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ABSTRACT — Significant results pertaining to the shallow and deep structural features of the Indian
continental crust are achieved by extensive Deep Seismic Sounding (DSS) experiments accomplished by
NGRI since 1972 in a variety of geological settings. Seismic refraction and wide-angle reflection data-sets
have been acquired along 20 profiles in the southern peninsular shield, Deccan Traps covered regions, across
the Narmada-Son lineament, the Himalayas and more recently in the West Bengal basin, covering more than
5000 km of DSS profiling. Interpretation of these datasets brought out for the first time, models of the shallow
and deep crustal structure and the Moho configuration delineating fault-controlled crustal blocks (terranes)
in various regions. These results provide new insights to a better understanding of the tectonic processes involved
in the formation and evolution of the Cuddapah, Dharwar, Vindhyan, Gondwana, and the Cambay basins. The
crustal depth sections in the south [ndian shield along the Kavali-Udipi profile reveal that the Cuddapah
basin on the east and the Dharwar sub-basin on the west were both formed by downfaulting of the Moho. Due
to a major thrust movement along a low-angle fault, well delineated by the DSS data, the Eastern Ghats
section comprising the Dharwars was thrust up and lies over and in juxtapesition with the upper Cuddapah
sediments on the eastern margin of the basin. The large Dharwar sub-basin was subdivided into two parts, the
eastern depression and the western depression by an uplifted crustal block where the Closepet granites are
now exposed,

Besides mapping the thickness of the Deccan Trap flows, a large Mesozoic basin, consisting of two grabens
separated by an E-W trending fault, the ‘Tapti graben’ (with maximum sedimentary thickness of 1800 m) and
the ‘Narmada graben’ (‘with maximum sedimentary thickness of 1000 m), is delineated under a relavivefy thin
cover of the Deccan Traps in the Narmada-Tapti area from the results obtained along six DSS profiles in the
region. This hidden Mesozoic basin probably formed part of a larger Mesozoic sea bordering the exposed
Vindhyans, Aravallis and the Delhis. Another relatively small Gondwana basin with a maximum sedimentary
thickness of 400 m, separated from this large Mesozoic basin is also delineated in the Multai- Pulgaon region,
that may be an extension of the Gondwana Godavari graben, under a thin cover of the Deccan Traps. The
crustal block bounded by deep East-West faults at Narsinghgarh and Karangi along the Hirapur-Mandig
profile across the Narmada-Son lineament, created a graben in the crystalline basement forming the great
Vindhyan basin with accumulation of a large thickness of the Vindhyan sediments, The Deccan Traps at the
base of a thick sequence of the Tertiary sediments, as well as the subtrappean Mesozoic sediments in the
Cambay basin are also well resolved by the DSS datasets. The high velocity lower crustal layer of velocity
7.3~7.4 km/s delineated from Biliimora to Tharad throughout the Cambay basin indicates underplating of the
crust due to mantle upwelling and rifting with large scale extrusion of the Deccan Traps. The region from
Surat to Bombay on the west coast was also characterized by an upwarp of the Moha during the late
Cretaceous period, probably representing a transitional crust and a major source for the Deccan Trap flons. The
DSS datasets in the wide-angle range also yielded velocity-depth models of the Indian continental crust in various
regions, revealing presence of low velocity layers, transitional nature of the Moho and other bntracrustal
bounduries, providing a unique geophysical framework to understund the rheological structure and
intracontinental seismicity, particularly in the Deccan Traps covercd Koyna regron.
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Fhe Molio boundary is delineated with steep dips of about 15°-25° from the Kashnur valley towards the
Grear Himalayas with its depth reaching 6567 km in the region of Kanzalwan in the Great H imalayas. The
Mohn appears to rise 10 shallower depths further nworth towards the Nangaparbat due to a local reversgl of
{he :fip dCrOsS a JLTPI{IHE[ in the region that mr.:;ht be associuted with the up.’iﬁ ﬂf!hE Nﬂﬂgﬂpﬁrbat mﬂssfﬁ I
was inferred that the Himalayas were formed possibly due to block uphft against steep-angle faults. The
crustal deprh section qeross the Pir Panjal range. besides delineating the Moho, also brought out the S Findagar
and Jammu synclines each having a maximum sedimentary thickness of about 18 km. The deep reflection data
along the long-range profile Qarrakol-Zorkol-Sopur-Tral revealed presence of two broad zones of reflectors at
depths of 150-180 km and 340-365 km that may respectively correspond to the top and bottom of the
Asthenosphere laver in the region of the Great Himalayas, Karakoram and Pamir ranges.

ddequare Jacilities hare been recently deieloped at NGRI for seismic imaging of the continental crust and the
subcrustal fithosphere by deep seismic reflection profiling and stacking af near-vertical-incidence reflection
data extending to about 20 s two-way-times. Experimental results of reflection profiling and stacking of
reflection data in the West Bengal basin revealed promising results consistent with the coincident wide-angle

reflection data to the Moho depths.
INTRODUCTION

Deep Seismic Sounding [DSS] studies by controlled
source seismic observations constitute the most definitive
geophysical technique for exploring structures of the
Earth’s crust and uppermost mantle. Both shallow as
well as deep structures can be resolved by suitable
datasets, including narrow-and wide-angle reflection/
refraction agnd converted phases recorded with specially
designed acquisition geometery/parameters. Recent ad-
vances, both in the areas of seismic data acquisition as
well as processing and modeling techniques, offer wide
ranging possibifities to explore very complex subsurface
structures that may be both heterogeneocus and
anisotropic. Sewsmic refraction/wide-angle reflection
measurements have undergone progressive changes
currently utilizing closely spaced high dynamic range
three-component  digital recorders on reversed and
overlapping profiles, to provide sufficient data redund-
ancy for consistency checks, with a high resolution of
subsurface models. On the other hand, modern high
resolution reflection profiling experiments utilize multi-
channel digital recording systems capable of recording
vertical-incidence reflection data by a large number of
channels to very high recording times, to probe to deep
crustal depths, at sufficiently small data sampling rates.
Concurrently, methods to process and interpret seismic
reflection‘refraction datasets have also undergone
dramatic development with the possibility to accurately
synthesize the wave fields, both in the near-vertical and
wide-angle ranges, for the inferred subsurface structures
and compare with the observations to successively
refine the models. 1t has also been realized in recent
times that coincident reflection/refraction experiments
on selected geotraverses provide the most reliable
seismic images of the deep crust and uppermost mantle,
as the two techniques are complementary to each other
together resolving the structural and physical property
variations. The deep secismic images of the continental
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crust, revealed by coincident reflection/refraction profil-
Ing across various geological settings, provide necessary
clues for understanding the complex geodynamic
processes that might be operative during geological
evolution in order to shape the presently observed
structures. Especially, in tectonically active regions,
accurate mapping of the Moho and other intracrustal
boundaries with delineation of deep penetrating steep-
angle and/or shallow-to-upper crustal low-angle faults
and fracture zones by DSS profiling can reveal various
crustal blocks (terranes) that are relatively displaced
due to movements along the faults. The location of
deep faults/fracture zones may have significance due to
their possible association with migration and distri-
bution of materials with mineral potential, as well as
the brittle failure of crustal rocks causing earthquakes.
Further the DSS datasets, especially in the wide-angle
range, can previde viable models of the velocity
structure of the Earth’s crust and uppermost mantle,
essentially required to infer the petrological compo-
sition and/or grade of metamorphism and material
properties such as brittle/ductile regimes that may lead
to consistent interpretations of reflectivity structures
observed by vertical-incidence reflection data at deep
crustal depths. DSS profiling along regional traverses
also contribures to a better understanding of major
geological features at large depths that are inaccessible
for direct mapping, including configuration of various
sedimentary layers and the underlying deep basement
in regions of large sedimentary basins. These data
provide critical constraints for the reconnaissance of
poorly known substratum of sedimentary basins and
for a better understanding of the geodynamic processes
and mechanisms that led to their formation and
evolution The results provide new insights to the oil
industry, complementing those obtained by the routine
industrial shallow seismic reflection surveys f{or the
exploration of hydrocarbon bearing structures.

Deep seismic sounding studics in India were initiated
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by the National Geophysical Research Institute (NGRI)
in 1972, imtally as an Indo-Soviet collaboration project
for the first three years. Subsequently DSS experiments
have extensively been conducted by NGRI 1 various
parts of the country, primarily sponsored by the oil
industry (ONGC, QIDB, and OIL). Seismic refraction
and wide-angle reflection datasets have been acquired
along 20 profiles in a varety of geological settings in
the southern peninsular shield, Deccan Traps covered
regions, across the Narmada-Son lincament, the
Himalayas, and more recently in the West Bengal basin,
covering more than 5000 km of DSS profiling (figure 1).
Shallow as well as deep crustal seismic data have been

obtained by continuous profiling to recording distances
of 200250 km, using explosives as the encrpy source with
shot points spacing of 10 km for shallow and 40 km for
deep crustal investigations, and geophones interval of
100-200 m, by deploying two 30-channel POISK
analog recording systems of Soviet make with recording
frequencies up to 22 Hz. Recently, NGRI has acquired
three 60-channel DFS-V digital recording systems and
currently DSS profiling is being carried out by the
digital systems with 4 ms data sampling and with a
more dense coverage of shot points and geophone
arrays of 80 m interval, notably in the West Bengal
basin. Ceincident vertical-incidence reflection profiling
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FIGURE 1

Simphficd geologral map of India showmng tocatton of the DSS profiles in varous

regions coveted by NGRI duning the penod fiom 1972 to 1990,
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has also been carried out over some part of the profiles
in this region with recording times extending up to 20s.
Interpretation of DSS data along various profiles
hrought out for the first fime. models of the deep
crustal structure including configuration of the Moho
in those regions leading to a better understanding of
the tectonic processes invohved in the formation and
evolution of the Cuddapah, Vindhyan, Gondwana,
Cambay and West Bengal basins. The Deccan Traps
corver a sigmficant part of the Indian land mass,
extending over more than 300,000 square
hilometers. Conventional shallow seismic reflection
surveys could not provide adequate information on
the thickness of the Traps or the possible presence of
subtrappean sedimentary formations of relatively low
velocity. However, from the results of DSS studies
cohered over the past few years, it has now been
possible to delineate some significant subtrappean
structures of sedimentary formations, that may be of
interest to the oil industry due to their possible
hydrocarbon potential, in addition to mapping the
basement configuration which has also been unknown
before the DSS work was undertaken in various
sedimentary basins. Besides a vast amount of DSS feld
data acquisition and interpretation, efficient comput-
ational methods have also been developed, particularly
suitable for wide-angle reflection/refraction data pro-
cessing.

B To determine velocity-depth functions, by reversed
reflection data analysis,

B To construct the deep crustal sections by migration
of single-sided wide-angle reflection data,

B To delineate shallow low velocity layers (LVL) and
other hidden layers, particularly with a view to
investigate the subtrappean structures.

Further, m order to refine the velocity-depth models
by synthetic seismograms modeling of DSS field record
sections, a viable approach has also been developed to
digitize the large volume of analog DSS records along
several profiles and present the field record sections
with reduction velocities and amplitudes normalization.
New models of the crustal and subcrustal velocity
structure have been obtained by this modeling
approach. In order to develop further the research
activities in DSS studies by introduction of verticai-
incidence reflection profiling of the continental litho-
sphere, a modern computer centre has recently been
created at NGRI with appropriate hardware systems
around a CDC CYBER 180/850A host computer and
software packages for seismic reflection data processing,
modeling and interpretation. Based on the vast amount
of DSS data and results that are now available in
various regions, major findings pertinent to site-specific
geological problems that are addressed by DSS
profiling in India are discussed in this article indicating
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directions for future research efforts appropriate to this
branch of explosion seismology.

DSS STUDIES IN THE INDIAN PENINSULAR SHIELD

DSS studies in the Indian peminsular shield were
carried out for the first time during the period from
1972 to 1975 along a 600 km long profile’-2, extending
from Kavali on the east coast up to Udipi on the west
coast, in an ENE-WS3SW direction. This profile cuts
across very important geclogical structures associated
with rich mineralized zones of the south Indian shield
notably the Nellore schist belt, the Cuddapah basin,
and the Chitradurga-Shimoga schist belts of the
Dharwar sub-basin. It was also one of the objectives of
this first DSS experiment!'? to establish the regular
relationship between the occurrence of deep faults/
fracture zones and their possible association with the
already known mineralized zones in this region. A
second 300km long DSS profile, Alampur-Koniki-
Ganapeshwaram, was subsequently covered® during
1979-80 across the northern part of the Cuddapah
basin to investigate in detail the deep tectonic features
of the basin.

DSS Resulits in the Cuddapah basin

The Cuddapah basin, located in the southeastern part
of the peninsular shield, is a unique tectonic and
orogenic belt of unfossiliferous Precambrian rocks. The
geology and tectonics of the Cuddapah basin was
studied in great detail*°. Along its eastern margin, the
rocks are folded and overthrust, otherwise it mainly
consists of an assemblage of a series of low dipping,
unmetamorphosed upper Proterozoic sediments of
Cuddapah and Kurnool systems (figure 2a). Beyond the
eastern margin of the basin, the Cuddapah group
of rocks come into contact with the Dharwars
[Archaeans]. The 600 km long crustal depth sec-
tion depicted in detail to a depth of about 50 km,
along the Kavali-Udipi DSS profile! consists of 17
major crustal blocks besides a few smaller ones. This
crustal section from Kavali to Udipi 1s cut into vanous
blocks by 15 major deep faults and 2 major low-angle
faults while 5 other faults/thrusts extend to intermediate
crustal depths.

The crustal depth sections delineated from the DSS
data along the Kavali-Parnapalle part of the Kaval-
Udipt profile'? cutting across the southern part and
that along the Alampur-Koniki-Ganapeshwaram profile’
cutting across the northern part of the Cuddapah basin
are shown in figures 2b and 2¢ respectively. The
Cuddapah basin, east of Parnappalle (figure 2b), was
formed by downfaulting of the Moho boundary against
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FiGURE 2{a) Geological and tectonic map of the Cuddapah basin (Reproduced from ref. 5) showing location of the two DSS
profiles, Kavali-Parnapalle on the eastern part of the Kavali-Udipi profile in the south and the Alampur-Koniki profile in the north
of the basin, (b) Crustal depth section along the Kavali-Parnapalle part of the Kavali-Udipi DSS profile across the southern
part of the Cuddapah basin, {reproduced from ref. 1) (¢) Crustal depth section along the Alampur-Koniki-Ganapeshwaram
DSS profile across the northern part of the Cuddapah basin. (Reproduced from rel. 3).

deep faults #9 and #7, the crustal bock # VIII being a
stable/rigid block, The Cuddapah basin was first
formed on its western part between Maidukuru and
Parnapalle where the lower Cuddapah formations were
deposited. This part of the basin consists of crustal
blocks #VI, VII and VIII where the Moho with
boundary velocity of 86km/s for Pn phase is
delineated respectively at depths of 40, 37 and 34 km.,
There was further downfaulting of the Moho in the
area between Maidukuru and Badvel resulting in the
formation of the eastern part of the Cuddapah basin
where the upper Cuddapah sediments were depostted.
Thus it was found that the Cuddapah basin was formed
by en-echelon faulting of the Moho boundary, the
eastern block consistently downfaulting relative to the
adjacent western block. Alter the deposition of the
upper Cuddapah sediments, there was a major thrust
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movement along the low-angle fault # 2, well delineated
by the DSS data. Along this low-angle fault, the
Eastern Ghats section comprising the Dharwars was
thrust up and lies over and in juxtaposition with the
upper Cuddapah sediments on the eastern margin of
the Cuddapah basin consistent with the geological
exposures in this region. The DSS section in this region
revealed for the first time a westward lateral movement
of about 20 km of the overriding block #1I over block
#111. Another low-angle fault #1, delineated by DSS
refraction data, also reveals an upward movement of
block #I1I relative to the eastern block #1. The two
low- angle faults #1 and 2 on the eastern margin of the
Cuddapah basin are also well brought out, delineating in
detail their geometry by travel times and amplitudes
modcling® of wide-angle reflection phases in  the
distance range 30 80 hkm from the two thrusts. Below
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the eastern part of Cuddapah basin, the Moho 1S
delineated at a depth of 40 km, It 1s thus evident that
the crustal thickness in this region Is quite normal and
there is no significant thinning of the crust to explain
the observed steep rise in the Bouguer gravity anomaly
oni the eastern margin of the Cuddapah basin
Modeling of gravity data’, by utilizing a crustal density
model inferred from the two-dimensional velocity-depth
seclion obtained from DSS data in this region, revealed
the presence of a high density mass at shallow depths
along the low-angle fault, suggesting a massive
movement of the high density material from deeper to
shallow depths along the ecastern margin of the
Cuddapah basin. The gravity anomaly pattern with
relatively high gradients present along the entire length
of the Eastern Ghats region is interpreted’ as a result of
emplacement of high density gabbroic rocks at very
shallow depths. The upward movement of this high
density mass is likely to be the cause of the Eastern
Ghats uplift (orogeny). Travel times and relative
amplitudes modeling of digitized DSS record sections®
in this region further confirmed the presence of high
velocity material at relatively shallow depths along the
low-angle fault on the eastern margin of the basin, This
low-angle fault is also observed from the DSS data
along the Alampur-Koniki profile’.

The basement of the Cuddapahs with boundary
velocity of 6.4 km/s, along the southern profile (figure
2b), lies at a depth of 10km in block #I1 which is
downfaulted relative to block #1V where the basement
is at a depth of 8.5 km, After the close of the Cuddapah
period, there was a downward movement of block # VI
between Maidukuru and Malepadu creating a depression
in which the Kurnoo] sediments were deposited. The
basement depth in this region is found to be 9-10 km.
The crustal depth section along the Alampur-Koniki-
Ganapeshwaram profile® in the northern part of the
Cuddapah basin also reveals block structure (figure Zc).
The basement with boundary velocity of about 6.2 km/s
in the western part of the Cuddapah basin along this
profile is very shallow, and with a gentle dip towards
east, it attains a depth of 4.5 km i the deepest part of
the Kurnool subbasin, Under the Nallamalai ranges the
basement depth varies from 3.5 to 6.5 km again with an
easterly dip. Further east in the region of Iswarkuppam
dome it is at a depth of 5.0km and in the eastern part
of the Cuddapah basin the basement depth is about
6.8 km. The Moho with boundary velocity of about
8.5 km/s is delineated at depths varying from 35 to
39km in the inland part of this profile while it is
inferred at relatively large depths of 4345 km 1n the
Nizampatnam bay region. By synthesizing the DSS
results along the two profiles across the Cuddapah
basin, structural trends at the basement as well as the
Moho levels have been brought out in detaill and
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inferences drawn regarding the evolution and tectonics
of the basin®.

DSS Resuits in the Dharwar Sub-Basin

Several geological classifications and sequences for the
Dharwars have been proposed® ™!? in the literature. The
Kavali-Udipi DSS profile on its western part cuts
across the two important geological structures, the
Chitradurga and Shimoga schist belts (figure 3a). In
view of gross differences in the character of greenstone
belts and type of metamorphism of the high grade
schists, the Karnataka craton can be divided into two
geotectonic blocks'®15 the western block and the eastern
block. The dividing line between these two blocks
approximately coincides with the western margin of the
meridional Closepet granite, The crustal depth section
delineated from the DSS data® across the Closepet
granite, Chitradurga and Shimoga schist belts and up
to the Western Ghats is shown in figure 3b. The
geological evolution of this part of the Indian shield
probably began in the early Proterozoic with the
formation of the Dharwar sub-basin originated by
downfaulting of Moho between Parnapalle [on the
western margin of the Cuddapah basin] and Agumbe
on the Western Ghats, This large sub-basin was further
subdivided into two parts, the eastern depression and
the western depression, by the uplifted crustal block
# XI near Charlapalle where the Closepet granites are
now exposed. The western depression in the area {rom
Jajjur to Agumbe has the thickest section of the
Dharwars, On the other hand, the eastern dep-
ression from Parnapalle to Rallanantapuram recei-
ved a relatively thin section of the Dharwars. The
Dharwars in the eastern part are npow almost
eroded, exposing their basement. In this eastern
depression the Moho with boundary velocity of
8.6 km/s for Pn phase is delineated in various crustal
blocks at average depths of 34 km in block #1X, 38 km
in block #IXA and 36 km in block #X. In the western
part, where there is a Jarge thickness of the Dharwars,
the Mcho is delincated with boundary velocity of
8.4 km/s in various crustal blocks at average depths of
34 km in block #XII, 35km in block #XIV, 39km in
block #XV and 38 km in block #XVI. In the crustal
block #XIII, in the region of Holalkere, the Moho 15
deepest at a depth of 41 km, It is found that the P
velocity in the uppermost mantle is significantly high
8.4-8.6 km/s, both in the regions of the Cuddapah basin
and the Dharwar sub-basin.

On the eastern margin of the Chitradurga basin two
low-angle faults #15 and #16 have been delincated by
the DSS data, along which large scale westward thrust
movements have been inferred during the intense
orogeny towards the close of the lower Proterozoic
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FIGURE 3(a) Geological map of the Chitradurga-Shimoga region {reproduced from ref. 12) showing
location of the western part of the Kavali-Udipi DSS profile.  (b) Crustal depth section along the
western part of the Kavali-Udipi DSS profile across the Dharwar sub-basin (reproduced from ref. 1).

logical evolution. Most of the deep faults delineated by
the DSS data in the Dharwar sub-basin have also been
found to correspond well with the major linear features
interpreted from the LANDSAT imagery*®.

period. The basement of the schist belt has also been
delineated with boundary velocity of 6.4km/s mn the
depth range of 4~7 km in this region. [t is quite evident
from the first DSS results obtained along the Kavali-
Udipi profile! in the Indian peninsular shicld across the
Cuddapah basin and the Dharwar sub-basins, that
detailed crustal cross sections can be interpreted by
data from a large number of reflectors delineated from
very shallow to about 50 km depth across signilicant
geological structures and these results are extremely
valuable for understanding their formation and geo-

DSS STUDIES IN THE GODAVYAR{ GRABEN AND
GODAVARI {COASTAL) BASIN

DSS investigations have been carried out during the
period from 1985 (o 1986 in the Godavari graben and
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Godavari [coastal) basin along two intersecting profiles,
one across the graben from Kallur to Polavaram
(95 km long) and the other along the graben from
Polancha to Narsapur (160 km long), to study the
basement configuration and the deep crustal structure
in the region!”. The general trend of the Archaecan
basement south and east of Polancha is NE-SW to
NNE-SSW [Eastern Ghats trend]}. while 1t 1s NW-SE
[Dharwarian trend] towards the northwest of Polancha
(figure d4a). The upper Precambrian ‘Pakhal series’
exposed north of Polancha are not seen in the south.
The investigated area also includes the Chintalpudi
sub-basin which is covered by the Kamthi sandstone of
the Jower Gondwana. Shallow and deep crustal sections
obtained from DSS datal? along the Kallur-Polavaram
profile are shown In figure 4b and those along the
Polancha-Narsapur profile are shown 1n figure 4¢c. Two

sedimentary basins, the Godavari graben and the
Godavari {coastal) basin, separated by a basement
ridge, have been delineated by the DSS data. The ridge
appears to be the northeastern extension of the Bapatla
ridge, separating the two basins. Two other basement
ridges on the Polancha-Narsapur profile between SP15
and SP16 {southeast of Polancha) and near Bhima-
varam between SP2 and SP3 (Tanuku ridge) are also
delineated (figure 4c). The lower Gondwana sediments
of P velocity 2.5-30 km/s reach a maximum thickness
of about 2.8 km near the intersection of the two profiles
at Dammapeta. On the basis of velocities obtained
along the Polancha-Narsapur profile, the Pakhal basin
does not seem to continue southeast of Polancha. It is
inferred that in the Godavari (coastal) basin the upper
Gondwana sediments with marine incursions continue
southeastwards below the Rajahmundry sandstone
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FIGURE 4(b} Shallow and deep crustal depth sections along the Kallur-Polavaram DSS profile
across the Godavari graben (reproduced from ref. 17).

between SP5 and SP6 (figure 4¢). The P velocity in the
crystalline basement 1s found in the range 5.3-5.6 km/s
along the Kallur-Polavaram profile and 5.4-6.0 km/s
along the Polancha-Narsapur profile. A prominent
interface at 3.5 km depth, with P velocity increasing
from 35.3-5.6 km/s to 6.3-6.5 km/s, is delineated in the
upper crust. This interface reveals a domal upwarp
across the Godavari graben which may be indicative of
a NE-SW crustal extension in this region. The P
velocity in the lower crust is found in the range 6.6~
6.9 km/s along the two profiles. Wide-angle reflection
data has yielded a three layer crustal structure below
10 km depth, with the Moho boundary delineated at 41-
43 km depth in this region.

DSS STUDIES IN THE MAHANADI DELTA AREA
DSS investigations were carried out in the Mahanadi

delta area'® during 1983 along three profiles:
M Konark-Pratapnagar-Mukundpur (120 km),
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Baliamba-Athgarh-Kendrapara-Jagannathpur (120km),
B Paradip-Kendrapara-Kabatbandha (90 km).

The main objectives of this DSS investigation are:
delineation of the sedimentary structures and the
basement configuration in the region as well as study of
the deep crustal structure, Most of the area under
investigation is covered by a thick cover of recent
alluvium of Mahanad: deita (figure 5a). Towards the
west of the Mahanadi basin, vast tracts of granites,
Khondalites, Charnockites and Anorthosites are exposed.
These exposures belong to the Eastern Ghats group
and are disposed mostly in the form of detached
hillocks striking NE-SW or ENE-WSW. Lower Gond-
wanas are exposed towards the southern part of the
iron ore formations lying north of the Eastern Ghats
group. Upper Gondwana rocks are exposed between
Cuttack and Bhubaneswar. Towards west of Bhuba-
neswar the strike of the upper Gondwanas s E-W to
ENE-WSW with very low dips. Shallow depth sections
down to the basement level, obtained from the seismic
refraction data'®, along the three profiles are shown in
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figure 5b. A Gondwana graben with a maximum
sedimentary thickness of about 2.8 km has been delineated
in the Cuttack-Kendrapara area of the Mahanadi
basin. This graben is bounded by faults towards its
north and south. The P velocity in the Gondwanas 1s
found to be 3.9 km/s around Cuttack, but changing to
3.2-3.5km/s towards Kendrapara. South of the Gond-
wana graben lies the shallow basement area. This
basement high probably formed the barrier northwest
of which the Gondwana graben was formed. The P
velocity in the basement is found in the range 5.6—
5.9 km/s. Southeast of this, in the coastal area and in
the adjacent offshore region, new basins developed
during the Tertiary period. Two coastal depressions,
which may also be extending into the Bay of Bengal,
have been identified; the Konark depression and the
Paradip depression, with in-land maximum sedimentary
thickness of 2400 m and 2200 m respectively and of P
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velocity 2.4 km/s. These depressions are essentially fault-
controlled. The deeper crustal sections in this region
were mainly delineated by the wide-angle reflection
data along the three profiles (figure 5¢). From these
deeper crustal sections, four reflecting mterfaces have
been observed at average depths of 6.0, 17.5, 20.5 and
345 km, the deepest one representing the Moho
boundary in this region. The average crustal thickness
in this area is found to be lower than that in the Indian
shield region.

DDSS STUDIES IN THE DECCAN TRAPS REGION AND
ACROSS THE NARMADA-SON LINEAMENT IN CENTRAL
INDIA

Extensive DSS profiling has been carried out in the
Deccan Traps covered regions, particulasly across the

CURRENT SCIENCE, YOL. 62, NOS. 1 & 2, 25 JANUARY 1992



DEEP SEISMIC SOUNDING STUDIES IN INDIA AND MAJOR DISCOVERIES

i ii—

KEY WAP

ol
e

’ ‘1// PROFILE 1
Y ewnra ¢ = P
[ ] ﬁr '.# *f

Y

el

—BHNGAM

a

Ji* 5P S0

vidu

Ty | G+ J Diem

- LT
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the three DSS profiles, Konark-Pratapnagar-Mukundpur, Baliamba-Athgarh-

Kendrapara-Jagannathpur, and. Paradip-Kendrapara-Kabatbandha.

(b) Sha-

llow depth sections to the basement level along the three DSS profiles in the
Mahanadi delta area (reproduced from ref, 18).

Narmada-Son lineament. These studies have not only
revealed the thickness of the Deccan Traps cover in the
regions, they have also brought out for the first time the
hidden subtrappean sedimentary structures, the base-
ment configuration as well as the deep crustal structure
and the Moho conliguration along various profiles..

DSS Results in the Koyna region

DSS studies in the Deccan Traps region were initiated
in 1975 in the Koyna region along two profiles at the

CURRENT SCIENCE, VOL. 62, NOS. 1 & 2, 25 JANUARY 1992

request of the Koyna Project Authority, Government of
Maharashtra. After the occurrence of the Koyna
earthquake of 10th December 1967, extensive geo-
scientific 1nvestigations were carried out in this region
by many organisations in order to understand the cause
of seismicity in the Koyna region. The question whether
the major earthquake of December 1967 in the Koyna
region was of tectonic origin or a manifestation of the
reservoir induced seismicity was highly debated. DSS
studies in this region were primanly recommended by
the UNESCO experts committee with a view that the
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FIGURE 5(c¢) Crustal depth sections along the three DSS profiles
in the Mahanadi delta area (reproduced from ref. 18).

delincation of deep crustal structure and Moho
configuration with location and alignment of any deep
fault may provide some clues to resolve the question
regarding the seismicity in the Koyna region. Further
the DSS studies were also expected to provide
information on the thickness of the Deccan Traps and
the subtrappean structures which were not known
earlier in the Koyna region. In order to examine the
seismic energy transmission through the Traps cover into
the deep crustal depths, preliminary experiments were
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conducted by recording a few explosions on selected
seismic spreads. These preliminary experiments clearly
established that the seismic energy transmission through
the Deccan Traps is very efficient and waves penen-
trated into the deep crustal depths can be recorded with
significant energy at sufficiently large distances from the
source, including the wide-angle reflections and refracted
waves from the Moho. Encouraged by these results two
DSS profiles, Koyna I (Guhagar-Chorochi)!” and
Koyna I (Kelsi-Loni)?® each about 200 km long (figure

CURRENT SCIENCE, VOL. 62, NOS. 1 & 2, 25 JANUARY 1992
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6a), were covered in the Deccan Traps region of
Maharashtra during the period from 1975 to 1978.
Shallow depth section to the basement level deli-
neated from the seismic refraction data, and deep
crustal depth section delineated from the wide-angle
reflection data are shown in figure 6b for the Koyna II
and figure 6¢ for the Koyna I profile. Along the Koyna

©
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I profile the P wave velocity in the Deccan Traps is
found in the range 4.7-49 km/s while in the Pre-
Deccan Trap contact the velocity is found to be 5.9-
6.1 km/s. The Traps thickness, essentially controlled by
the existing relief of the pre-Trappean topography, is
found to vary comsiderably: 400 m near Chorochi,
600 m near Karad, 1100 m near Koyna, 700 m near
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contours (reproduced from ref 52) are also shown
Koyna Il DSS profile showing the deep fault displacing the Moho [rtpfﬂdutt‘\: from rel.
(¢) Crustal depth section along the Koyna T DSS prolile showing the deep faults

20}
displacing the Mohao (reproduced from ref, 19).
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(b) Crustal depth section along the
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Chiplun and 1500 m near the west coast. Along the
Koyna Il profile the Deccan Traps thickness 1s found to
be about 700 m on the eastern part between Nira and
Loni and 1500 m near the west coast. The velocity 1s
found to be 4 8-5.0 km's in the Traps and 6.0-6.15 km/s
in the pre-Deccan Trap contact on this profile. On the
basis of the observed velocity of 5.9-6.2 km/s in the pre-
Deccan Trap contact, it is inferred that the Deccan
Traps directly overlie the granites and granitic gneisses
and the Bhimas-Kaladgis or the Dharwar schists do not
extend under the Traps as far norih as the Koyna region.
A tentative isopach contour map of the Deccan Traps
and a structural contour map of the pre-Deccan Trap
contact for the Koyna area were prepared® using the
information obtained from the shallow depth sections
along the two profiles. A flexure aligned in a NNW-SSE
direction, is indicated in the pre-Deccan Trap contact
which is an expression of the deep fault into the basement.
The flexure also coincides with the general orientation of
the Deccan Volcanic scarp in the Koyna reservoir area.
The deep fault has also been found to extend mto the
deep crustal depths affecting the Moho boundary along
the two profiles. The crustal depth section along the
Koyna [ as well as the Koyna II profile can be broadly
divided into two blocks, separated by the deep fault.
Along the Koyna I profile, the depth to the Moho
boundary in the western block 1s about 40 km in the
vicinity of the deep fault rising to a depth of about
30 km near the west coast. In the eastern block, the
depth to the Moho boundary is found to be 36-38 km.
Along the Koyna II profile, the Moho depth 1s found to
be 39 km near the deep fault rising to a depth of
31.5 km near the west coast. The castern block on this
profile is found to have moved up by 1.5 km relative to
the western block. A structural contour map of the
Moho in the Koyna reservoir area has also been
prepared?® from these results, revealing the deep fault
aligned in the NNW-SSE direction in this area. The
seismicity observed in the Koyna region 1s related to
the recent movements along this deep fault.

The analog DSS records along the two profiles have
been digitized?! and assembled into trace normalized
record sections with a reduction velocity of 6 km/s.
Travel times and relative amplitudes modeling®%%° of
these digitized record sections with the aid of synthetic
seismograms (figures 7a and 7b) yielded well constrain-
ed velocity-depth models for the crustal and subcrustal
sections. of the lithosphere in the Koyna region. These
new velocity-depth models reveal presence of prominent
low velocity layers (LVL) in the upper and the lower
crust as well as in the subcrustal lithosphere n this
region, The Moho is found to be a transitional rather
than a sharp boundary with the transition zone
thickness of 2-4km in this region. The uppermost
mantle Pn velocity is found to be 825km/s in the
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Koyna region. The upper crustal LVL with its top at 6~
7 km depth is found to be consistent with the observed
seismic activity concentration at 4-5 km depth and an
appreciable reduction of seismic activity at greater
depths (figure 8a). The alternating LVL in the
subcrustal lithosphere as well as the LVL in the upper
and the lower crust together with the observed depth
distribution of seismicity suggest a well defined
rheological stratification of the continental lithosphere
with varying material properties (figure 8b) in the
Koyna region?’. The earthquakes seem to be occurring
in the upper rigid layer of the crust with relatively more
strength and temperatures within 200°-300°C. The
aseismic lower crust corresponds to a zone of low
strength where ductile deformation predominates,

DSS Results in the Saurashtra Peninsula

DSS studies were carried out during 1977 along a 160 km
long profile from Navibandar to Amreli in the
Saurashtra peninsula (figure 9). The Deccan Traps
covered Saurashtra region was not explored carlier by
seismic methods, thus the Traps thickness, possible
extension of the Mesozoic sediments below the Traps,
basement configuration and deep crustal structure were
not known in this region. Shallow and deep crustal
structure delineated by analysis of seismic refraction
and wide-angle reflection data?* along the DSS profile
are shown in figures 10a and 10b respectively. The P
wave velocity in the Deccan Traps was found in the
range 4.9-5.15 km/s, consistent with that found in the
Koyna region. The Deccan Traps thickness was found
to be relatively large, west of Junagarh, about 1300 m
near Navibandar, 900 m between Mahiary and Junagarh
Towards east of the Girnar hills the Traps are relatively
thin about 400 m, however thickening to about 900 m
near Bagasara and again thinning to about 350 m near
Amreli. The velocity in the crystalline basement was
found in the range 5.9-6.0 km/s in this regton. A layer of
relatively low velocity of about 4.0 km/s, inferred as the
Mesozoic sediments, with a maximum thickness of
about 850m near Amreli was found?® beneath the
Deccan Traps (figure 10a) by a joint interpretation of
seismic refraction and wide-angle reflection data from
the upper crustal depths. On the basis of this model, 1t
was inferred that a major sedimentary basin during the
Mesozoic period probably existed from Bagasara in
castern Saurashtra, extending through the Gulf of
Cambay, Broach syncline and ending near Rajpipla
where the Mesozoics are now exposed. The deep crustal
depth section (figure 10b} in this region down to the
Moho, displays a horst and graben structure the
various crustal blocks bounded by deep faults. The
main horst named the Girnar horst lies in the region of
Girnar hills and is flanked by the Manekwara graben
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on the east and the Vanthali graben on the wost
Shallow reflectors on either side of the Girnar hils.
predominantly updipping towards the hills, indicate an
uplift of a plutonic mass from large depths as g
mechanism for the formation of the Girnar hills. The
Mocho boundary is delincated at deptby varying from
3510 42 km in this region.
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DSS RESULTS ACROSS THE NARMADA-SON LINEAMENT

The Narmada-Son lineament is a conspicuous linear
tectonte feature eatending in a ENE-WSW direction in
central India, which has played a sigmificant role i the
formation of a serics of folded structures n the
Vindhyan formations. This lineament has been consi-
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FIGURE 9 Tectonic map of central India showing location of the DSS profiles across the Narmada-Son

lineament.

dered as an ancient rift or an active fault zone?>. It is
very significant that the Vindhyan sediments were
deposited only to the north of this lineament and the
Gondwana sediments to the south of it?%, From various
geological studies it has become <lear that this
lineament is situated close to the fractures of early
Precambrian, Cretaceous and post-Deccan Traps
period, dating back predominantly to the Deccan Traps
period though the movements began significantly
earlier. This lineament is also a zone of moderate
seismicity?’, and the epicenters of a number of shocks
were found to align nearly parallel to the Narmada-
Son lineament®®. The Vindhyan basin is separated
towards the northwest from the Aravallis by a great
boundary fault trending roughly NE-SW, and in the
south the basin is bounded by the Narmada-Son
lineament (figure 9). The main Aravalli trend continues
across the Cambay basin that was formed due to the
extension in a northwest direction of the NNW-SSE

134

trend parallel to the west coast of India. The Cambay
basin originated during the Mesozoic period but
subsided at a greater rate during the Tertiary. The
Deccan Traps, which extruded around 67-68 Ma?®,
are considered to be the basement of the Tertiary
sediments in the Cambay basin. Very little information
was available on the thickness of the Deccan Traps
both 1 the Cambay basin, where they underlie the
Tertiaries, as well as in the remaining parts of the
Narmada-Son lineament zone, where they are exposed
on the surface. Further, no rebable information was
avalable on the subtrappean structures, the crystalline
basement configuration, the deep crustai structure and
the Moho configuration in this region. In order to
address some of these problems, five DSS profiles were
covered since 1976 in this region, each about 250 km
long, cutting across the Narmada-Son lineament:

B Mehmadabad-Billimora profile in the south Cambay

basin,
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DELP SEISMIC SOUNDING STUDIES IN INDIA AND MAJOR DISCOVERIFS

[ 2
” & o
¥ > & z s 3 «
x - & q «f
: < $s g g 8 : & 5 § S
[~ ¥ '5 - £ ot ¥ w « w o E
z % ® 3 g =4 @ 3 -l 2 o
l l vy » i l , T DiSTANCE tueml = n O
W 180 160 140 120 100 50 " 60 a0’ '
£1000 ﬂ:a P20 1 508 ' ' 1 ' ’ ? E L
| PaC
MSL o 180G SFP4Q ipﬁﬂj E EPH‘:D % o3 SPI0O0 SPI120 S-F'I.il:l‘ ‘ufjp|ﬁn IF!ﬂ'ﬂr - 1000 E
T D SO N e = i = ] How
- ‘e A7 =t Car - oA Lt 27 :S-L-
ﬂ-.st \1.,1' 5 g +=i&ﬂnl el lmd & —A- - » E
0. 4 T I 29 -2 =
Fa ] - > 4 l} . e -+ b -+ [TV Ry
2 o
% x
=4 4
i
" or a0,
g' ok — T —— — BOUGUER ANOMALY } o &
—_aplL @ GiRNAR
E & 33 : s : 5 3 g
o - - z ﬁ X Vo - d =
> T z z Z oz x z 3 a * x
§ ! o « o = = . o & a 5
2 - = =3 (-3 ] o - ﬂ (=
* Ilﬂ ] .En I | L b L [ D'IST#"CE {hmh " ‘
w f I i"'ﬂ I?D ll:'.'lﬂ ﬂ::i 'E? 40 20 0
1 [ . r
SP1I20 S5P20A spMOA
o SPO 3IPOA SP20 SP40 sp4DA SPRO SPADA SPAD SPIDC ﬂrﬂﬂn! ;ipmﬂalsplin SPIgED P 200 E
. "'i"' ALE B0 -1 -'L.. oy bl - O
‘"*-u-‘-. - -'.i'r . E:: - ﬁ.ﬁ'& - . - <+ -—.._.'_ . _h? —.: ----_;.‘: - F j‘
- - X - -.-‘-* - - - !_-u.., — ! i - -
o . gu-tf:_ . * -..-_-.-l_-_ W 4 % -~ "4 i * - - o - IUH
- 1 T - I i v A T DA €
Swof @ a2 [T Y e T T e 1S
x Flam ZxFRe-n oo ';# i ....-.-:t;...& — :t T ta T
Loty v ememmde, T T W T :
EWP el LY N e -ﬂ!ﬂE
MOHO il TG, - - X FS T X
e " wrowt off F3 - - e % s MOHO mw ~ &0
B-b “F4 i, ™ XFb
A0 -1 50
[::] TERTIARIES T == REFLECTOR SEGMENTS FROM ONE SIDED DATA

v_v] DECCAN TRaPS

*| INFERRED MESCZONCS
CRYSTALLINE SASEMENT

ANOTHER LAYER OF TRAFPS
WITH ASSUMED THICKNESS

+ r

. DEEP
!

== — REFLECTOR SEGMENTS FROM REVERSED DATA

— —n INFCRRED DEEP REFLECTORS
833 REFRACTION VELQCITY

Iy BLQCK
R Y MORQ REFLECTORS

FAULTS WiTH DIRECTION OF MOVEMENT

INFERRED FAULTS WITM DIRECTION OF MOVEMENY

FIGURE 10(a} Shallow depth section to the basement level along the Navibandar-

Amreli DSS profile in the Saurashtra peninsula (reproduced from ref. 24).
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depth section along the Navibandar-Amreli DSS profile in the Saurashtra peninsula

(reproduced from ref. 24).

Thuadara-Sindad,

Ujjain-Mahan,

Khajuria Kalan-Pulgaon

Hirapur-Mandla profiles (figure 9).
The Cambay basin profile has recently been extended
by another 350 km towards north from Mehmadabad
to Tharad and also towards the Sanchor basin up to
Dharimanna by seismic refraction and wide-angle
reflection profling using a 60 channel DFS-V digital
recording system and 4 ms data sampling. All the other
DSS profiles across the Narmada-Son hineament were
covered by using two 30 channcl POISK analog
recording systems.

DSS Results in the Cambay Basin

Shallow and deep crustal depth sections dcelineated
from seismic refraction and wide-angle reflection data
in the south Cambay’® and the north Cambuay and

CURRENT SCIENCE, VOL, 62, NOS, 1 & 2, 25 JANUARY 1992

Sanchor basins®' are shown in figures tla and 11b
respectively. The crustal depth section along the
Mehmadabad-Billimora profile in the south Cambay
basin (figure 11a) reveals that the basin which 1s well
known to be bounded by step faults on the eastern and
western margins, 1s also dissected in the north-south
direction into seven major crustal blocks. The crustal
blocks #1 to VII are bounded by deep faults, some of
them extending down to the Moho. The seismic activity
obscrved in this region, during historical to modern
times, suggests that these deep faults may be currently
active. A horst and graben structure is also quite
evident i the north-south direction within the south
Cambay basin. The Jambusar-Broach block #1V,
which is well known from the shallow seismic surveys
in the region as a broad regional syncline with the
maximum thickness of the Cenezolc sediments, has
been brought out in the DSS section as a magor graben
with the deepest depths of the granitic basement at 6.0~
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FIGURE 11{a) Crustal depth section along the Mehmadabad-Billimora DSS profile in the south Cambay basin

(reproduced from rel. 30)
Sanchor basins (reproduced from ref. 31).

6.5 km and the Moho at 3840 km within this block.
To the north and south of this graben, the Moho is
relatively shallow in various crustal blocks: 32-35 km 1n
blocks #1, I1 and III towards north, 31-34 km in block
#Y, 25-29 km in block #VI and only about 20 km in
block # VII thus nising rapidly towards south. The deep
fracture corresponding to the Narmada-Son lineament
is delineated on the southern margin of the Jambusar-
Broach block #IV, by the deep fault F4 south of
Ankleswar. The uppermost mantle Pn velocity in this
region is found to be 8.1-8.2 km/s. The P velocity in the
granitic basement reveals lateral variations in the range
3.7-6.3 km/s along this profile. Two deeper interfaces
were also delineated in the deep crust with boundary
velocities of 6.5-6.8 km/s and 7.0-7.5 km/s. Especially in
the region south of the Narmada river, the interface
with the boundary velocity of 7.0-7.3 km/s rises to very

116

(b) Crustal depth section along the Dharimanna-Degam DSS profile in the north Cambay and

shallow depths similar to the Moho configuration 1n
this region. The shallow structural features dehneated
by the DSS section consist of at least two prominent
layers of P velocity 1.6-2.9 km/s {Miocene and younger
formations) and 3.5-3.8 km/s (Eocene and Paleocene) of
the Tertiary sediments. A layer of velocity 4.8-5.2 km/s
has been delinecated at varying depths below the
Tertiary sedimentary layers in the Petlad-Katana block
#111 and south of the Narmada river up to Billimora,
which is interpreted as the Deccan Traps layer, The
thickness of the Deccan Traps layer varies from 1.0-
1.6 km in block #11I, 1.1 km in block #V, 1.4-1.8 km 1n
block # VI and about 1.0 km in block # VII. It is also
found likely that the Mesozoic sediments may be
present beneath the Deccan Traps in this region.

By extensive modeling®! as shown in figure 12, of the
digital DSS record sections acquired along the profile in

CURRENT SCIENCE, VOL. 62, NOS. 1 & 2, 25 JANUARY 1992
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the north Cambay and Sanchor basins, shallow and dee-
per crustal structyral features have been delineated. Four
sedimentary Sub-basins are dehineated (figure 11b) in
this region: the north and south Sanchor basins, the

CURRENT SCIENCE, VOL. 62, NOS 1 & 2, 25 JANUARY 1992

Paton basin and the Gandhinapar basin, Within the
sedimentary basin, two horst features the Diyodar ndge
and the Unhawa ridge wre alo brought oul. The
Deccan Trups of P veloeity 4 3-48 ks (orm the base
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of the Tertiary sediments in this region also except mn
the extreme northern part of the Sanchor basin, There
is also some indication of the presence of subtrappean
Mesozoic sediments along the north Cambay profile.
Maximum depth to the granitic proterozoic basement
[P velocity 5.9-6.0km’s] is about 5000 m in the north
Sanchor and the Patan sub-basins, about 5600 m in the
south Sanchor subbasin, and is deepest about 7700 m 1n
the Gandhinagar subbasin. The velocity in the upper
crust varies from 5.8 to 6.3 km/s, with presence of a
prominent low velocity layer of velocity 5.5 km/s in this
region. The lower crust consists of two layers of
velocities 6.6-6.9 km/s and 7.3-7.4 km/s. The Moho [Pn
velocity 8.0-8.1 km/s]) is delineated at a depth of 31-
33km in the north Cambay basin (figure 11b) The
large thickness of the Tertiary sediments in the Cambay
basin and a relatively thin crust in the region suggest
further rifting during the Tertiary. The high velocity
lower crustal layer of velocity 7.3-7.4 km/s delineated
from Billimora in the south to Tharad in the north
throughout the Cambay basin (figures [la and 1i1b)

PFPTH {am)

@

50 WLEGTY el

indicates underplating of the crust due to mantle
upwelling and rifting with large scale extrusion of the

Deccan Traps.

DSS Results along the Thuadara-Sindad Profile

DSS results, obtained by iterative two-dimensional ray
tracing and travel times modeling, along the Thuadara-
Sindad profile3? are shown in figures 13a and 13b
respectively for the shallow and deeper parts of the
crustal depth section. Along this profile, the P velocity
is found in the range 4.7-5.0 km/s in the Deccan Traps
layer and 5.7-6.0 km/s in the granitic basement. In the
region north of the Narmada river the Deccan Traps
layer is 500-900m thick and directly overlies the
basement. A prominent low velocity layer inferred as
the Mesozoic sediments of velocity 3.2-4.0 km/s with a
maximum thickness of 1900 m, is delineated below the
900 m thick Deccan Traps layer towards south of the
Narmada river (figure 13a). The Narmada-Son lincament
is delincated as a basement fault in this region. The P
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velocity in the lower crust, above the Moho, is found to
be 6.8—6.9 km/s. The Mcho boundary is delineated with
Pn velocity of 8.2km/s in the depth range 3843 km
along this profile (figure 13b) with a gentle upwarp of
about 2km rehef between the Narmada and Tapti,
coinciding with the location of the upper crustal graben
[above the granitic basement] consisting of the
Mesozoic sediments, These structural features are
indicative of continental rifting tn this region.

DSS Resuits along the Ujjain-Mahan Profile

The DSS resuits along the Ujjain-Mahan profile?? are
shown 1n the form of a shallow depth section down i0
the granitic basement and the deep crustal depth
section down to the Moho in figures 14a and 14b
respeclively. In the northern part of the profile from
Ujjain to Dorwa, a 600 m thick low velocity sedi-
mentary section comprising of the Cretaceous lametas,

Vindhyan quartzites and Bijawars of average velocity
3.7 km/s has been inferred underlying a relatively thin
cover of 100m of the Deccan Traps of velocity 4.7-
5.1 kmy/s. In the southern part of this profile, south of
the Narmada-Son linecament, between Dorwa and
Mahan a maximum thickness of 1.7 km of low velocity
Gondwana/Mesozoic sediments of velocity 3.2 km/s,
underlying 2 400 m thick Deccan Traps layer (figure
14a) has been inferred. The velocity in the granitic
basement s found In the range 5.8-6.1 km/s along the
Ujjain-Mahan profile. An iInterface with boundary
velocity 69-7.0km/s has been found at relatively
shallow depths of &-10km along this profile. In the
deeper section four crustal blocks are recognized in this
region (figure 14b). The Moho boundary is delineated in
the depth range 37-42 km along this profile, and the
uppermost manile Pn velocity 15 found to be 7.8~
7.9 km/s. The Narmada Son-lineament is brought out
as a deep fault delineated near Dorwa.
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DSS Resulis along the Khajuria Kalan-Pulgaon Profile

DSS data has been acquired along three lines on this
profile:
B 1340 km long N-S line Khajuria Kalan-Rahatgaon,
@ 200 km long NW-SE line Pagariahat-Masod,
B [20km long N-S line Multai-Pulgaon.
Interpretation®® of shallow refraction and deep
reflection data along the three lines delineated the
Deccan Traps thickness, subtrappean low velocity
layers and the granitic basement configuration (figure
15a) as well as the deep crustal structure (figure 15b) in
this region. It was found that the Deccan Traps cover is
very thin 100-200 m, along a major part of this profile.
Below this thin Traps cover of velocity 4.7-5.1 kmy/s, a
200-350 m thick layer of the Vindhyan and Bijawar
sediments (upper Precambrian-lower Palacozoic) of
relatively low velocity of 3.7 km,’s has been found in the
northern part of the profile from Khajuria Kalan to
Pagariahat, north of the Narmada nver. On the
southern part of the profile, espemally on the Multai-
Pulgaon line, a 300-400 m thick layer of the Gondwana
sediments (upper Carboniferous-lower Cretaceous) of
velocity 3.2km/s has been found to underlie the thin
cover of the Deccan Traps (hgure 15a). This Gondwana
basin 15 probably the northwestern extension of the
Godavari graben under the Deccan Traps cover. The
Narmada-Son lineament is brought out as a deep fault
delineated near SP 90A on the Pagariahat-Masod deep
crustal section (figure 15b). The Moho boundary 1s
delineated in some parts of this profile in the depth
range 3440 km.

DSS Results along the Hirapur-Mandla Profile and the
Evolution of the Vindhyan Basin

With a view to understand the nature of the Narmada-
Son lineament at depth and evolution of the Vindhyan
basin, a DSS profile was covered from Hirapur {close to
the boundary of the Bundelkhand massif) to Mandla
cutting across the Precambran sedimentary sequences
of the Vindhvan basin (figure 9). The Bundelkhand
group forms the Archaean basement m the area
consisting of migmatites, granites and subordinate
quartzites. The Bijawar sediments lie directly on the
basement and outcrop at the border of the Bundel-
khand complex and on the southern borders of the
Vindhyans along the Narmada-Son lineament. The
crustal depth section along this profile has been
computed in two steps from the DSS data®>-3¢ The
shallow section to the crystalline basement (figure 16a)
is derived by inverting first arrival refraction travel
times. The shallow section reveals a simple two layer
model from Hirapur to Narsinghgarh with P velocities
of 4.2-4.8 km/s and 5.8-6.2 km/s in the two layers. The
second layer is considered to be the basement that
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outcrops in the Bundelkhand complex. In the region
from Damoh to Jabera there are three layers to the
basement level, with P velocities of 4.5-4.8 kmys,
54 km/s and 6.5 km/s. The velocity in the range 5.8-
6.2 km/s, corresponding to the basement complex in the
northern section, is not found in this part of the profile.
The relatively thick layer of velocity 5.4 km/s directly
overlies the higher velocity layer of 6.5 km/s. In the first
layer, the P velocity varies across the basin in the range
4.0-4.8 km/s. This range of velocity corresponds to
different formations of the upper Vindhyan group. The
second layer of velocity 5.3~-5.4 km/s which is relatively
thick, is only confined to the Vindhyan graben bounded
by deep faults at Narsinghgarh and Katangi. This layer
corresponds to the lower Vindhyan sequence. The
deeper layer of velocity 6.5 km/s in this graben region,
represents the crystatline basement. Further south
between Katangi and Jabalpur the first layer is of
5.9 km/s velocity representing the crystalline basement.
The velocity in the underlying layer 1s 6.7-6.9 km/s
occurring just at 2 km depth, In the southernmost part
between Jabalpur and Mandla the profile covers the
exposed Deccan Traps. The first layer of the Deccan
Traps is delineated with a veloaty of 4.5-4.8 km/s, while
in the second layer the velocity is found to be 5.9 km/s
representing the crystailine basement. Aithough a
possibility of the Satpura Gondwana rocks continumng
beneath the Deccan Traps in this region was suggested?’,
however, no indications were found from the DSS data
for the presence of a low velocity layer of the
Gondwanas below the Deccan Traps layer of relatively
high velocity.

To construct the deeper crustal section, by migration
of wide-angle reflection data, two velocity-depth
functions were used separately for the Vindhyan basin
region and the Deccan Traps covered region. The
crustal depth section was also further refined by an
iterative two-dimensional ray tracing technique. From
the deep crustal section in this region {figure 16b)
obtained from wide-angle reflecion data, three deep
faults are inferred at Narsinghgarh, Katangi and
Jabalpur. Block tectonics appear to have been active in
this area throughout the geological history. The crustal
section is divided into four major blocks. The crustal
block between Narsinghgarh and Katangi has given rise
to a graben in the crystalline basement, forming the
great Vindhyan basin®®. The continuous sinking of the
cystalline basement at Katangi resulted in the accu-
mulation of a large thickness [about 5.5km] of the
Precambrian Vindhyan sediments. The crustal block
between Katangi and Jabalpur is a horst block. The
Narmada-Son lineament appears to be a horst crustal
block bounded by deep faults at Katangt and Jabalpur.
The normal crystalline basement of velocity 5.9-6.2 km/s
is either absent or very thin in the Vindhyan graben as
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FIGURE 15(b) Crustal depth sections along the three DSS profiles,
Khajuria Kalan-Rahatgaon, Pagariahat-Masod, and Multai-Pulgaon,

across the Narmada-Son lineament (reproduced from ref. 34}.

compared to the normal crust between Jabalpur and
Mandla. This suggests ‘uplift and erosion’ of old
basement prior to the deposition of the Vindhyan
sediments, indicating that the deep faults are as old as
the early Precambrian period. Subsequently, the
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sediments have been deposited directly on the 6.5 km/s
velocity layer, that may correspond to higher grade
metamorphic rocks. The Moho boundary is delineated
with a velocity of 8.0km/s in the depth range 39.5-

435 km in this region.
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MAPPING THE THICKNESS OF THE DECCAN TRAP
FLOWS AND INFERENCE OF A HIDDEN MESOZOIC
BASIN IN THE NARMADA-TAPTI REGION

On the basis of the DSS results obtained along the
three profiles: Mehmadabad-Billimora, Ujjain-Mahan
and Khajuria Kalan-Pulgaon, a large [200km X
100 km] WNW.ESE trending ‘Tapti graben’ consisting
of the low velocity [3.2 km/s] Mesozoic sediments, with
a maximum thickness of about 1700 m was 111furred”
under a thin Deccan Traps cover [about 400 m, of
velocity $.0km/s]. Quite separated from the Tapti
graben a small Gondwana graben [100km x 100 km]

CLURRINT SCIINCE, VOL, 2, NOS, | & 2, 25 JANUARY 1992

in the Multai-Pulgaon region consisting of the low
velocity [3.2km/s] Gondwana sediments, with 8
maximum thickness of about 400.m was also inferred??
under a thin Deccan Traps cover [about 100m]
Recently the results pertinent to the shallow and deep
crustal structure obtained along eight DSS profiles in
the Deccan Traps regions of Koyna, Saurashtra and
across the Narmada-Son lineament have been synthes
sized*? to map the thickness of the Deccan Traps and
infer the extent of the hidden Mesozoic basin beneath
the traps. These results are presented in the form of
three maps:

M lsopach contour map of the Deccan Traps (figure

17),
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B Isopach contour map of the Mesozoic sediments
inferred below the Traps (figure 18),

B 2 structural contour map of the Moho (figure 19)
in the region.

It is found from this study that the Deccan Traps are
relatively thin, about 100 m in the northeastern part,
and gradually thicken to 1500 m neat the west coast.
The same thickness is obtained in the southern and
western coasts of Saurashira and in s northetn part
(figure 17). The presence of a hidden Mesozoic basin is
a1s0 mierred from this stody®? telow the Deccan Yraps
cover in the Narmada-Tapti region. This basin consists
of twa grabens separated by a smaller horst (figure 18).
The major basin 1 iormed in the southern graven in
the Tapti river area which is bounded in the north by
an E-W fault, This graben is referred here as the “Tapt
graben’ in which the low vejocity Mesozoic sediments
wilth a maximum thickness of 1300 m are deposited.
The northern graben referred here as the ‘Narmada
graben’ has a maximum sedimentary thickness of about
100 m. The Mesozoie basin in the Narmada-Tapt artea
appears to have formed part of a larger Mesozoic sea
that extended in an arcuate shape from Sanawad-
pMahan through Barwani-Sindad, Ankleswar-Surat,
Navibandar-Amrelt, Kutch, Rajasthan, Sind and up to
Salt range. This Mesozoic sea must have bordered the
exposed Vindhyans, Aravallis and the Delhis almost
girdling around them in the south, west, and northwest
in the form of a horse shoe.

The sediments found to be presént beneath the
Deccan Traps in the region east of Pulgaon and west of
Nagpur are considered to be representing an extension
of the Gondwama Godavari graben. This small
Gondwana basin 1n the Muitai-Pulgaon region with a
maximum sedimentary thickness of 400 m is separated
by a hypothetical fault from the large Mesozoic basin
towards the west. In the Deccan Traps covered region,
the Moho configuration reveals a ENE-WSW trending
depression in the central part comciding with the
Narmada-Tapti ¢egion (figute 19) where the Moho
depth is about 43 km. The sagging of the Moho m this
region probably initiated at the time of formation of the
Mesozoic basin as well as the Deccan syneclise. The
region from Surs! 10 Bombay on the west coast, was
characterized by an upwarp of the Moho during the
Jate Cretaceous period probably representing a transi-
1ion type crust acting as a major sourte of the Deccan
Trap flows that spread across to large distances
towards the east, west and south?®

D88 sTUDIES ACROSS THE HIMALAYA

An international Pamir-Himalaya project was lormu-
lated in 1973 for Carrying out detailed geological and
geophysical investigations in the Pamir-Himalayan
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region, As a part of this international geoscientific
programme 2 Jong-range DSS profile Toktogul-
Qarrskol (Karakul)-Zorkol-Nangaparbat ({Sangosar)
Srinagar across the Great Pamirs, the Great Kara-
koram and the Great Himalayas, was selected for
studying deep seismic structure in the region. The shot
points Qarrakol and 2Zorkol in the Pamirs were
operated by the Sowvict scientists and the shot point
Nangaparbat i the Himalaya was operated by ihe
Italian and Pakistani scientists, First experimental shots
m the Qarrakol lake, USSR, were successfully recorded
by the DSS group of NGRI near Srinagar, Kashmir, in
1974. Further recordings followed in 1975 and 1978. Due
o hinntations of logistics and large source-receiver dist-
ances nvolved in these experiments, the scheme of record-
1ngs consisied of only isolated but suitably selected spreads
for successful recording of various shots from Qarrakol
(5 tons), Zorkol {10 tons) and Nangaparbat (2--3 tons).
While continuous and overlapping coverage of the
subsurface was not avaiable, the data was however
treated along three profiles {figure 20) based on the
arientation of lines joining the shat points and the
recording spreads near Manashal lake, Sopur and Tral
areas of Kashmir providing discontinuous travel time
curves. The NNE-SSW trending profile 1 (Nangaparbat-
Soput) starts near Wular lake and cuts across the
Panjal Traps, Dogra slates, black slates and Phyllites
with marble intercalations apd then iraverses the
exposed granites, a thick section of basic lava and an
alterpating exposure of granite and gneiss-migmatites
belore ending up on the eastern fank of the
Nangaparbat massif. The travel tirfies data on the
profile 1 is available from the shot point Nangaparbat
in the distance range 27143 km. Subsequently this
profile was also extended towards SSW up to Naoshera
cutting across the Srinagar and Jammu valleys of
Kashmir. The profile from Wular iake 10 Gulmarp, as
well as from Thanamandi to Naoshera was covered by
reversed continuous profiling in order to obtain the
deener crustal coverage across the Pir Pamal range.
The shallow section to the basement level was howoves
covered DOl in the Srinapat and the Jammua valleys.
The NNW-SSE trending profile 2 {Nangaparbat-Tral)
starts ticar Tral and cuts across the Panjal Traps, black
slates and Phyllites, exposed granites, basic lava and
reaches the Nangaparbat massif passing through Indus
Ophiolites and the Mesozoics. The travel times data on
the profile 2 1s also avajlable from the shor point

Nangaparbat in the distance rapge 152-188 km, The

profite 3 {(Qarrakol-Zorkol-Sopur-Tral) has the general

alignment of profile 2 and extends (@ the north up to

the Qarrakol Jake in the Pamirs, The travel times data

on the profile 3 is available from the shot paints

Carrahol and Zorkol in the Jdistange raniges 363-388 ki,

430--440 km, 529 539 km and 335 590 km.
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Map showing locations of the DSS profiles across the

Great Himalayas and shot points operated during 1974, 1975 and 1978
in India, Pakistan and the USSR under the International Pamir-

Himalaya project.

The wide-angle tieflection data obtained from the
shot point Nangaparbat along the profiles 1 and 2 were
used*® %! to derive the velocity-depth function appli-
cable for the Nangaparbat region of the Himalaya. An
average depth of about 60 km for the Moho in this
region 1s indicated by the velocity model compared to
the average Moho depth of about 40 km in the Indian
shield region®. The velocity model obtained for the
Nangaparbat region was used to invert the wide-angle
reflecion trave]l times data into depth sections. The

148

deep crustal depth sections obtained*%~* along profile 1
(Nangaparbat-Sopur) and profile 2 (Nangaparbat-
Tral) are shown in figures 21a and 21lb respectively.
Along profile 1, between Sopur and Kanzalwan all the
reflection boundaries including the Moho show steep
dips of 15°-25° towards Kanzalwan in the NNE
direction. The Moho rapidly reaches a depth of about
65 km 1n the region of Kanzalwan. Two intermediate
reflectton boundaries are also indicated in this section.
The sudden steepening of all the reflectors to 25°-35°
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FIGURE 21(a)

Deep crustal cross section along the Nangaparbat-Sopur profile across

the Great Himalayas based on seismic reflection data from the Nangaparbat shots
(reproduced {rom refs. 40, 41) (b} Deep crustal cross section along the Nangaparbat-

Tral profile across the Great Himalayas based on seismic rellection data from the
Nangaparbat shots (reproduced from refs. 40, 41).

on the Sopur side indicates a possible faulting (F, ).
Towards NNE from Kanzalwan the reflection bounda-

ries show a pgeneral updip of 10°-20° towards the
Nangaparbat massif. The Moho appears to have been

displaced due to faufting (F,,) by about 6 km, {rom
about 67km jn the SSW block to about 73 km in (he
NNE block. The Moho rises to about 60 km depth

below the Nangaparbat massi{ due to reversal of the
dip in the NNE block (figure 21a). The deep crustal

CURRENT SCIENCE, VOL. 62, NOS | & 2, 25 JANUARY {992

section along profile 2 also reveals similar structural
[catures. At Tral the crustal section reveals an apparent
dip towards NNW but appears to be relatively flattened
south of Kanvzalwan, The relatively large dips of about
257 of various reflection scgmeats ool Tral are
indicative of a possible fauluing (F,,). Beyond Kanzal-
wan fowards the Nuaogaparbat massf i the NNW
there appears to be apmin a reyersal of the dip of the
Moho and other shallower reflectton segments, The
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Moho appears to have been displaced due to faulting
(F,,) by about § km along this profile (figure 21b). The
Moho which is at a depth of about 60 km north of
Srinagar reaches a depth of about 67km in the
flattened region near Kanzalwan. The Moho rises
towards the Nangaparbat massif due to a reversal of its.
dip in the NNW block. The nse of the Moho
consistently found on the two profiles, Nangaparbat-
Sopur and Nangaparbat-Tral, appears to be related to
the uplit of the Nangaparbat massif. The crustal block
enclosed by the two profiles seems to be cut up by two
almost vertical deep faults running WNW-ESE, and the
southern fault may be associated with the intrusive
contact of the Panjal Traps in the Srinagar area. The
northern fault has displaced the Moho by 5-6 km.

The crustal depth section across the Pir Panjal range
of the Himalaya along the Wular lake-Naoshera
profile*?, which is a southwestern extension of the
Nangaparbat-Sopur profile (profile 1), is shown
figure 21c. The shallow section to the basement level
delineated the Srinagar and Jammu syncbnes each having a
maximum sedimentary thickness of about 18 km. In the
Srinagar syncline, the thickness of the exposed Karewas
of P velocity 2.8 km/s 1s found in the range 500-1100 m.
Under this thin cover of the Karewas, a relatively thick
(2.0-3.6 km) section of the Trassic limestones of
velocity 4.504.65 km/s is found in the Srinagar syncline
which may have some hydrocarbons potential like
those in the North Sea, The third layer of velocity
5.8 km/’s with a thickness of 2.5-3.0 km 1s inferred to be
the Panjal Traps, the observed velocity being also
found to be consistent with the laboratory measure-
ments of velocity on samples of the Panjal Traps
(5.94 km/s). In the Jammu syncline, the exposed
Murrees and middle and lower Siwaliks of velocity 3.8—
4.6 km/s seem to have a total thickness of about 3 km
near Naoshera overlying the Waishnodevi limestones
of velocity 5.5-5.8 km/s, The velocity of 5.8 km/s also
corresponds to that in the Panjal Traps in the Srinagar
valley. However, in the Jammu valley region huge
exposures of the Waishnodevi limestones are extens-
ively found which may as well occur at depths, In the
region between Rajaun and the Murree thrust, below
the lower Murrees of velocity 3.9 kmy/s, a 700 m thick
layer of Subathus [Nummulites] 1s inferred that may
also have some hydrocarbon potential. The huge
thickness of about 18 km of sediments found in the
Srinagar and Jammu synclines may imply that the
Panjal Traps in the Srinagar valley and the Waish-
nodevi limestones in the Jammu valley may be
underlain by older Palacozoic sediments like the
Dogras and Salkhalas. The deeper crustal section 1s
divided into three major blocks bounded by deep faults.
In the southern block the Moho is at a depth of 44 km
ncar the Main Boundary Fault, 57 km under the Pir
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Panjal range, 5t km necar Babarishi and 63-69 km in
the region north of Muquam. Under the Great
Himalaya, the Moho rises from its deepest depth of 78 km
to 67 km below the Nangaparbat massif (figure 21¢).

The deep structure of the upper mantle delineated
across the international profile Qarrakol-Zorkol-Sopur-
Tral 1s shown in figure 21d. Along this profile the
primary reflection data from the Moho boundary could
not be recorded due to the relatively large source-
recerver distances involved for recording the Qarrakol
and Zorkol shots. This is also consistent with the
findings that the velocity model determined for the
Himalaya region theoretically predicts the Moho
reflections to a maximum distance of only about
370 km. The strong arrivals identified on these long
distance records along this profile possibly correspond
to reflections from prominent interfaces in the upper
mantle. The deep reflection data on this profile thus
reveal presence of two broad zones of reflector segments
at depth ranges of 150-180km and 340-365km,
extending laterally over 200-300 km distance across the
Great Himalayas, Karakoram and Pamir ranges. The
shallow reflector in the upper mantle at 150-180km
depth may represent the top while the deeper reflector
at 340-365km depth may be associated with the
bottom of the Asthenosphere layer in this region®®4!,

Based on the deep seismic sounding results and the
seismotectonic studies in the Himalaya it was postu-
lated*? that the Himalayas were formed due to block
uplift against steep angle faults rather than due to a
widely believed continental collision mechanism that
envisages underthrusting of the Indian shield under
Tibet to build up a large crustal thickness found in the
region. The Jarge crustal thickness 1 the Trans
Himalaya-Tibet region may possibly be due to normal
processes of crustal formation and the excess overloading
might be the cause of structural failure in the
Himalayas which were eventually uplifted*”. It was also
further postulated****, on the basis of the DSS and
seismotectonic studies in this region, that the northern
boundary of the Indian plate falls very much to the
north of the Main Central Thrust in the Himalaya, the
Indus Suture line and even the combined Indo-Tibetan
block, coinciding with the southern margin of the Tien
Shan-Nan Shan mobile fold belt, passing south of the
Ordos and Shanshi blocks finally turning northeast-
wards.

DSS STUDIES IN THE WEST BENGAL BASIN
Recently during the period {rom 1987 to 1990, detailed
DSS profiling expeniments have been conducted in the

West Bengal basin along three E-W profiles:
B Behator-Bangaon,

CURRENT SCIENCE, VOL, 62, NOS. 1 & 2, 25 JANUARY 1992
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FiGURE 21(c) Crustal depth section along the Wular lake-Gulmarg-Thanamandi-
Naoshera IDSS profile revealing the Srinagar and Jammu synclines and the deep
crustal structure across the Pir Panjal range and the Great Himalayas (reproduced
from ref. 42). O (d) Upper mantle depth cross section along the Internattonal
profile Qarrakol-Zorkol-Sopur-Tral across the Pamir-Himalaya region reveahng deep
reflector zones at depths of 150-180 km and 340-365 km inferred as the top and
bottom of the Asthenospheric layer in the region (reproduced from ref. 41).

B Gopali-Port Canning, shot points spacing of about 10km and geophone
B Arambag-Taki, interval of 80 m. The large number of closely spaced

and an intersecting N-S profile Bishnupur-Kandi (igure  shot points with reversed and overlapping coverage of
1). Seismic refraction and widc-angle reflection data  the profiles provide sufficient data redundancy to map
have been acquired with two 60 channcl DFS-V  the sedimentary basin structure and the velatively deep
systems at 4 ms sampling using explosives source with  (8-10 km) basement configuration as well as the deep
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crustal structure and the Moho configuration in the
region*3*%. The inference of 4 relatively low veloaty
layer (3.8-4.0km’s) of Gondwana sediments underlying
the higher velocity layer (4 6-4.7km/'s) of the Rajmahal
Traps 1s of particular interest to the ONGC who have
sponsored the DSS studies in this region. The deep
crustal structure and the Moho configuration inferred
by the DSS studies suggest the ‘continental’ type of
crust in the West Bengal basin. Coincident deep seismic
reflection profiling along a 30km line on the N-§
profile resolved the sedimentary section, underlying
basement and the Moho remarkably well, consistent
with the wide-angle reflection data, besides revealing for
the first time the deep crustal reflectivity structure in
this region.

RESEARCH AND DEVELOPMENT ACTIVITY

Concurrent with the extensive DSS profiling experi-
ments in a vanety of geologically significant regions in
[ndia, efficient computational methods and software are
developed particularly suitable for seismic wide-angle
reflection,Tefraction data processing, modeling and
interpretation. A computerized method is developed®’
for finding eflective velocity at the depth of common
reflection point, the reflector dip and its migrated
position from the analysis of a pair of direct and
reversed reflection travel time curves. The significant
property of convergence of perpendicular distance of a
dipping reflector to the shot point for any assumed
reflector dip, makes it possible to scan through a wide
range of dips by an iterative process until the velocities
computed by the direct and reversed travel times data
agree within the required tolerance limit which then
yields the appropriate effective velocity to the depth of
the common reflection point. The corresponding dip also
deterrmnes an optimum migrated reflector position
consistent with the reversed travel times data. This
method has extensively been used for obtaining
velocity-depth functions for most of the regions covered
by DSS profiling in [ndia. Based on this concept of
effective velocity an analytical method is further
developed®® to construct the deep crustal sections by
migration of single-sided wide-angle reflection data. The
migration progess is found to be extremely rapid by this
method as the curved ray paths are successfully
replaced by equivalent straight ray paths. However, a
post-migration sliding correction is found to be
necessary that arises due to non-collinearity of the
recording point, reflection point and the image point of
the source. Migration of wide-angle reflection data
along most of the DSS profiles has efficiently been
carried out on high speed computers by this method

yielding interpretable depth sections of deep crustal
structures.
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In order to delineate the shallow low velocity layers
(LVL)}, particularly the subtrappean sedimentary layers
discovered along several DSS profiles an indirect
seismic method based on statistical criteria is developed®®
by a joint analysis of seismic reflection and refraction
data. The thicknesses of both overlying high velocity
and underlying low velocity layers can be estimated
reliably in regions where the velocity in the LVL is
accurately known from nearby exposures or the drill
holes. In the absence of reliable velocity estimates of the
LVL, however, upper limits of both the velocity and the
thickness of the LVL can be inferred by this method.
The subtrappean sedimentary structures in various
regions have been inferred by application of this
indirect method. Approaches to solution of the hidden
layer problems in seismic refraction prospecting have
also been proposed®™°! based on interpretations of
later armiving refraction and wide-angle reflection
phases. Forward modeling of large amplitude wide-
angle reflection data corresponding to the hidden layers
contributes to reliable mterpretation of seismic refraction
data by providing hidden layer parameters, as demon-
strated by delineation of the hidden Deccan Traps layer
underiying the Tertiary sedimentary section in parts of
the Cambay basin®*"*!, In order to refine the velocity-
depth models of the crust and the subcrustal litho-
sphere by application of modern data processing
techniques and synthetic seismogram modeling, a viable
approach has successfully been developed?! to digitize
the analog DSS field records and display the record
sections with reduction velocity and amplitudes norma-
hzation. New models of the crustal and subcrustal
velocity structure have been obtained?2-23 in the Koyna
region by digitization and synthetic seismogram
modeling of the record sections. Efficient software
packages have also been developed for processing digital
wide-angle reflection data acquired by the DFS-V
systems, as well as for modeling of crustal seismic
record sections.

CONCLUDING REMARKS

Extensive D8S profiling experiments have been conduc-
ted by acquiring seismic refraction and wide-angle
reflection data in a variety of geological settings in
India. A wide range of geologically significant problems
have been addressed by these datasets: notably
delineation of subtrappean sedimentary structures and
basement configuration, formation and evolution of
sedimentary basins, deep crustal structure and tectonic
framework depicting fault controlled crustal blocks
(terranes) extending down to the Moho, in the south
Indian shield, across the Narmada-Son lineament and
the Great Himalaya. The DSS datasets in the wide-
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angle range have also yielded velocity-depth models of
the Indian continental crust in various fregions,
revealing presence of {ow welocity layers, transitional
nature of the Moho and other intracrustal boundaries,
providing a wnique geophysical fTamework 10 understand
the rheological structure and intracontinental seismicity.
particularly in the Koyna region, Further insight to the
brittle/ductile regimes of the continental crust and the
subcrustal lithosphere can be obtained by seismic
imaging of the reflectivity structure by deep seismic
reflection profiling and common depth point (CDP) stack-
ing of near-vertical ticidence reflection data extending to
15-20 s two way times, Experimental reflection profiling
and CDP stacking in the West Bengal basin, conducted
for the first time in the Indian region, revealed
encouraging results of the deep seismic image of the
crustal hthosphere, consistent with the coincident wide-
angle reflection data to the Moho depths. In order to
study the complex structure and evolution of the
Proterozoic basins. the underlying Archacan basement
and the deep structure in the region, a 400 km long
profile from Nagaur-Ajmer-Kota-JThalawar across the
Aravallis is planned to be covered essentially by CDP
reflection profiling. Coincident wide-angle reflection/
refraction profiling on selected parts of this CDP
reflection profile will also be covered for consistent
interpretation of the datasets. Long-range refraction
profiing experiments should be conducied out to about
1000 km range by deploying high dynamic range three-
component digital stand-alone recording systems to
study the seismic anisotropy and fine structure of the
Indian continental crust and the subcrustal lithosphere,

REFERENCES

1. Kaily, K. L. &1 al, J. Geol. Soc. india, 1575, 20, 307.

Kaila, K. L, et ai, in Developments in Solid Earth Geophysics and
Geodynamics, 25th Int. Geol. Cong., Syduey, 1976, 2, 368.

Kaila, K. L. er ai.. Tectonophysics, 1987, 140, 1.

King, W., Mem, Geol. Surv. India, 1872, 8, 1.

Narayanaswami, S., J. Geol, Sac. India, 1966, 7, 33.

Knshna, V. G, Xails, K. L, Rao, G. S P. ang Reddy, P. R, 10
Fourth lnernational Symposium on Deep Seismic Reflection
Profiling of the Continental [ithosphere, Bayreuth, FRG, TERRA
Abstracts, 2, 90,

Kaila, K. L., and Bhatia, S. C., Tectonophysics, 1981, 79, 129,
Kaila, K. L. and Tewari, H. C., Tectonophysics, 1985, 115, 6%.
Pichamuthy, C. 8, Curr Sci, 1931, 20, 117.

MNautiyal, §. P, Fresidentiz} Address, Geol and Geogr, Sec,
Induan Science Confiress 1966, Session £3, 107.

1! Radhakrishna, B. P.. J. Geol. Soc. India, 1968, §, 102.

12. Snnivasan, R. and Sreenjvas, B. L., J. Geol. Soc. India, 1972, 13,

75.
13. Radhakrishna, B. P. and Vasudev, V. N., 1, Geol Soc. India, 1977,

1%, $25.

14 Swamnach, J, Rameknshaan, M. and ¥Yiswanatha, M N, Ree
Geol, Surp. Inchg, 1976, 107, 149

15 Ramukeshnan, M Viswanatha, M, N and Swamnath, J, J Ged
Soc india, 1976, 17, 97,

b3

RPN

i

CURRENT SCIENCE, VOL. 62, NOS, 1 & 2, 25 JANUARY 1992

16.

17.
138.
19.
20.

21

3.

24,

23,
26.
27
28,
29.
30.

31.
32.

34.

35.
36,

37.

38

39.
90.

41

82,

43.

srinivasan, R, and Sreentvas, B. L., J. Ceol. Soc. India, 1977, 18,
589.

Kaila, K. L., Murty, P. R. K, Rao, V. K_and Venkateswarly, N,
Tectonophysics, 1980, 1713 107

Kai}ar K. L. Tﬂwan! H. C, ﬂﬂd Mﬂjll; D-L Mﬂw J. Gegl. Soc, Iﬁd{:ﬂ,
1987, 29 203

Kaifa, K. L., Reddy, P. R, Dixit, M. M. and Lazarenko, M. A J.
Geol. Soc. India, 1981, 22, 1.

Kaila, K. L., Murty, P. R. K., Rao, V. K. and Kharetchko, G. E.
Tectonophysics, 1981, 73, 35,

Krishna, V. G. and Kaila, K. L., in Deep Sermic Soundings and
Crustal Tectonies, 1986, ARG, 99.

. Knishna, Y. G, Katta, K. L. and Reddy, P. R, in Properties and

Processes of the Earth’s lower crust, AGU Geophys. Monogy, 51,
JUGG 6, 1989, 143,

Koshoa, V. G, Kals, K. 1, and Reddy, P. R, Phys. Eorth gnd
Planet fater., 1991, 7, 283,

Kaila, K. L., Tewars, H. C. and Sarma, P, L. N., Mem. Geol. Soc.
India, 1980, 3, 218,

Auden, 1. B, Natl. Inst, S¢i. Indra, 1949, 15, 315.

West, W, D., Curr. Sci, 1962, 31, 143.

Kaila, K. L., Gaur, V. K. ynd Narain, H, Bull. Seismol. Soc. Am.,
1972, 62, 1119,

Tandon, A N and Chiowdhury, H. M, Indian J. Power River Val.
Dev., Symposiun on Koyna earthquake.

Duncart, R. A. and Pyle, D G, in Deccan Flood Basaits, Mem.
Geol. Soc. fndia, 1988, 10, 1.

Kala, K. L, Knshaa, V. G, and Mall, O. M, Tectonophysics,
1981, 76, 99.

Kaila, K. L. et al, Geoprys J Inr., 1990, 183, 621.

Kaila, K. L, Rao, I. B P, Rao, P. K, Madhava Rao, N., Krishna,
V. G. and Sridbar, A, R, in Propertizs and processes of ihe Eqrtit's
Lower Crust, {989, AGU Geanbiys, Moness. 5t (UGG 6, 127,
Kaila, K. L, Reddy, P. R, Dixit, M. M. and Rao, P, K,, /. Geol.
Soc. Indha, 1985, 26, 465,

Kaila, K. L. and Raop, P, K, in Deep Seismic Soundings and
Crustal Tectomcs, 1986, AEG, 43.

Kaida, K. L, Murty, P. R. K,, Mall, D. M, Dixit, M. M. and
Sarkar, D., Geophys 1. R. Astron, Soc.. 1987, 89 3199,

Kaila, K. L., Murthy, P. R, K. and Mall, O M., Tectonorkysics,
1989, 162, 277.

Pascoe, E. H., Manual of Gapinsy of India and Burma 1§, Govi. of
[ndia Publ., Calcutta, 1959,

Kaia, K. L, in Reflection Seismology. A Global Per<pective, AGU
Geodynamics Series, 1986, 13, 133,

Kaila, K. L., Mem. Geol, Soc. India, 1988, 10, 91,

Kaia, K. L, Krishna, V. G, Roy Chowdhury, K. and Naram H,
J. Geol. Soc. [ndia, 1978, 19 1

Kaila, K, L., Roy Chowdhyry, K., Knshna, V. G., Dixit, M. M
and Ngrain H, Boll. Gegfin. Teor. Appl,, 1983, XXY, 121,

Kaiig, K. L, Tripathi, K. M, and Duixit. M, M, J. Geol. Soc. Indra,
1984 25, 104,

Kala, K. L. and Narain, H, in Himalayun Geulogy Semunar:
Seructure, Tecronics, Sewsmicty and Evolucon, 1975, Sec. 1L 1.
Kala, K. L, in Zagres, Hmduhish, Hwmalmya Geedynanmie
Evolution, AGU Geodyn.imics Series, 1981 3. 272

. Kada, K. L. &t al, e Fotreh [niernationdd Symposium on Deep

Sersmie  Refloction Praftlmg  of the Contmental  Lithosphere,
ﬂﬂ'ﬁrfnjfl, FRO, TERRA AP racts, 217

. Kala, Ko L.oer aly in XX Ceperal Assembiy, TUGS, Viennd, 1991,

Kada, K. L gnd Knskaa, V. G., Geophvss, 1919, 44, 1064,
Kala, K. L. Roy Chowdhury., K. and Krnhnd, V. &, Sl
Geopliys, Gead 1YRD 26, 254,

. Kaihy, K Lo Tewan, H Coapd Koshna, VG Geophyacy, 1951,

46, 1003,

C Kaila, K L oaad Nacaw, 5, Geoplissies, 1970, 38, 653

151



K. L KAILA AND V, G, KRISHNA

SI. Sarkar, D, Tewan, H. C.. Dixit, M. M, and Kailp, K, L,
Geophy sies, 1991, 56, 102.

82, Kailasam, L. N, Monty, B. G, K..and Chayanuly, A Y. S. R,
Curr. Scr., 1972, 41, 403.

$3. Rastogt. B. K., Sarma, C. §, P., Chadha, R. K. and Kumar, N,
NGRU Tech, Rept., L98S,

54, Muelier, 8, 1n The Earth’s Crust, AGU Geophys, Monogr,, [977,
20, 289.

35. Bankwitz. p. Bankwitp, E. and Grunthal, Gerlands Benr.
Geophys., 1985, 94, 294,

56, Knothe, D, H.. Deutsthe Domokratische Republiik, NKGC
Geodat. Geophys. Veroff,, 1972, 27, 59.

ACKNOWLEDGEMENTS: DSS profiling experiments, con-
ducted uninterruptedly since 1972 along several profiles in
India, involved a unique nature of large scale field operations
with continuous support and cooperation of many organis-
ations and scientists. Prof. HariNarain (Director of NGRI til
1983) has been mainly responsible for initiating this major
project in collaboration with the Geophysical Institute of the

154

Ukrainian Academy of Sciences, Kiev, USSR, The DSS field
equipment including the POISK seismic stations were initially
contributed by the Geophysical Institute, Kiev, besides
participation of a team of Soviet scientists in field operations
and mierpretation during the ingtial period of investigations
from 1972 to 1975 along the Xawali-Udipi profile. In the
subsequent years, DSS profiling experiments have largely
been sponsored by the Oil and Natural Gas Commission,
besides a few profiles sponsored by the Qil India Limited.
Geological Survey of ITndia and the Mahavashtra State
Government. The Oil Industry Development Board has
generously granted funds for augmenting DSS facilities
inctuding mstallation of a modern computer centre for seismic
data processing at NGRI, The scientists and other project
personhel of the DSS project, NGRI, deserve a special
mention who contributed their best for field data acquisition,
often under extremely difficult conditions, as well as for
handling involved computational work of large datasets along
several profiles, We are thankfyl to the Director, NGRI, for
kind permission to publish this article.

CURRENT SCIENCE, VQL. 62, NOS. 1 & 2, 25 JANUARY 1992



