area is divided into a number of blocks
and that the fault reactivation tectonics played a crucial
role in generating the present structural fabric of the terrain®'.
Earthquake data of the region also suggest movement
along a NW-SE fracture at depth™, indicating recent reacti-
vation of NW-SE trending Precambrian crustal weak zones
beneath the Deccan traps.

The plot of aftershocks (220) recorded by Gupta et
al®, originated within a depth of 8 km, when plotted,
does not define any orientation but is remarkably restricted
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Figure 2. Morphology of Tirna River basin and satellite-derived lineament fabric dividing the area

into a mosaic of block structures.

Figure 3. Drainage morphology of Tirna river basin showing the migration of river course.
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to a block structure bound by lineaments (Figure 2). Several
workers™ recorded aftershocks during a limited period
for an area of 5 x 15 km and inferred a narrow zone of
hypocentres dipping 45°SW. However, the scattered data-
points were interpreted as the growth of the aftershock
zone™. Based on geomorphic characteristics of Tirna river
and locations of archaeological sites, complex surface de-
formational features and the shallow focal depth consid-
eration, we suggest that block rotation tectonics about the
vertical axis seems to have played a crucial role in caus-
ing such a deadly earthquake of magnitude 6.3. The block
structure of the basalts also shows considerable influence
on the behaviour of seismic waves across the block bounda-
ries. The seismic energy might have been channelled along
the boundaries and interfaces amongst different composi-
tional flows. We opine that the block rotation model for
the basement tectonics could be responsible for the con-
tinued tectonic activity in EDC and in turn the inherited
structural fabric and reactivation tectonics in the overlying
Deccan traps.

Tectonic framework of the SGT

The high-grade terrain occurring at the southern tip of In-
dia, popularly known as the SGT, consists mainly of late
Archaean charnockites, quartzo-feldspathic gneisses, high-
grade supracrustals and a variety of younger intrusions
such as alkaline-anorthositic rocks and a variety of granitoids
(~700 Ma). The SGT is considered as an ensemble of
fragmented and imbricated crustal blocks separated by
east-west trending crustal-scale shear-zone systems, which
include the CSZ and the Achankovil shear zone. Details
of lithology, structure, geochemistry and various geophysi-
cal datasets along a north-south corridor (Kuppam-Palani)
across a major part of the SGT, have been recently pre-
sented by Ramakrishnan®®,

Structural interpretation of Landsat TM data covering
the SGT, on 1:1 million scale reveals large-scale geo-
logical features which include broad lithologies, shear
zones, regional fold forms and a variety of lineaments
depicting shear planes, foliation trends, etc. (Figure 5).

The shear zones, remarkably well displayed on the im-
ages include: (i) Moyar-Bhavani—Mettur; (ii) Salem—Attur
and (ii1) Chennimalai-Noyil-Cauvery, which are together
considered here as the CSZ, and (iv) the Achankovil shear
zone. The prominent E-W trending CSZ (60 x 350 km) sepa-
rates the Archaean Dharwar craton to the north and the
precambrian SGT to the south. They are expressed in
variable bright tonal characteristics, probably represent-
ing different lithologies and different depths of erosion.
Major river courses follow mainly the shear zones. The
disposition, regional geometry, remarkable variation in
foliation trajectories, consistent dextral kinematic patterns
and the contemporaneity of mylonitic fabrics suggest that
the shear zone network in the CSZ could represent a crustal-
scale ‘flower structure’®. These features are consistent
with the model of regional late Neoproterozoic transpres-
sional tectonics in a convergent regime. However, Qua-
ternary movements are also reported along these shear
zones, as is evident from the displacements of alluvial
tract in the east coast.

Seismicity patterns in the SGT

The distribution of epicentral data of historical seismicity'®
shows random nature (Figure 5), irrespective of the magni-
tude of the earthquake events. However, they are certainly
more densely distributed in the northern parts, north of
12°N, particularly in the central region. The striking fea-
ture is the absence of magnitude 5 and above in the re-
gion except the one that is located in the proximity of the
Bhavani shear zone. The other events with less magnitude,
although scattered, are mostly confined to the vicinity of
the shear zones. For instance, they are seen in the northeastern
extremity of Achankovil shear zone; southern foothills of
Kodaikanal Hills, a major thrust plane, southwest of Madurai,
northwestern part of Moyar shear zone, and along the Salem—
Attur shear zone. In general, all the events seem to have
spatial association with some shear zone or the other, suggest-
ing their recent reactivation. The northward-directed thrust
movement must have transferred partially as strike-slip
displacement along the reactivated shear zones and/or fault
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Figure 4. Topographic profile along Tirna river showing steep gradient before becoming flat.
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Figure 5. Structural interpretation of Landsat TM data over the Southern Granulite Terrain showing shear

zones, fold forms, lineaments and associated seismicity. The block indicated by dotted line on top of the figure is

enlarged in Figure 6.

zones of Precambrian antiquity. It is also interesting to
note the occurrence of epicentres in the western part of the
SGT along the west coast (Kerala region), which seems to
be associated with pre-existing faults and shear zones” .
More detailed analysis of tectonic elements and associ-
ated seismicity in a part of the transition zone is depicted
in Figure 6 (for location see Figure 5). The region is con-
sidered to be at the junction of the Dharwar craton and
the SGT. The important rock types include the presence
of Archaean Kolar greenstone belt in association with east-
west trending mafic dykes surrounded by younger plutons
of granite. The other features in the northern part of the
NE-SW trending Mettur shear zone are marked by exten-
sive alkaline magmatism in the form of a chain of plutons
(~780 Ma) associated with dextral sense of movements
and late Neoproterozoic reactivation. Seismic activity, as
observed from epicentral data, is moderately pronounced
along this shear zone. The deep seismic studies show south-
erly dipping reflection fabrics across the southern part of
shear zone and suggest that it represents the contact zone
between the craton and the SGT?®. Based on structural
studies, it was also envisaged that the granulite facies
rocks that occur in this part were emplaced on to the cra-
ton by northward over-thrusting (Figure 7). These granu-
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lite facies rocks are now seen as isolated erosional remnant
outcrops of highly sheared, migmatized and retrogressed
granulite facies rocks. This is further supported by the
presence of east-west fold trends. Another important fea-
ture in the western part is the concentration of earthquake
events along the Closepet granite, which is considered as
the contact zone between the Western and Eastern Dhar-
war cratons.

Geomorphic feature along 13°N latitude
parallel and associated seismicity

A zone of major geomorphic expression in the form of an
east-west trending ~ 100 km wide Quaternary regional
arch occurs along 13°N latitude-parallel passing through
Mangalore—Bangalore—Chennai (MBC). The MBC geo-
morphic ridge occurs at the transition zone between the
Dharwar craton and the SGT. The axis of the ridge is a
major water divide separating the northeast and south-
east-flowing drainage patterns. Subramanya® described
details about the nature and origin of this geomorphic
ridge and its tectonic implications. The MBC ridge exhib-
its interesting geophysical characteristics. The free-air
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anomaly map> shows a positive signature and Bouguer
anomaly indicates relatively high over this region. Further,
a thin crust is inferred based on regional gravity model-
ling®'. These features reveal that the Moho occurs at shallow
depth, implying the involvement of lithospheric deforma-
tion. The region is marked by a large number of micro to
moderate earthquakes'’ ranging from M2 to M5. Espe-
cially, the prominent distribution of epicentres in the region
is distinct along the Mettur shear zone (Figure 6).

Geomorphic ridge and its linkage with the CSZ

A north-south structural section across the MBC-geomorphic-
ridge and its close association with the CSZ clearly re-
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veals the geometric details of the ‘flower structure’ and
the inferred north verging basement thrust (Figures 7 and
8). The seismicity observed in the region can be correla-
ted with the exposed part of the basement thrust or floor
thrust. Available geophysical data such as seismic, mag-
netotellurics, gravity and magnetic data®®**** corroborate
the disposition and geometry of the shear zones described
here and suggest their extensions, at places, to mantle
depths. Considering this tectonic scenario and with a view
to explaining the seismicity along the MBC-ridge, we in-
voke a new causative mechanism involving tectonic
stresses in the form of a buried north-verging ‘blind thrust’
emanating from the deeper levels of the CSZ (Figure 9),
giving rise to the crustal upwarp implying that the north-
ward compression is still active.
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Figure 6. Structural architecture of the transition zone around 13°N lat. interpreted from Landsat TM data and
epicentral locations. Note the NE—-SW trending Mettur shear zone and associated Neoproterozoic alkaline plutons
(~780 Ma).
p—=Southern Domain —-|—Cen1rol Domain —-i———— Northern Domain ———'
S ——g—— //, — N

DKSZ DSZ ~ \CNSZ ///y//,‘:\/‘/::'\ ’/\/‘/’7/'1 = seismic zone
EXPOSED z 2
SURFACE N R ?\\M\\‘@V o "L g
=

\\\ yod
GRANULITE BLOCK S~ 9 7/ CRATONIC BLOCK
_=Z
==
Figure 7. Structural cross-section showing overthrusted granulite facies rocks on the Dharwar craton. Shear

zones: MBSZ, Moyar—-Bhavani; CNSZ, Chennimalai-Noyil; DSZ, Dharapuram; DKSZ, Devattur—Kallemandeum.
Note the presence of seismicity in the transition zone and exposed north verging basement thrust.
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Figure 8. Schematic block diagram showing crustal-scale ‘flower
structure’ and north verging floor thrust. Shear zones are termed as in
Figure 7.

Figure 9. Schematic three-dimensional block diagram showing tran-
sition zone together with the Southern Granulite Terrain showing north
verging ‘blind thrust’, emanating from the deeper levels of the Cauvery
Shear Zone. TZ, Transition Zone; CSZ, Cauvery Shear Zone; SGT,
Southern Granulite Terrain; AKSZ, Achankovil Shear Zone.

The consistency among various geological, geomor-
phological and geophysical datasets suggests that a still
active compressional migrating belt may control the to-
pography in the 13°N latitude-parallel. Seismological and
geodetic evidences together with southerly dipping low-
velocity zone suggest that the crustal deformation may be
driven by the passive sinking of the lithosphere. This
driving mechanism is evident from the geomorphology
through northward migration of significant exhumation
rates and the close correspondence of highest elevations,
drainage divide and changes in river courses. The drain-
age system evolving through structural network is consis-
tent in association with the uplifting of the Indian
peninsula along 13°N latitude.

Discussion and conclusion

The epicentral distribution of low to moderate earth-
quakes in the Indian peninsula shows a broad correlation
with major geological boundaries, shear zones, rifts and
other geological structures. This indicates that the pre-
existing shear zones, faults and other structures in terms
of reactivation tectonics, significantly control the occur-
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rence of seismicity. It is also fairly well established that
the northward movement of the Indian plate causes reac-
tivation of pre-existing structures as a common source of
continued neotectonic activity and seismicity in the Pre-
cambrian terrains of India®*. In general, the larger earth-
quakes seem to be related to the periodic release of
accumulated regional stresses in crustal-scale features such
as shear zones, rift structures and suture zones, suggesting
that these features reflect the common crustal precursors
rather than the development of new fracture system. They
have also emphasized the importance of regions of the
lithosphere where pre-existing extension has covered
permanent reduction in strength, which would lead to the
accumulation of strain in the overlying brittle crust. Tal-
wani>® noted the role of intersecting faults for the genera-
tion and localization of earthquakes. According to him,
faulting usually starts along one of the fault planes, which
in turn perturbs the neighbouring stress field and triggers
movement on the adjacent fault. This model of intersecting
faults in the upper crust provides a location for stress ac-
cumulation in continental interiors, often accompanied by
uplifts. In the light of the above, the source mechanism of
the Latur earthquake is now examined. Reactivation of
pre-existing basement structures was proposed by Chetty
and Rao®', while Kayal®® opined that the Latur earthquake
could be due to interactions of two shallow crustal faults.
However, in the present study, we propose an alternative
explanation in terms of block rotation tectonics as a plausible
mechanism for the Latur earthquake and the details are
described below.

Block rotation is a significant mode of deformation in
the earth’s crust’’ >’. Based on the structural fabric in the
EDC, as derived from satellite data as well as aerial photos,
and the unusual shapes, sizes and geometry of mafic
dykes and distinct fault systems, block rotation tectonics
with clockwise rotations were inferred from the deforma-
tional system of the EDC. Similar block rotations were
also described in another part of the EDC based on the re-
sults derived from aeromagnetic data®. Such block rota-
tions can be attributed to local stress variations, fault
reactivation and alternate zones of transtention and tran-
spression associated with small amounts of internal de-
formation. While the correlation of seismicity and reacti-
vation tectonics of pre-existing structures is apparent on a
regional scale, the applicability of the block rotation model
for the Latur earthquake region is examined further.

The Latur region lies in the proximity of the Kurud-
wadi lineament, first described by Brahmam and Negi*'
as a subtrappean rift on the basis of gravity anomalies.
Based on geomorphic studies using satellite data and aerial
photos, Peshwa and Kale* concluded that this is a Pre-
cambrian deep crustal-scale shear zone comprising an ar-
ray of NW-SW trending faults along which dextral sense
of movements have taken place, even during the Quaternary
period. This is evident from the parallelism of the drain-
age network with the Kurudwadi lineament, suggesting
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the control of basement structures in their development.
These movements based on the presence of sheared seg-
ments of the Archaean gneisses were also responsible for
the secondary development of east-west trending faults
identified by gravity studies. Structural architecture of the
Latur earthquake region presented in this study favours
the block rotation model, which could be a part of dextral
sense of shear along the NW-SE trending lineaments.

Block rotation is considered as a manifestation of large-
scale shearing in the brittle layer of the upper crust, the
lateral motions being the result of rotations about the ver-
tical axes. The applicability of this model to the cratonic
part of the Indian peninsula could be due to the combined
effects of remnant collisional processes both from south
and east, and the lithospheric deformation since the Pre-
cambrian times. Recent seismicity and block rotation tec-
tonics could be accounted for by the northward movement
of the Indian subcontinent, further supported by the direc-
tion of the in situ stress inferred as northeast™, In Greece,
block rotations initially proposed on the basis of seismi-
city and palaeomagnetic studies, were confirmed by GPS
observations*. Block rotation defines an apparent zone of
shear and the boundary faults of the blocks are likely to
be responsible for moderate earthquakes. In the light of
the above, we suggest that block rotation could be a pos-
sible mechanism for the Latur earthquake. Our observations
suggest that the block rotation tectonics in the cratonic
region of peninsular India may be a structural response to
the lithospheric plate movements of India to the north.
Neotectonic studies from different parts of the Indian
peninsula clearly brought out the reactivation tectonics of
the pre-existing structures®. Tectonic stresses resulting
from NNEward movement of the Indian plate caused the
reactivation.

The geomorphic ridge along 13°N latitude-parallel is
characterized by: (i) positive free-air anomaly, (ii) Bouguer
gravity high, (iii) relatively thinner crust, (iv) shallow
Moho and possible involvement of lithospheric deforma-
tion, (v) major water divide, and (vi) occurrence of micro-
to-moderate earthquakes. The development of this up-
warp is essentially attributed to the compressive stress
regime as a result of continued sea-floor spreading in the
Indian Ocean®. However, we invoke hypothesis of north
verging ‘blind thrust’, emanating from the floor thrust of
the crustal-scale CSZ (Figure 9) with continued compres-
sive forces, in order to explain the crustal upwarp and
associated seismicity. This could also be a northern ex-
tension of the low-velocity zone obtained from DSS stud-
ies across the CSZ. Our interpretation implies that the
contemporary stress field is reactivating the deeply buried
thrust. Prevalence of compressional features, including
the geomorphic ridge and positive structural features seen
in the form of ‘tlower structure’ across the CSZ are consis-
tent with the intensified compression dominated by tran-
spressional tectonic regime.
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Our observations in the present study suggest that each
deforming geologic system in the Indian peninsular
shield, while complex into itself, can be considered only as
a single sample within a continuum of how the crust could
deform given a range of rheologies, boundary conditions
and applied stresses. Therefore, a comprehensive multidis-
ciplinary study of the deformational systems and their in-
tegration are important to map fault connectivity and
related deformation in more detail, to assess seismic hazard
in the Precambrian Indian peninsular region. This is possible
through the following: (i) Characterization of structures
in the upper crust and a better understanding of their rela-
tionship to such factors as topography and tectonic geo-
morphology, through an integrated approach of geological
and geophysical studies involving high-resolution satel-
lite data and GIS. (i) Understanding of the driving forces,
rate and episodic nature of deformation and their mecha-
nisms controlling these factors. (iii) Characterization of
physical and chemical properties of rocks in the seismo-
genic zone and architecture of faults in different litho-
spheric and tectonic settings. The main conclusions derived
from the present study are: (i) the pre-existing Precam-
brian deformational structures and their reactivation tec-
tonics are adequately correlated with the seismic patterns
in the Indian peninsula; (ii) block rotation is a possible
cause to explain the mechanism for the Latur earthquake
and could be a part of dextral sense of shear along the
Kurudwadi lineament, a basement tectonic feature beneath
the Deccan traps; (iii) a new hypothesis is proposed postul-
ating a north verging ‘blind thrust’ emanating from the
floor thrust of the CSZ, resulting in crustal upwarp and
the lithospheric deformation to give rise to the 13°N lati-
tude-parallel geomorphic ridge and the ongoing neotec-
tonic activity and associated seismicity. (iv) It is essential
to map the fault connectivity and related deformation in
more detail to understand crustal geodynamics and to assess
seismic hazard in the region.
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