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Intraplate seismicity is random in distribution and 
understanding of its genesis needs proper knowledge 
of various data sets including subsurface crustal images, 
stress field characteristics and spatial-temporal seismic 
pattern. An attempt is made to provide one important 
input in the form of seismicity and P-wave velocity
depth relationship, covering aseismic and seismic zones 
of western India. 

IT is opined that the stress fields of the Indian shield are a 
resultant of the interaction between the compressive plate 
boundary forces and several intraplate regional, local endoge
nous geological features. As the return period of moderate 
magnitude earthquakes in an intraplate or stable continental 
region is considerably large, our understanding of earthquakes 
in these regions is rather sketchy, compared to the actively 
deforming regions such as the plate boundaries. 

The seismicity in recent past in central and western India 
has surpassed the average level of documented seismicity 
during the last century. Since a prognostic approach to meet 
the future seismic hazards is the right approach, it is essential 
that adequate knowledge of the deep structure of different 
segments of Indian continent and related stress field be 
acquired. In meeting this target it is essential to primarily 
locate favourable zones that accumulate strain. For identi
fication of such zones, an adequate knowledge of the deeper 
structures through geophysical techniques is needed. Seismic 
refraction and wide angle reflection techniques are the most 
appropriate tools to obtain lateral and vertical velocity
depth information of different segments of the crust and 
subcrustal lithosphere. Such information will help in under
standing the nature of the continental crust of the Indian 
shield which is a mosaic of crustal blocks, unrelated to 
each other, juxtaposed and sutured together in different 
periods of earth's historyl. The seismic refraction technique is 
useful to better understand the characteristics of the conti
nent's basic units, viz. cratons and mobile belts. 

One important parameter that helps in knowing the compo
sition of the medium through which the seismic waves 
travel is the seismic velocity, which is also a useful indicator 
of the density of subsurface layers, including its brittle and 
ductile nature. This information could be vital in knowing 
the pattern of seismic genesis and propagation of seismic 
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energy due to earthquakes ongmating at different focal 
depths. Keeping this in view, an attempt is made to under
stand the seismicity of different cratons and adjoining 
mobile belts (Figure 1) of the Indian continent, using velocity 
characteristics. 

Scope of the study 

Deep Seismic Sounding (DSS) studies in India were confined 
to P-wave derived velocity structure. So, no shear wave 
information is available to better understand the composi
tional and rheological changes in the crust and subcrustal 
lithosphere. So far, information about the shear structure 
and composition of the crust in the Indian shield has been 
obtained through modelling of the receiver functions2

. 

However, these details have not been utilized in preparing 
this manuscript as the specific objective of the present exposi
tion is basically aimed at presenting a relationship be
tween P-wave velocity variations and seismicity. A more 
comprehensive comparison that can explicitly bring out 
subtle signatures that focus on intraplate seismicity could 
be tried at a future date once detailed lithospheric studies 
are carried out through planned controlled source P&S 
wave studies complimented by surface wave tomography, 
ScS reverberations using the regional broad-band network, 
and S-to-P conversion studies which are more sensitive to 
mapping the associated low velocity layers. In addition, a 
comprehensive package of seismic anisotropy measure
ments that map the lithospheric strains is to be planned 
and executed to resolve questions associated with the causa
tive mechanisms. So, the present attempt needs to be viewed 
as a step in the right direction and not as a final answer to 
the ongoing global exercise to understand the genesis of 
intraplate seismicity. 

Significant lateral variations in the crustal velocity structure 
of the Indian shield, which has an assemblage of cratons and 
mobile belts, especially the presence or absence of crustal 
low/high velocity layers are found to provide an useful input 
in understanding the structure and evolution of various 
tectonic units present in the Indian shield (including the 
Western India). This information is noted to be an essential 
component to understand various geodynamic processes 
operating in the region3

. A close look into the velocity 
structure associated with the Western Dharwar Craton, 
Deccan Synecline, western flank of Narmada-Son lineament, 
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Figure 1. Map of India with DSS profiles, mobile belts of various periods and seismicity pattern (modified from 
Reddy and Rao3

). 

Saurashtra and Kutch provide a diversified picture from 
one region to the other supporting in tum the suggestion 
made by Radhakrishna 1 that the Indian subcontinent has 
crustal blocks unrelated to each other. The velocity structure 
of different regions mentioned above is detailed below to 
substantiate the above statement. 

Dharwar craton 

The first long range seismic refraction and wide-angle reflec
tion study carried out along Kavali-Udipi profile4 has brought 
out a detailed velocity-depth structure in different parts of 
the Dharwar craton. 

The Karnataka Craton (Dharwar Craton) can be divided 
into two geotectonic blocks5

, namely the Western Dharwar 
Craton (WDC) and Eastern Dharwar Craton (EDC). The di
viding line between these two blocks passes approximately 
along the western margin of the meridional Closepet 
granite. The Eastern Block, encompassing Eastern Karna
taka and part of Andhra Pradesh, is typified by green
stone belts dominated by volcanic rocks and intrusive 
granitoids and characterized by low-pressure regional 
metamorphism. The division of the craton into two tectonic 
blocks has been based mainly on differences in the conditions 
of metamorphism and lithological associations. The low pres-
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sure Eastern Block has lithological association character
istic of an oceanic environment, which indirectly indicates 
thinner Archaean sialic crust with high heat flow. The 
thicker crust in the WDC with abundance of tonalitic 
gneiss and mantled gneiss domes has produced intermedi
ate pressure metamorphism typified by kyanite. That both the 
regimes occupied similar structural levels and graduated 
together into high-grade granulite regime (marked by the 
charnockite belt linking the blocks) shows that the main 
controlling factor could be heterogeneous crustal thick
nesses and differential heat flow regimes. From the re
analysis of Deep Seismic Sounding (DSS) data6

, the 
dividing line between EDC and WDC has been fixed to be 
along the eastern margin of the Chitradurga belt. 

The WDC velocity structure shows (Figure 2 a) (i) Upper 
crust with a velocity increasing from 6.0 krn!s at surface to 
6.2 krn!s at a depth of 22-24 km; (ii) A lower crust with 
velocity increasing from 6.8 to 7.0 km/s above the Moho; 
(iii) Moho is identified at an average depth of 40 km with a 
Pn velocity of 8,4 krn/s. The EDC velocity structure shows 
(i) An upper crust with velocity increasing from 5.9 krn!s 
at surface to 6.2 krn!s at a depth of 5-8 km; (ii) Lower 
crust with velocity 6.7 to 7.0 km/s at a depth of 20-
37 km; (iii) The Moho is observed at about 37 km with a 
P n velocity of 7.8 km/s. EDC and WDC show contrasting 
seismic signatures. The WDC having a thick crust with a 
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Figure 2. Interval velocity-depth models for various parts of the Indian shield. a, Western Dharwar craton; 
b, Koyna region; c, North Cambay basin; d, Narmada-Son Lineament (modified from Reddy and Rao3

). 

lower average velocity and Moho being at a depth of 
40 km and EDC having a thin crust with a higher average 
velocity and Moho being at a depth of 37 km. Passive 
seismic studies using tomographic and receiver function 
techniques have yielded complementary results, supporting 
the varied crustal structure of WDC and EDC. 

Koyna and Warna region 

Koyna in the Deccan volcanic province has been experi
encing mild to mid-level seismic activity for the last four 
decades, including a 6.3 magnitude earthquake on 10 Decem
ber 1967. The distribution of hypocenters and fault plane 
solutions suggest westerly dipping steep surface fault zone 
with a strike-slip faulting of reverse or normal slip compo
nents7

. 

The DSS profiles covering Koyna region show presence 
of low velocity layers (Figure 2 b) in the upper as well as 
lower crust at depths of 6-11 km and 26-28 km. A 2-3 km 
thick high velocity layer (7.26 krn!s) is also noticed at the 
base of the crust, representing the transitional Moho at 
35-37 km depth. This region known to be seismically active, 
seems to be affected by rifting (Koyna-Kurudwadi rift) 
due to the Re-union hot spot-related volcanic activity and 
separation of Seychelles from India. It is proposed by 
Reddy and Ra08 that the inclined seismic zone that extends 
deep down could be related to the bending of deep fault 
plane delineated by DSS. 
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The migration of seismic activity towards Warna region 
and the presence of a chain of hot springs closer to the 
Koyna-Warna region emphasizes the influence of low ve
locity layers in the upper and lower crustal columns. A 
mechanism that can build up internal pore pressure that 
can exceed litho static pressure in a relatively short period 
of a few years in this region could be due to the upward 
and outward injection of convecting geothermal fluid from 
deeper crustal zones and tectonic compression9

. A study 
to understand the spatial variation of fluid redistribution 
in the entire region from north of Koyna to south of Warna 
region and also the region in and around Latur may help 
in analysing the stress field of the region. 

Son-Narmada-Tapti lineament zone 

The Central Indian tectonic zone is an ENE-WSW trending 
collage of Proterozoic supracrustal belt and associated 
granites and gneisses accreted along ductile shear zones 
between the Bundelkhand craton in the north and the 
composite Bastar-Dharwar craton to the south. Part of it is 
known as the Son-Narmada-Tapti lineament zone. This 
zone is traversed by a number of deep faults and ductile 
shear zones, which have been instrumental in controlling 
the magmatism, sedimentation and the earthquake mecha-

. 10 msm . 
Extensive DSS studies have been carried out across the 

Narmada-Son lineament (NSL) to map the basement and 
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sub-basement crustal structure, including the location and 
deeper extension of various deep faults, which have been 
episodically active during the geological past. 

DSS studies along five profiles across Narmada-Son 
lineament have brought out significant structural details 
in different segments of the NSL, including an anomalous 
crustal velocity structure existing all along the lineament. 
One of the important findings is the presence of a large 
variation of the velocity structure within the first 6 km 
depth along the lineament. This is attributed to the pres
ence of various types of sedimentary formations deposited 
during different geological times by the vertical moment 
of crustal columns along deep-seated faults. It is also in
teresting to note that both vertical and lateral tectonics has 
played a significant role in the structural changes. It is quite 
clear that crustal underplating has played an important 
role in the formation and evolution of the crust along the 
NSL. Presence of high density and high velocity layers at 
shallow depths and presence of subcrustal low velocity 
layers along NSL and in adjacent Koyna-Warna and Latur 
region suggests the impact of Re-union hotspot/mantle 
plume in this region. 

Figure 2 c, d gives velocity-depth details along Thuadara
Sindad, Mehmadabad-Billimora and Dharimanna-Mehmada
bad profiles. They exhibit a very high velocity of the order 
of 6.7 to 6.9 krnls at shallow depths of 10-12 km. This 
suggests a thin upper crust and a thicker lower crust, abso
lutely different from what is seen in the Western Dharwar 
Craton. This part of the mobile belt (Satpura mobile belt) 
with subsurface crustal velocity heterogeneities is sand
wiched between Bundelkhand and Dharwar cratons. Opera
tion of collision tectonics during the Proterozoic period 
might be responsible for the presence of the high velocity 
layer at shallow depths. The anomalous velocity feature 
coupled with high heat flow generates considerable amount 
of stress. The differential isothermal rise and large lateral 
temperature difference on a regional scale are responsible 
for the seismic activity of the region. 

Trap covered region 

Tectonic framework of the Western India, mainly Gujarat 
and Western Maharashtra region, is styled by intersecting 
Mesozoic and Tertiary intra and peri-cratonic rifts formed 
along Proterozoic trends, viz. NW-SE Dharwars, NE-SW 
Aravallis and ENE-WSW Satpura trends. 

Influence of Kerguelen, Marion, Crozet and Re-union 
mantle plumes has resulted in widespread volcanic activity 
coupled with break up of East Gondwana supercontinent. 
The mantle plumes have weakened different segments of 
the continent, as is evident from widespread seismic activity 
in the volcanic trap covered Deccan Syneclise, Saurashtra 
and Kutch. The extent of weakness of different subsurface 
layers can be understood through seismic imaging of subsur
face structures that include faults, shear zones and sharp 
discontinuities. 
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State of Gujarat 

The state of Gujarat is located on a highly fractured part of 
western continental margin of the Indian shield. It is spread 
over a region of three inter-connected rifts, viz. Kutch, 
Cambay and Narmada around a central cratonic block, 
which is the Saurashtra peninsula. The activation of faults 
is related to the movement of the Indian plate and the 
forces generated by resurgence of rifting processes at 
Cambay, Narmada and Bombay triple junction 11. 

Saurashtra 

Even though no significant DSS studies have been carried 
out in Saurashtra peninsula (other than the Amreli
Navibandar profile), the integrated geophysical studies 
carried out in the peninsula have brought to light the varied 
basement and subbasement structure present in this region. 
The shallow seismic refraction studies along four profiles 
totaling 800 km have clearly shown the subtle structural 
variations in and around Rajkot, Jamnagar, Dwarka, Atkot 
and Junagarh. Figure 3 shows presence of faults in different 
parts of Saurashtra. The velocity-depth structural changes 
are found to agree fairly well with the regionally extending 
lineament and fault pattern. Four major lineaments inter
sect near Bhavnagar region. So, the recent seismic activity 
could be attributed to reactivation of some of these faults. 
Integrated geophysical studies, especially using gravity 
data collected by NGRI in Saurashtra peninsula have 
shown presence of NNW-SSE trending confluence of hidden 
subvolcanic vents, including the one near Vallabhpur (close 
to Bhavnagar region). Influence of these subvolcanic vents/ 
plutons in either reactivating the near-by faults or the 
vents themselves acting as source of seismic activity needs 
to be looked into. 

Kutch 

A reprocessing and reanalysis of some segments of the 
shallow seismic refraction studies carried out along Jakhau
Mandvi-Mundra-Adesar profile (Figure 1) has clearly 
shown the varied crustal structure in the seismically active 
northeastern segment of the Kutch mainland (dipping crustal 
configuration with thickness varying from 38 to 44 km) 
compared to near horizontal 35 km thick crust in the 
southern coastal belt of Kutch. The single fold refraction 
data derived reflection model 12 also suggests probable 
presence of a high velocity lower crust in the seismically 
active Anjar-Bachau region (a segment of the Kutch main
land uplift that contains probable crustal root). The earlier 
postulated N-S trending 'median high' in Kutch mainland 
has clearly been imaged by NGR!. The velocity-depth infor
mation has brought out presence of a ridge-like feature 
even in the coastal region, emphasizing the regional extension 
of this feature. It is interesting to note that the effect of 2001 
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Figure 3. Velocity-depth sections along (a) Iodin-Ansodor profile (b) Tikor-Kolilhad profile; 
(c) Kurungo-Latipur profile and (d) Sardar-Mangrol profile (modified from NGRI Tech. Report 
no. NGRI-98-Exp-2371). 

Bhuj earthquake has been confined mainly to the region 
east of this feature. 

Discussion and conclusions 

Latur 

No D.S.S. studies have been carried out covering this impor
tant intraplate seismic zone. However, significant results 
have been obtained by Krishna et al. 13 using teleseismic 
earthquake data. As in the case of Koyna the shallow 
seismicity of this zone is attributed to the activity associated 
with upper crustal low velocity layer. 
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In a nutshell, the western part of the Indian shield is directly 
affected by the mantle plume activity and the separation 
of Seychelles and Madagascar from India. It witnessed 
major tectonic activity spanning millions of years. The impact 
of these major tectonic episodes with mantle upwelling at 
the junction of the Narmada-Son lineament and Cambay 
rift modelled the present-day deep crustal velocity con
figuration. All these regions associated with seismic activity 
in general, exhibit high heat flow. Thermal perturbations, 
result of hot spot activity can as well be attributed to con-
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tinuous reactivation of old faults and rifts. The seismic ac
tivity seen in the region that contains either low or higher 
P-wave velocity layers in the upper crust could be due to 
rifting, collision, underplating, plume-related activity or con
tinental break up compared to the aseismic, cold, rigid and 
strong normal crust of the Dharwar craton that has 
smooth velocity structure. 

In this context the teleseismic receiver function results14 

are interesting, viz. the Archean crust is devoid of any promi
nent intra-crustal discontinuities compared to the complex 
character of the Proterozoic crust indicating presence of 
additional seismic discontinuities. The shear wave structure of 
the entire Dharwar crust is found to be largely simple and 
less complex than its adjacent Proterozoic crust and shows 
a low Poisson ratio 15

. Such a finding further substantiates 
that the aseismic nature of Western Dharwar Craton is 
due to presence of more homogenized simple crustal structure 
devoid of significant and sharp intracrustal layers noticed 
in the seismically active Deccan Volcanic province, Nar
mada-Son lineament and even Godavari-graben. 

The present exercise is a step in the right direction. To 
substantiate the presented information we need the support 
of shear wave velocity. Seismic anisotropy, shear wave 
velocity information would not only complement the P
wave velocity structural details but also resolve unsolved 
questions about subtle structural and compositional variations, 
varied strain patterns associated with present and past 
geological deformations. So, these studies should be given 
needed importance for better understanding the genetic 
characteristics of intraplate seismicity of Western India. 
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