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4.1 SEISMOGENESIS OF EARTHQUAKES IN THE
INDIAN PENINSULAR  SHIELD   AND
SUBDUCTION PROCESSES IN THE  BURMESE
ARC REGION

Seismicity studies in the Peninsular shield

The broadband stations in the Peninsular shield located at
Kothagudem, Cuddapah and Dharwar since 1999, have
improved the detection threshold of local earthquakes with
smaller magnitudes. Local earthquakes recorded at these
stations have been located using single station as well as multi
station methods. Some of the prominent seismically active
regions (Fig.4.1) inferred from this study are the south eastern
part of the Godavari graben and south of Nellore (Venkatagiri
and Gudur) in Andhra Pradesh. Regional earthquakes from
Koyna, Dhule and Amaravti from Maharashtra and Bhuj from
the northwestern part of India have been located. Also Khandwa
in Madhya Pradesh, Bangalore and Idduki from the south are
a few other prominently active regions.

The broadband stations data was used for determining the
attenuation values from local earthquake coda waves. Site
response at Dharwar, Cuddapah and Kothagudem stations has
been estimated. These studies will serve as one of the
qualitative inputs in future microzonation studies especially in
the moderate seismicity regions like Godavari graben, regions
along the east coast of India like Ongole, Nellore etc. Average

velocity structure for the South Indian shield region which is
path specific using surface wave dispersion is in progress.

(M Shekar, Ch Patanjali Kumar, B Ajay Kumar, CSP Sarma,
D Srinagesh and RK Chadha)

Seismological studies in the 26 th January 2001 Bhuj
Earthquake source region

The aftershock activity of 2001 Bhuj Earthquake Mw 7.7 is
being monitored during the last four years, with a 5-8 digital
seismograph stations network. This study resulted in delineating
the causative E-W trending south dipping (45o) North Wagad
fault extending up to a depth of 40 km. The tomographic images
of P- and S-wave velocities reveal a crustal high velocity at 10-
40 km depths (with the head extending 60 km in E-W and 20
km in N-S) beneath the aftershock zone. The high velocity region
has been interpreted as a mafic pluton. This body along with
the existing fluids at focal depths, as evidenced by a low velocity
fractured layer, has played an important role in genesis of 2001
Bhuj earthquake. The thickness of sediments (2-3 km) and
Moho (42-48 km) below the Kachchh basin have been
estimated using converted phases (Sp) and joint inversion
receiver transfer function of teleseismic P-waves and surface
group velocity dispersion curves (Fig.4.2). The thicknesses of
sediments (0-1.6 km) and Moho (33-36 km) have also been
estimated below the Saurashtra region. The site response maps

Fig. 4.1 Regional earthquakes located with three or more stations (January
2000 to March 2005,  Magnitudes ML/MD >3.0 to 8.0)

Fig. 4.2  An example of results from the Joint inversion of radial RTF and
group velocity dispersion curve for Rayleigh wave at Khingarpar.
(a) correlation between the receiver functions obtained from
observed data and joint inversion, (b) final model obtained
from joint inversion, (c) correlation between group velocity
dispersion curves obtained from observed data and joint
inversion, (d) initial shear wave velocity model obtained from
individual inversion of surface wave dispersion and RTF.
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for the Kachchh, Gujarat are prepared using the H/V spectral
ratio method. Both the strong and weak motion seismological
data was used in this study. With a view to understand the
source processes involved in generating the continued
aftershock activity for more than four years in the Kachchh
region, the source parameters of aftershocks have been studied
using the spectral analysis of SH waves. The estimated stress
drop values for Bhuj aftershocks show more scatter (Mo0.5 to

1∝∆σ) toward the larger seismic moment values (log Mo ≥1014

N-m, larger aftershocks), whereas, they show a more
systematic nature (Mo3∝∆σ) for smaller seismic moment (Log
Mo <1014 N-m, smaller aftershocks) values. The estimated
seismic moment (Mo), source radius ( r ) and stress drop (∆σ)
for aftershocks of magnitude 1.5 to 4.2 are ranging from
1.86x1018 to 3.53x1021 dyne-cm, 192 to 631 m and 0.12 to
118.8 bars, respectively. The near surface attenuation factor
(k) is found to be large of the order of 0.025-0.03 for the Kachchh
region suggesting a thick low velocity sediments beneath the
region. The spectral ratios between converted Sp-phase and
S-phase from 159 three-component accelerograms have been
used to study Qp-Qs relations for 12 accelerogram sites
suggesting a variation from Qs=0.64236Qp (at Anjar) to
Qs=1.01785Qp (at Adhoi). The average Qp-Qs relation for the
Kachchh basin suggests Qs of 60 to 130 and a Qp of 70 to 300
for the average aggregate attenuation in the basin.

(P Mandal, R Narasaiah, B Sairam, V Swarupa Rani, C
Satyamurthy, IP Raju, Narendra Kumar, AP Shanker and
RK Chadha)

Earthquake precursory studies in Koyna-Warna
region

The water level fluctuations due to the M 4.4 earthquake of
25th April 1997 and M 4.3 earthquake of 11th March 1998 in
Koyna- Warna region have been studied in detail.  The micro
earthquake activity close to the source region increases before
the occurrence of main shocks, which continues for a month
and starts decaying later. The hourly changes of the water levels
more than the two standard deviation have been considered
significant as water level fluctuations and could be correlated
with the observed micro earthquake activity. These water level
fluctuations have been observed at Taloshi for M 4.4 earthquake
of 25th April 1997 and at Ukalu for M 4.3 earthquake of 11th

March 1998 respectively.  Based on the water level fluctuations
and after shock activity we infer that the relaxation period of
volumetric strain changes is observed for over a month.  This
study has resulted in observing the pre, co and post seismic
water level fluctuations and opened up a new opportunity for
studying in detail the phenomena to understand the seismo-

genesis of earthquakes in Koyna-Warna region. Similar work
is being extended for other earthquakes in this region to
investigate for the water level changes as observed for two
earthquakes in order to establish the nature of precursory
changes.

(DV Ramana, Chandrani Singh, M Shekar and RK Chadha)

Earthquake monitoring studies around
Nagarjunasagar, Srisailam and Sriramsagar Dams

Three analog seismographs are located at Nagarjunasagar,
Srisailam and Sriramsagar Dams to monitor seismic activity in
the vicinity of the reservoirs. The data accrued from such
monitoring will be of much use to assess the level of seismicity
in the region and to know whether this activity is influenced by
the reservoir water levels. The present studies indicate that no
seismic activity has been observed in the vicinity of the three
reservoirs. During 2003-04 earthquakes of smaller magnitudes
were recorded stations and these were located at distances
ranging from 50 to 100 km from the reservoir sites. These
earthquakes were located also by supplementing the phase
data from Kothagudem, Cuddapah and Hyderabad.

(Narendra Kumar,  IP Raju, C Satyamurthy, AP Shanker
and RK Chadha)

GPS studies in seismically active regions

During the period three-campaign mode GPS surveys were
conducted in NE India (June-July 2004), Koyna-Warna region
(Nov-Dec. 2004), and Andaman-Nicobar region (Jan. 2005).
In NE India, fourteen sites were occupied, which were
established in 2003. The measurements are being made to
estimate the rate and mode of plate convergence and to
understand the earthquake occurrence processes along the
Indo-Burmese Arc region. In Koyna-Warna region a network
of fourteen campaign mode GPS sites were established to
understand the earthquake occurrence processes in the
reservoir triggered earthquake region. After the giant Sumatra
earthquake of 26 December 2004, eight sites were established
to monitor the rate and mode of post-seismic deformation after
the earthquake.

The earthquake data from Koyna-Warna region was also
analysed and this study suggests that the sustained high
seismicity in this region may be influenced by the geometry of
the fault zones and their interactions through stress transfer.
The satellite images were used before and after the 2001 Bhuj
earthquake to estimate the location, size and geometry of the
rupture. The concept of correlation between the aftershocks
and coulomb stresses were used to constrain the ruptures of
recent Indian earthquakes that occurred after 1993.
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(Vineet Gahalaut, Catherine Joshi, Vipul Sahu and Shika
Rajput)

Influence of fluids on deep crustal Jabalpur
Earthquake of 21st, May 1997 - geophysical
evidences

Fluids are suggested in the Jabalpur Earthquake source zone,
which may be due to dehydration of serpentinite in the lower
crust. Historically, Son-Narmada-Tapti (SONATA)
megalineament had experienced about 25 moderate to
disastrous earthquakes during 1800AD to 2005 AD, two of them
are disastrous namely Son-Valley, 1927, M6.5 and Jabalpur
earthquake of 1997 (mb 6.0, h=35km). By using the geophysical
parameters such as Zero-Free air-based (ZFb) gravity
anomalies (~ -10 to -30 mGals), heat flow values (45-47 mWm--

2), magneto-telluric analysis (1-Ohm m), strain rate (1.5x10-8)
and failure stress conditions, were the plausible causative
factors for the occurrence of lower crustal earthquake in
Jabalpur region of SONATA. Pore-fluid factor λv =0.95, was
estimated for Jabalpur earthquake (mb 6.0, Mw 5.8), which
occurred at the depth of 35km. having reverse fault mechanism.
It indicates high angled (<620 , enclosed with maximum principal
stress direction) reverse fault with small component of left-lateral
strike slip in the lower crust. The analysis suggests the existence
of deep pre-fractured zone having low shear stress (τ = 15-
18MPa), and it could be inferred as a possibility for the existence
of fluid filled fractured mafic material in the felsic crust which is
in  a critical state of unstable failure.

(B Ramalingesawara Rao)

December 26 th 2004 Tsunamigenic Earthquake
studies : Tsunami run up studies

A detailed tsunami run-up survey was carried out along a 350
km long stretch of the shoreline of Tamil Nadu state from Pulicat
(13.3o latitude) in the north to Vedaranniyam (10.3o latitude) in
the south.  Shore-normal inundation profiles were studied at
11 locations to estimate the run-up heights of the tsunami.  End
points of the profiles were approximately located by 12-channel
GPS using the WGS84 datum.  Survey localities were selected
on the basis of the reports of maximum damage and loss of
lives.  The profiles within the survey localities were selected on
the basis of representative high-water marks and line-of-sight
traverses to beach swash zones.  High water marks were
measured from the highest elevations of several different
indicators like, i) mud lines on standing structures, i.e.,
maximum still water elevation, ii) physical damage to standing
structures, i.e., maximum surge elevation and iii) flotsam debris
on tree branches, roofs and ground slopes, i.e., maximum

splash elevations and/or maximum inundation distances.  (Fig.
4.3) shows the tsunami run-up heights estimated for 11 localities
along the Tamil Nadu coast of India from Pulicat in the north to
Vedaranniyam in the south.  The following conclusions were
drawn from these studies, i) The tsunami run-up heights along
the east coast of India in Tamil Nadu vary between 2.5 to 5.2
meters after applying tidal corrections from tide tables published
by Survey of India.  Maximum surge elevations were also
measured and were found to vary between 3.8 to 6.0 meters
(Mean tidal level).  ii) Most of the loss of life and damage to
property was within 100 meters from the shore where several
settlements were washed away, iii) Small differences in local
run-up and coastal topography resulted in large differences in
tsunami inundation and associated loss of life and damage
within the Tamil Nadu coastal areas, iv) Combination of local
high run-up, low topography and dense development apparently
accounted for the large loss of lives and property.  The surge
water elevations, together with surge water depths appear to
be important parameters in tsunami hazard analysis, v) Low
valleys behind shore-parallel dune ridges claimed several lives
due to lateral flows from tidal inlets or from breaches in the
dune ridge.

Fig.4.3 Run up measurements of tsunami wave heights along the east
coast of India.

(R K Chadha)

Tsunami intensity map of india based on field
observations and media reports for Sumatra
Earthquake (M9).

Information of Tsunami heights relating to the mega thrust
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earthquake in Aceh, Indonesia, the 26th of December 2004
has been compiled for the Indian coast. This compilation is
based on field observations and through media information.
The Mw 9.3 earthquake led to an aftershock sequence of about
1550 in Sumatra and across the Andaman region covering a
secondary rupture of 1200km long. In the present investigations,
the maximum height of the surge 7m at Nagapatinam and
minimum at Vizianagaram (Bogapuram) (2m) in the east coast
of India. Based on the reports of the heights of tsunami surge
and damages, an intensity map was prepared. In addition, four
historical records of Tsunamigenic earthquakes near Indonesia,
Pakistan and one at Bay of Bengal in the last century. Several
changes due to the recent tsunami like bathymetry,
temperature, seiches, shoreline geomorphology is also
presented. Buckingham Canal in A.P., Rocky wave breaker in
T.N, Casuarina, mangrove and coconut plantation along coasts
saved thousands of fishermen. The recession of the sea before
tsunami was observed at many places along the coasts.

(B Ramalingeswara Rao, R Vijayaraghavan, D Srinivasa
Sarma, and M Satyanarayanan)

GPS studies constrain the co-seismic displacement
of the tsunamigenic Earthquake

 Permanent GPS sites, identified with four letter words, around
the December 26, 2004 Sumatra earthquake, shown with a
star. Black arrows at the sites, tipped with  95% confidence
ellipse, indicate the coseismic displacement derived from the
GPS data. White arrows denote the computed coseismic
horizontal displacement at that site. The scale for these arrows
is given at the right bottom of the Fig.4.4. Contours of computed

horizontal displacement (in m) due to slip on rupture are also
shown. Note that the contour interval is not uniform. The black
and white arrows in the Andaman-Nicobar region show the
observed and computed displacements at sites. The scale for
these arrows is shown at the bottom left of the figure. Red dots
denote the aftershocks of the mainshock.

(Vineet Gahalaut and Catherine Joshi)

4.2 CRUST-MANTLE STRUCTURE AND SEISMIC
HAZARD OF THE INDIAN REGION

Deformation of the subducted Indian Lithospheric
slab in the Burmese arc

Stress inversion of focal mechanism data in the Burmese arc
region indicates distinct stress fields above and below 90 km
along the subducted Indian lithospheric slab. In the upper part,
the σ1 and σ3 axes trend NNE and ESE respectively, in
conjunction with the ambient stress field of the Indian plate.
However, in the lower part of the slab there is no preferred
orientation of the σ1 or σ2 axes, but a very well defined ó3 axis
is observed, that trends steeply in the down-dip direction. It is
inferred that while the upper part is governed by the NNE
oriented horizontal plate tectonic forces, the lower part is
governed entirely by tensile forces due to gravitational loading
on the subducted slab. Further, it is proposed that for the first
time a subducting lithosphere has got obstructed at the 410
km discontinuity, where as most subducting slabs face
resistance to penetration only at the 660 km discontinuity. It is
demonstrated that due to the clockwise rotation of the Burmese
arc from an EW orientation during collision to a NS orientation
at present, the sinking velocity of the Indian slab has overtaken
its subduction velocity. This has resulted in an unusual overturn
and resistance to penetration at the 410 km discontinuity,
accompanied by stoppage of subduction (Fig. 4.5), as
evidenced by results of seismic tomography.

What caused the great Sumatran Earthquakes of 26
December 2004 and 28 March 2005?

Great earthquakes of magnitude 8.5 to 9.5 are believed to occur
at subduction zones due to sudden release of enormous stress
locked-up over several decades, or even centuries. Such great
earthquakes are generally believed to have large return periods
of the order of a century or more. However, the recent
devastating Sumatra earthquake of magnitude 9.0 on 26
December 2004, followed by another large one of magnitude
8.7 on 28 March 2005, in the close vicinity and within a short
time span, has stunned seismologists world over. In the presentFig.4.4 Coseismic displacements constrained from GPS studies
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study, the possible causes of occurrence of these great
earthquakes were examined in light of the seismo-tectonic
scenario, plate velocity vectors, focal mechanisms and
seismicity distribution. The locations of these great earthquakes
very close to the quadruple plate junction comprising the India,
Australia, Burma and Sunda plates, suggest that the causative
mechanism may be related to complex multiple-plate interaction
rather than a normal subduction. The world’s largest
earthquakes (M8.5-9.5) (Fig.4.6) since the year 1900. 1960
Chile (M9.5), 1964 Alaska (M9.2), 1957 Alaska (M9.1), 1952
Kamchatka (M9.0), 2004 Sumatra (M9.0), 1906 Ecuador
(M8.8), 1965 Alaska (M8.7), 2005 Sumatra (M8.7),  1950
Assam (M8.6), 1923 Kamchatka (M8.5), 1938 Banda (M8.5),
1963 Kuril (M8.5)were examined.  It can be seen that, in
general, triple or quadruple plate boundary junctions, or
inflexion points on plate boundaries involving subduction, are
potential targets for great earthquakes. It is proposed that the
great earthquakes of 26 December 2004 and 28 March 2005
occurred on distinct locked-up mega-thrust zones
corresponding to the India-Burma and the Australia-Sunda
plate subductions respectively. These zones are separated by
a barrier at the plate junction, caused by an extension of the
diffuse Australia-India plate boundary into the Andaman-Sunda
arc, which prevents transfer of stress between the two. Further,
the large release of strain during the first great earthquake

Fig.4.6 Correlation between plate junctions and the world’s 12 largest
earthquakes (M 8.5-9.5) since 1900. Inset: A model of the
proposed stress barrier (red) between the two distinct rupture
zones of the 26 December 2004 (pink) and 28 March 2005
(green) Sumatran earthquakes, along with their focal
mechanisms. The circles indicate the aftershocks and the
arrows indicate the plate motion velocities.

seems to have added stress to the already saturated, adjoining
zone of stress lock-up, quickly triggering another large event.

Sikkim Himalaya experiment

Total 11 sites having stable hard rock exposure were selected
and six permanent broadband stations (REFTEK) have been
installed at Gangtok, Phodong, Naomk, Theng, Lachen and
Thangu. The selection of sites has been made in such a way
that it makes a profile tending south to north crossing MBT
and MCT and in contact with Tibetan Plateau so that the results
of INDEPTH profile over Tibetan Plateau can be integrated.
The aerial spacing between the stations is maintained at nearly
10kms. The deployment of these digital broadband three
component stations should last for about a year to enable to
register good number of teleseismic events. After the
completion of one year these will be shifted to other sites, which
are already selected. After acquisition of a data at least for one
year shall be able to find out the shear velocity structure of the
crust and its average Poisson’s ratio, and also map the
lithospheric and sublithospheric upper mantle discontinuities,
below each seismograph, by studying P to S conversions, LAB
signatures can be well defined using S to P conversions. Shear

Fig.4.5 The Burmese arc region displays distinct stress fields, as
inferred from strike-slip type focal mechanisms in the shallow
(0-90 km) and thrust type in the deeper (>90 km) parts of
the subducted Indian lithospheric slab. Snapshots of
progressive stages of subduction in the Burmese arc due to
clockwise rotation of the arc and increased obliquity of
subduction, culminating in an overturned slab and an end of
subduction.
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Wave Anisotropy studies will be done using an established
tool to study azimuthal anisotropy by observing shear wave
splitting in seismic phases, SKS and SKKS, which propagate
through the Earth’s core and arrive at the receiver in a near
vertical direction.

Acquisition has already started since last six months at
seismological stations Gangtok, Phodong, Namok,  Theng ,
Lachen and Thangu.

Crustal structure variations in Northeast India from
converted phases

Teleseismic receiver functions from a ten station network
deployed in northeast India region sampling the Shillong
plateau, Mikir Hills, Himalayan foredeep and the Himalayan
convergence zone, are analyzed to obtain the crustal structure
in this seismically active but less studied region (Fig.4.7). The
Shillong plateau and Mikir hills, away from the convergent
margins, reveal remarkably simple crust with thickness (~35
km) and Poisson’s ratio (~0.25), akin to the Indian shield values.
A surprisingly thin crust for the uplifted Shillong plateau may
be explained invoking presence of an uncompensated crust
that popped up in response to tectonic forces. In contrast,
crustal signatures from Assam valley suggest a thicker crust
and higher Poisson’s ratio with evidences for a dipping Moho.

Predictably, the crust is much thicker and complicated in the
eastern Himalaya further north, with values in excess of
50 km.

Moho geometry and upper mantle images of
Northeast India

Images of the crust and mantle beneath northeast India
obtained by 2D migration of 1000 broadband P-receiver
functions clearly trace a northward dipping Moho from the
Himalayan foredeep reaching depths up to 50 km further north
beneath the Himalayan convergence zone (Fig.4.8). Also, these
images reveal presence of largely coherent 410-km and 660-
km discontinuities that conform to the IASP91 model. Marginal
variations in the depth of the 410-km interface are observed,
that appear region specific. The thickness of the mantle
transition zone does not deviate significantly from a global
average of ~250 km. Interestingly, the results reveal consistent
presence of a signal from an interface around 300 km. Origin
of such a boundary, known as X-discontinuity and unrelated to
the Lehmann discontinuity, is discussed. Possible presence
of the X-discontinuity from the Indian region is reported here
for the first time.

Mantle discontinuities beneath the Deccan volcanic
province

Mantle discontinuities beneath the Deccan volcanic province
(DVP) are imaged using about 900 seismograms from a
network of six broadband stations deployed in the DVP along
a 350 km long north–south profile, paralleling the west coast
of India. Teleseismic receiver function analysis of the data

Fig.4.7 Sample radial receiver functions move out corrected for Pms
conversions for stations (3 letter codes) in northeast India, as
function of slowness and back azimuth, with summations
shown above.  Pms corresponds to conversion from the Moho.
Ppms and Psms are the P and S Moho multiples respectively.
The top summation trace in slowness sections corresponds to
Ppms move out corrected stacks.

Fig.4.8 2D migrated image of the receiver functions for the first 200
km depth along a S-N profile in northeast India.  The
northward dipping Moho at a  shallow angle in the eastern
Himalaya can be clearly traced.  The Moho multiples can be
seen in the depth range 150km –200 km.
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enabled distinct identification of the Moho, 410 and 660 km
discontinuities. Presence of sub-Moho low velocity zones with
velocity reductions in the range of 0.1–0.4 km/s have been
brought out through modeling of receiver function stacks at
individual stations. The arrival times of P410s and P660s are
normal, as predicted by the IASP91 model, and the mantle
transition zone thickness is 252 km, which is close to the global
average. This study reveals that the upper mantle beneath DVP,
south of the Narmada rift does not exhibit any anomalous
signatures associated with a mantle plume. A shield-like
lithosphere, coupled with the presence of an upper mantle low
velocity zone confined to shallow depths beneath DVP, imposes
constraints on the mechanisms feasible for Deccan volcanism.
The present study does not favour the plume impact/plume
incubation models, instead necessitates searching for clues
offshore west  coast of India and exploring alternate
mechanisms.

Seismological computing and data center

The seismological computing and data center, comprising a
network of SUN Workstations and other related hardware and
software facilities, has been regularly operated and maintained.
The center is being used extensively for seismological data
archiving and processing, and training programs, in addition to
the regular R&D activities of the group and other users.

(M Ravi Kumar, N Purnachandra Rao, Kalpna, Prakash
Kumar, K Babu Rao, M Murali Kumari, E Uma Devi,
Arundhati Pathak, Arun Singh and BDRP Sarma)

4.3 SEISMICITY OF THE NORTH EAST INDIA AND
SOUTH INDIA

South India

In South India NGRI is operating a number of seismic stations
viz., Hyderabad, Cuddapah, Kothagudem, Dharwad, Koyna,
Latur, Jaitapur, Kalpakkam, some are temporary and some are
permanent stations. The seismological Observatory at NGRI,
Hyderabad which is a permanent observatory, has been
continuously operated. Phase data has been exchanged with
USGS and other observatories in India. Final phase data for
International Seismological Center, UK has been sent up to
September 2003.

Waveform data of Geoscope Broadband seismograph, which
is operated in collaboration with Institut de Physique du Globe
de Paris, has been sent continuously to France.

Sumatera Earthquake

A devastating earthquake of magnitude 9.0 occurred off coast
of Sumatera Islands (Indonesia) at 00:58 hrs (UTC) on
December 26, 2004. The Hyderabad and Tezpur seismological
observatories were kept open for 24 hours for more than a
month for close monitoring the aftershocks.

The Hyderabad Observatory situated at NGRI campus is about
2420 km NW of the epicenter. The observatory can record
earthquakes of magnitude > 5.0 from the above region and
has recorded more than 300 aftershocks of magnitude >5.0
from the above region  till January 31, 2005 (Fig 4.9).

The moment magnitude (Mw8.6) is estimated using the
broadband seismic waveform data recorded at Kothagudem.
Singh and Pacheco method was used to compute long period
magnitude (MA), which is equivalent to Mw. The magnitudes
estimated by this method are found to differ by 0.2 units for
large and moderate earthquakes. The estimated magnitude
(8.6 Mw) found to be reasonable keeping in view of the reported
magnitudes varying from 8.2 to 9.0 by different international
organizations. The difference in reported magnitudes by the
different agencies is normally due to usage of different wave
groups like Rayleigh waves, mantle waves and method of
estimation.

Koyna telemetry system

Koyna-Warna region of Maharashtra is seismically active even

Detailed classification is given below

Magnitude Andaman Nicobar region Indonesia region

5.0 to 5.9 187 96

6.0 to 6.9 15 6

7.0 to 7.9 1 0

Total 203 102

Fig. 4.9 Bar chart of aftershocks recorded at Hyderabad after Sumatera
M9.0 earthqauke
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after thirty-six years of an earthquake that rocked the Koyna
area and hundreds of moderate earthquakes of magnitude 4
and above have occurred since then. A number of seismic
stations were operated in the region by NGRI for better
understanding of the earthquake activity in this region by
accurately locating the earthquakes. The entire region is uneven
terrain with varying heights. The epicenter region is not easily
accessible and lot of efforts was required to collect the data
from the stations. Hence, it was proposed to link at least some
of the viable stations by radio telemetry. The Central Recording
site was selected in Gokul village near Koyna dam. Vault
preparation and antenna erection was completed by October
2002 and the construction of Central Recording Station building
was completed in June 2004. Eleven stations were operated in
standalone mode from Oct 2002 to June 2004. The digital
telemetry system was set up in July 2004. The stations, which
are connected by the RF telemetry, include Karvat, Gadkope,
Maneri, Waghini and Dattadham. Seismic stations at
Marathwadi, Warna, Sakarpa, Chikli and Chiplun are continued
to operate as stand alone stations. The standalone broadband
seismic station at Naldurg has been operated continuously.
The stations details are given in the table 4.2 and the epicenter
map of the events located from October 2002 to March 2005 is
shown in Fig.4.10. Events from Jan 2003 to March 2005, are
shown in Fig.4.11.

The current seismic activity of M 5.2 on 14th March, and two
earthquakes of M > 4 on 15th and 26th March occurred during

Fig. 4.10 Epicenter map of earthquakes in Koyna-Warna region
occurred from October 2002 to March 2005

Fig. 4.11 Bar chart showing the earthquakes in Koyna-Warna region
recorded from January 2003 to march 2005

Table 4.2

Station Code Lat °N Long °E Elevation Sensor

1 Gokul GKL 17.397 73.727 762 BB

2 Gadkope GDK 17.392 73.758 765 SP

3 Karvat KVT 17.403 73.844 919 SP

4 Waghni WGN 17.345 73.746 547 SP

5 Dattadham DDM 17.374 73.709 688 SP

6 Maneri MNR 17.342 73.795 532 BB

7 Chiplun CPL 17.516 73.528 512 BB

8 Sakarpa SKP 16.996 73.713 100 SP

9 Chikli CKL 17.247 73.585 24 BB

10 Marthwadi MTW 17.221 73.937 672 BB

11 Warna WAR 17.123 73.884 518 BB

the unloading period. The epicentral location of earthquakes
of M >5 in the Koyna-Warna region is shown in (Fig. 4.12).

Another interesting thing to note is that most earthquakes
exceeding M 5, which occur in the unloading phase, are close
to the Warna reservoir. The current seismic activity in the Koyna
region is a continuation of the triggered earthquakes, and has
nothing to do with the Sumatra earthquake as reported in the
news media. The current seismic activity is also related with
the unloading of the reservoir.
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Monitoring seismicity by installing temporary
seismic stations

Broadband seismic stations equipped with state-of- the- art
technology were installed along the pipeline from Jamnagar –
Abu road at important locations, considering the previous
seismicity history and tectonic importance. The temporary
status observatories are run for a short duration to monitor the
local earthquakes in the region. Preferably the hard massive
rock/ massive sediments/ compact sediments away from
cultural noise are selected for installation.  A pier is constructed
at the selected site and the seismometer is installed on the
pier.

North-east India

Broadband seismic stations are operated at Tezpur, Seijosa,
Bhairabkonda, Balukpong, Rupa, Jogigopa, Nangalbibra in
North-east India. The broadband seismic stations at Khonsa
and Yaonghimsen are operated in collaboration with RRL,
Jorhat.

Micro-earthquake monitoring around Kalpakkam
through operation of a seismic telemetry Network

This project was sponsored by Indira Gandhi Centre for Atomic
Research, Kalpakkam to monitor the seismicity around the
PFBR plant site. Three stand alone seismic stations were
installed and were in continuous mode of operation at
Anupuram (12.55o N, 80.13o  E), Cheyyur (12.35o N, 79.99o E) 
and Illalur (12.73o N, 80.1 o E). There were no events recorded

Fig. 4.12 Epicenter map of Koyna-Warna earthquakes >=5.0 from 1967

Fig. 4.13  Seismogram of the Sumatera M9.0 earthquake recorded at
Anupuram (Kalpakkam)

within 50km radius of the plant side during the reporting period.
As a result of the RF Line of sight survey, it was proposed to
install a V-SAT based Telemetered seismic network around
Kalpakkam and an amount of Rs 193 Lakhs was sanctioned
by the sponsor for this project. Procurement of the V-SAT based
Telemetry system was completed and the system will be
commissioned shortly. However a stand-alone broadband
seismograph was installed at Anupuram, which recorded the
Sumatra earthquake and the aftershock sequences. The plots
of the Sumatra earthquake recorded at Anupuram and the
corresponding acceleration are shown in Fig. 4.13 and Fig.
4.14 respectively.

Jaitapur seismic network

The objective of the micro earthquake study is to monitor the
seismicity within 50km of Jaitapur area.The project is in
collaboration with NPC, Mumbai. During the reporting period
the seismic stations at Madban, Karepatan, Dassur and Mervi
did not record any events within 50km from Jaitapur. However
the seismographs recorded several events of Koyna-Warna
area and a number of teleseismic events.
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Based on the geological setting and aerial coverage
requirements, six sites were selected. Other than Maduban,
all other five sites (Mervi, Dasur, Rajapur, Kharepatan, and
Mutat) are located aerially ~ 25 km away from the central
station, Maduban. Care has been taken to avoid cultural noise,
which are of anthropogenic in origin. Among the six sites,
seismic instruments were installed at Maduban, Kharepatan,
Dasur and Mervi, where monitoring seismic events has already
begun. In other sites, viz., Rajapur and Mutat, construction of
suitable structures, like vaults would be taken up in near future,
subsequently seismic observatories will also be established.

Intermittent criticality on regional scale in Bhuj

The statistics of Bhuj earthquake populations are examined to
investigate the proximity of the system to the critical state,
defined through entropy-energy relationship. The results are
compared with a theoretical model corresponding to a
Boltzmann probability density distribution of degenerate
microscopic energy states. The data exhibits fluctuations in

characteristic energy at constant B value of the form S ~ B <ln
E>. Features, such as

(1) Time-dependent variations in seismicity during the period
of presumably uncorrelated stress field following a major
event, and

(2) 12 % fluctuations around the mean in the macroscopic
thermodynamic variable (entropy) support the
intermittency of the crust.

Rescaled range fractal analysis of seismogram

The recognition of seismic signals from the background noise
and identification of various phases in a seismogram are studied
from the variation in fractal dimension, D obtained from Hurst’s
R/S rescaled range analysis of seismograms. The approach is
based on the fact that noise has higher fractal dimension than
the signal. This method has been applied to some of the
earthquakes of Bhuj and Koyna region. It explains the origin of
the complexities of the observed waveform, interpreted in terms
of degree of heterogeneities of the lithosphere from the variance
fractal dimension.

(M Kousalya, HVS Satyanarayana, NK Gogoi, R
Vijayaraghavan, Simanchal Padhy, Satish Saha, R  Thandan
Babu Naik, Md Khamruddin, ANS Sarma, U Gowrisankar,
BC Baruah, P Solomon Raju, YVVBSN Murthy, B
Rammoorthy, Sanjeeb Ghose, P Ravikanth Rao, Bhanu
Das, PC Brahma, Khemraj Sharma, E Umadevi, D
Shashidhar, T Sagar Rao, D Gurunadh, NK Bora and BJ
Saikia)

4.4 GPS-GEODESY FOR THE STUDIES ON THE
THREE-DIMENSIONAL STRAIN FIELD
RESULTING FROM CRUSTAL DEFORMATION
PROCESSES AND PLATE TECTONICS ACROSS
THE PLATE BOUNDARY ZONES BETWEEN
INDIAN AND THE SURROUNDING PLATES

The time series of HYDE IGS Station till 2004 has been
estimated with the latest ITRF-2000 Reference Frame as shown
in (Fig.4.15). Along with this the Indian Plate movement also
has been revalidated with reference to ITRF-2000 Reference
Frame in the global network solution. NGRI’s second permanent
GPS Station at Mahendragiri, (MAHE) Tamil Nadu has also
been included in the global network. The revalidated velocity
vector map is shown in (Fig.4.16). Table 4.3 shows the east
and north velocities with the corresponding sigma values of all
the sites chosen for this analysis. Simultaneously, the Euler

Fig. 4.14  Acceleration recordings of the Sumatera M9.0 earthquake at
Anupuram (Kalpakkam)
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Fig. 4.15 Time series of HYDE (NGRI IGS permanent GPS station)
from 1995 to 2004 in ITRF- 2000 Reference Frame

Table 4.3

East and north velocities with corresponding sigma values

Station Evel Nvel E sigma N sigma
cm/yr cm/yr mm/yr mm/yr

HYDE 4.28 2.10 0.34 0.18

IISC 4.38 2.12 0.36 0.20

Mahe 1.90 0.14 0.36 0.21

MALD 6.32 1.6 0.39 0.25

SEY1 1.78 0.40 1.94 1.04

COCO 2.95 3.53 0.44 0.32

IRKT 2.87 -0.81 0.35 0.14

KIT3 3.03 3.14 0.27 0.14

LHAS 4.62 0.24 0.35 0.14

POL2 4.76 0.004 0.28 0.13

YAR1 2.79 5.08 0.55 0.24

HRAO 2.26 0.17 1.63 0.48

Pole and Euler Vector of Indian Plate with respect to Eurasian
Plate has also been estimated and compared with the other
studies as shown in (Fig.4.17). Table 4.4 shows the comparative
estimation of Euler Pole and Euler Vectors. NGRI IGS GPS
station has contributed significantly to estimate the changes in
the Earth Orientation Parameters (EOP) by IGS. IERS has
estimated the EOP specifically the possible effects on the earth
rotation due to Sumatra earthquake. The actual motion of the

Fig. 4.16 Velocity vector map of all the GPS sites chosen in the global
network solution. The velocity vectors were estimated in
ITFR-2000 Reference Frame. The estimated velocity vectors
were compared with that of ITRF-2000. Red line indicates
our estimation and the brown line that of ITRF-2000.

Fig. 4.17 Comparison of Euler pole and Euler vectors of Indian plate
with respect to Eurasian plate between NGRI study and other
studies. Blue indicates NGRI study and Red all the other
studies.
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pole was compared with a predicted pole. This high magnitude
earthquake has affected the Y-Component of the pole by 2.7
mas (milli-arc-second) as shown in the Fig.4.18.This was
estimated in ITRF-2000 Reference Frame with the data from
the IGS Stations HYDE, IISC, BAN2, MALI, COCO, DGAR,
and SEY1.Thus the high quality GPS data from the IGS
permanent station at NGRI, Hyderabad, (HYDE) has
significantly contributed to the estimation of change in the EOP
and “Rapid Orbit Contributions” due to the Sumatran
earthquake and its resultant tsunami. All these effectively mean
that “the mean North Pole” has shifted by about 2.5cm in the
direction of 145º East Longitude. Also the other EOP, Length
of Day (LOD) has decreased by 2.68µ sec. (microseconds).
Thus the NGRI IGS GPS station has played a pivotal role
globally in analyzing the significant effects on the EOP by the
Sumatran earthquake. Co-seismic deformation between HYDE
and NTUS has been estimated. Also revalidated the geodetic
coordinates of National Physical Laboratory, New Delhi.

Table  4.4

Comparative estimation of Euler pole and Euler vectors

Studies N E Angular Velocity ω°/ Myr-1

NGRI Study 29.44 ± 1.2°N 13.2 ± 7.3°E 0.356 ± 0.035

REVEL-2000 28.56 ± 14.4°N 11.62 ± 1.1°E 0.357 ± 0.033

Holtetal., 29.88°N 7.50°E 0.35

NUVEL-1A 24.5  ± 1.8°N 17.7 ± 8.8°E 0.51 ± 0.06

(E.C.Malaimani, N.Ravi Kumar, A.Akilan and T.Chaitanya)

Fig. 4.18 Plot showing the shift in the “meanY-Pole” on the day of the
Sumatra earthquake on December 26, 2004.This was part of
estimation of the Earth Orientation Parameters (EOP) by
IERS wherein HYDE GPS data was extensively used.
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