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Lithospheric structure, deformation and tectonics of 
the Eastern Himalaya and Andaman arc regions.

Seismic signatures of detached lithospheric fragments 
beneath eastern Himalaya and southern Tibet

The mantle transition zone (MTZ) structure beneath eastern 
Himalaya and southern Tibet was investigated using ~9000 
high quality receiver functions from 96 broadband stations 
spanning the entire region. The pervasive early arrival times 
(~1.7s compared to IASP91) of the P-to-s conversions 
from the 410 km discontinuity are attributed to the high 
shear wave velocities associated with the subducted Indian 
(and Asian) lithosphere(s). Global and regional shear wave 
velocity models obtained from seismic tomography evince 
such high velocity anomalies both in the uppermost mantle 
and within the MTZ, in this complex collision environment. 
In contrast, the conversions from the 660 km discontinuity 
are either normal or delayed (up to 1s) providing evidences 
for a thickened MTZ beneath most of the study region. 
Although presence of water in the MTZ can result in such 
a thickening, issues like 1) low amplitudes of the P410s and 
P660s conversions, 2) small dependence of their amplitudes 
with frequency, 3) absence of a detectable low velocity layer 
atop 410 and 4) lack of evidence for a 520 km discontinuity, 
preclude such an interpretation. Instead, we attribute this 
thickening to lowered temperatures affected by the possible 
presence of detached cold and dense lithospheric slabs within 
the MTZ. Such a detachment might have been facilitated 
either by convection or gravity removal of the lithosphere 
thickened due to continued subduction of the Indian plate 
since Mesozoic (Fig. 5.1).

Fig. 5.1 (a) Station disposition in the Himalaya-Tibet collision 
zone (symbols represent stations are shown in inset for 
different experiments) with the distribution of piercing points 
(shown by cross) at depths of 410km and 660km. The grid 
numbers are shown only for the ones used in this study. MBT: 
Main Boundary Thrust, MCT: Main Central Thrust, ITSZ: 
Indus-Tsangpo Suture Zone, BNSZ: Bangong-Nujian Suture 
Zone), KTF: Kang Ting Fault. (b) The observed differential 
(P660s-P410s) delay times showing a thickened MTZ.

Fig. 5.1 (a)

Fig. 5.1 (b)

Receiver Function Summation without Deconvolution.

The separation of the structural effects below a seismic 
station from other effects like structures far away and source-
time functions is the fundamental problem of the receiver 
function technique. Two solutions of this problem have 
been suggested, one is to model the complete wavefield with 
synthetic seismograms and the other is the deconvolution 
of the SV component by the P component which removes 
effects of the source and near source structure. The latter 
does not require knowledge of the structure at the source 
or the source time function. Its disadvantage is that the 
complete P component, including the P response of the 
receiver structure, is assumed to be the source signal. 
For improving the signal-to-noise ratio many traces are 
summed after deconvolution which is almost exclusively 
used nowadays. We suggest a simple technique to estimate 
the three component response at the receiver site without 
deconvolution or similar methods. Our technique preserves 
the P component unlike receiver functions. It consists of the 
summation of many records from different source regions 
at one station only after amplitude normalization but no 
source equalization. P scattered waves are preserved on the 
P component (in contrast to the deconvolution technique). 
Another advantage of the new technique is that it avoids 
systematic amplitude distortions of some phases (like PpPs 
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crustal multiples) on the SV component which are caused by 
deconvolution (Fig. 5.2).

Fig. 5.2 a) Plain summation of P components recorded 
at station HYB in south Indian shield. (b) Same as (a) for 
deconvolved traces c) and d)  are theoretical seismograms 
(f) Model.

Lithospheric thicknesses of Pacific and Philippine Sea 
Plates

Plate tectonics was originally a theory about oceans and is 
successful in explaining the past and ongoing geodynamic 
activities on and inside the Earth. However, the most 
essential element of the theory that defines the oceanic plate 
is not yet well constrained using high resolution technique. 
Till date the nature and thickness of oceanic plate come 
from low resolution surface wave dispersion or tomographic 
studies. For the first time we estimated the oceanic plate 
thicknesses using the high resolution body waves utilizing 
converted wave techniques (P- and S- Receiver functions). 
We used seismological data from two bore-hole ocean bottom 
seismological observatories deployed under the Japanese 
Ocean Hemisphere Network Project in Philippine Sea plate 
(WP1) and in Pacific plate (WP2). These two stations WP1 
and WP2 are located in a bore-hole depths of 560m and 474m 
with water column thicknesses of ~5.71km and ~5.566km 
respectively. Both the independent techniques show two 
prominent converted phases, one positive i.e. Moho and 
other negative i.e. Lithosphere-Asthenosphere Boundary 
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(LAB). The oceanic Moho is ~7-8km thick whereas the 
plate thicknesses for the Parece-Vela basin (age of ~25Ma) is 
~55km and Western Philippine Sea plate (~49 Ma) is ~76km 
thick. Whereas the station WP2, deployed in north-west 
Pacific plate having the geological  age of 129Ma reveals 
lithospheric thickness of ~82km. Synthetics show that there 
is an abrupt drop in shear velocity across the LAB with  
~7-8%. The thickness of the oceanic plates corroborates with 
the thermally controlled origin of oceanic lithosphere. The 
observed large and sharp shear wave velocity reduction at 
the LAB requires a partially molten asthenosphere consisting 
of horizontal melt-rich layers embedded in meltless mantle, 
which accounts for the large viscosity contrast at the 
LAB that facilitates horizontal plate motions. Our model 
efficiently explains the other geophysical observations also 
such as radial anisotropy, high electrical conductivity and 
high attenuation (Fig. 5.3).

Fig. 5.3 A schematic illustration of the nature of the Lithospheric 
Asthenospheric Boundary (LAB) and the asthenosphere. A 
schematic model for a S-wave seismic velocity structure with 
radial anisotropy is superposed.

Analysis of Coseismic Water-Level Changes in the Wells 
in the Koyna-Warna Region, Western India.

The hypothesis that coseismic water level changes in wells 
are proportional to coseismic volumetric strain is tested 
by analyzing available data from Koyna-Warna region of 
western India. A total of 18 cases of water level changes have 
been reported at 10 wells corresponding to six earthquakes of 
M≥4.3 that occurred in the region during 1997 to 2005. Out 
of these, clear unambiguous step like coseismic water level 
changes have been observed in 10 cases at 5 confined wells. 
We used basic poroelastic theory to simulate volumetric strain 
and corresponding water level changes and find that all cases 
show consistency in sign between reported coseismic water 
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level changes and simulated volumetric strain. All confined 
wells with high strain sensitivity that are located near to 
earthquake epicenters, show good agreement in magnitude 
between simulated and reported volumetric strain, thereby 
supporting the above hypothesis (Fig. 5.4).

Fig. 5.4 (a) to (f) show simulated coseismic volumetric strain 
due to the earthquake and the wells that responded to that 
earthquake. Contour interval is 0.01 microstrain. To avoid 
congestion, only contours between 0.5 and -0.5 microstrain 
have been shown.

Application of the RTL Algorithm to Seismicity Patterns 
in the Koyna Region.

Seismicity patterns associated with the M ~5 earthquakes 
in the artificial water reservoir triggered zone of Koyna 
region situated near the west coast of India are analyzed by 
means of the Region Time Length (RTL) algorithm. The 
RTL algorithm, which is widely used for investigating the 
precursory seismicity changes before large earthquakes, 
is being applied for the first time to a small region where 
triggered earthquakes have been occurring in an area of 30 
km x 20 km, and there is no other seismic source within 50 
km of the Koyna region. As this method is being implemented 
for the first time for such a small region, the validity of 
the characteristic coefficients r0, t0 and d0 was tested 
and found acceptable. We examined both the spatial and 
temporal characteristics of seismicity changes in the Koyna 
region. The RTL algorithm was applied to the earthquake 
catalogue of the Koyna region for the period 2006 through 
2009, after removing the aftershocks of M=3.0 earthquakes. 
The catalogue is complete for M=1.8 events. We find the 
epicentral area showing anomalous seismic activation and 
quiescence before the main earthquakes. The temporal 

variation of the RTL values of all the four earthquakes of M 
4.8 to 5.1, that occurred during 2006 through 2009, showed 
a seismic quiescence anomaly prior to these earthquakes 
(Fig. 5.5). The seismicity changes inferred in this study may 
provide better understanding of the future M ~5 earthquakes 
and increase the probability of earthquake forecasting in the 
region.

Fig. 5.5 (a) Spatial variation of RTL and the quiescence period 
(red blocks) observed prior to the M~5 earthquakes in the 
Koyna region during the observation period from February 
2006 to 2009. (b) Temporal variation of RTL, negative values 
in RTL (seismic quiescence) were present during (1) July to 
September 2007; (2) May to July 2008 and (3) July to October 
2009 as indicated in Figure 4a. Below: The earthquake time 
series also shows the quiescence (green line) during 2009, 
prior to the M5 earthquakes that occurred in the months of 
November and December respectively.

Ambient seismic noise correlation of Indo - Tibetan 
seismic network data.

In the recent times ambient noise correlation has emerged 
as a potential tool for mapping the sub-surface structure 
of the earth from local to global scales, encompassing a 
wide range of applications including lithospheric studies, 
exploration and hazard monitoring. The cross-correlation and 
differentiation of long sequences of ambient seismic noise 
provide surface wave Green’s functions that are dispersive 
and can be modelled like the conventional surface waves 
in terms of 1-D layered velocity models or 3D tomograms.  
In the present study we combine ambient noise data sets 
recorded by about 70 broadband seismic stations from the 
INDEPTH-IV network in Tibetan plateau, the Sikkim and 
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Indo-Gangetic networks in eastern and central Himalaya and 
the Godavari network in the Indian shield region. Ambient 
noise time series of 5 months duration between station pairs 
are cross-correlated to obtain Green’s functions for over 
2000 inter-station paths. Variation in the symmetry of the 
Green’s functions in different networks and across them 
indicates the inhomogenous distribution of noise sources in 
the Indian sub-continent. Group velocity measurements at 
periods of 5, 10, 20, 40, 70 and 100 seconds are used for 
tomographic inversion of travel times to get the velocity 
variations corresponding to the upper, middle and lower 
crust, and also the uppermost mantle structure. The study 
provides estimates of crustal thickness from the southern 
Indian peninsula to Tibet across the Indo-Gangetic plains 
and the Himalaya, while delineating the low velocity alluvial 
and sedimentary fills in the Indo-Gangetic plains to transition 
across the Longmeshan Fault zone in the Sichuan basin to 
the east. It is expected that the continuation of the Indian 
lithospheric plate beneath the Himalaya and Tibetan plateau 
region will be mapped (Fig. 5.6).

Fig. 5.6 a) Surface wave Green’s function obtained for a 
station pair in the Indo-Gangetic plains b) Offset of the 
arrival times of the Rayleigh wave package with distance for 
stations in the Indian region. c) Group velocity dispersion and  
d) Phase velocity dispersion curves.
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Directionality of Seismic Noise sources in the Indian 
Subcontinent using Grid search and Beam-forming 
methods 

The Indian sub-continent is bordered in the south by the vast 
Indian Ocean, which is believed to be the prime source of 
noise generation that manifests in the seismic data. However, 

Fig. 5.7 Predominant source direction of seismic noise in 
the Indian Ocean region obtained from a) Grid search and  
b) Beam-forming methods.

there is no estimate, qualitative or quantitative, regarding the 
azimuthal distribution of these sources. Using the Indian 
station network data we try to assess the directionality of 
these noise sources using two approaches – Grid search and 
Beam forming. A grid search over all azimuthal ranges was 
performed to deduce the direction of maximum ambient 
noise sources contributing to the cross-correlations obtained 
across the seismic stations in the Indian peninsula. The 
method assumes a plane wave noise arriving at an angle with 
respect to the geometry of the station pair. The obtained cross-
correlograms are flipped in time depending on the station pair 
geometry with respect to the incoming wave before stacking. 
A SSW direction is obtained in this case with the available 
data. A similar result is also obtained using beam-forming 
approach. However, analyzing seismic data across a wider 
station network in the region in future would be required to 
conclusively infer the major source directions (Fig. 5.7).

a

b

a)

c)

b)

d)
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Fractal and b-Value Mapping in Eastern Himalaya and 
Southern Tibet

Fractal (correlation) dimension and b-value are determined 
from ∼1300 well-located earthquakes recorded at 32 seismic 
stations in eastern Himalaya and southern Tibet during 
1993–2003. The spatial correlation of 0.9 is indicative of 
more clustered events in the region, while a b-value of 1.02 
implies a highly active seismic region. A detailed study of the 
frequency–magnitude distribution and fractal dimension as a 
function of depth is also made. The results suggest structural 
variability at different depth levels in the Tibet–Himalaya 
collision zone that reflects highly heterogeneous and high-
grade metamorphism in the region.

(M. Ravi Kumar, N. Purnachandra Rao, Kalpna, Prakash 
Kumar, K. Babu Rao, M. Murali Kumari, Arun Singh,  
D. Shashidhar, M. Uma Anuradha, K. Mallika, Narender 
Kumar, G. Srijayanthi, G. Sri Hari Prasad, Dipankar 
Saikia, Pinki Hazarika, K. Sushini, Reddi Srinivasa Rao,  
T. Sirisha, B. Mahesh, B.D.R.P. Sarma).

Study of Indian Plate geodynamics through Intense 
seismic and GPS campaign mode monitoring

Indian Shield Seismicity

Seismic monitoring at Srisailam, Nagarjunasagar and 
Sriramsagar reservoirs, since their inception in early 1980s, 
revealed no triggered seismicity in the vicinity of these three 
reservoirs during January-December 2009. In this period 
no evidence of reservoir triggered seismicity was observed 
near the three dams. However, fourteen earthquakes in 
Andhra Pradesh were located using this network data in the 
magnitude range between 1.7 and 3.2. From the network 
of 10 Broadband seismic stations in the Indian shield, 
seismicity map for the Indian shield was prepared.  Presently, 
Indian shield is exhibiting low to moderate level seismicity 
with significant earthquakes confined to Godavari Graben, 
Narmada-Son region, Koyna and Aravallis.  

(R.K. Chadha, C. Satyamurthy, N. Kumar, C.S.P. Sarma, 
M. Shekar, A.P. Shanker, D. Srinagesh, R. Vijayaraghavan, 
and ANS Sarma)

3-D Velocity of crust and upper mantle

Using the data from the Andhra Pradesh and Indian Shield 
seismic networks, 3-D P-wave velocity structure of the 
crust and upper mantle beneath the southeastern India was 
determined by inverting 3049 high quality P-wave arrival 

times from 378 teleseismic events recorded by 22 broad-
band seismic stations. Our results show that crustal high 
velocity (high-V) anomalies are present beneath the Eastern 
Dharwar craton, Cuddapah basin and southeastern part of 
Godavari graben. Low velocity (low-V) anomalies are found 
under Godavari graben which extends toward the western 
part of EDC and Eastern Ghat mobile belt (EGMB). At depth 
of 35-200 km, the northern part of EDC revealed high-V 
(3%-4%) anomalies which extend towards south-east and 
the high velocity anomaly in western part of Cuddapah basin 
extends towards further west in EDC. High-V is revealed 
under Bastar craton which extends down towards Godavari 
graben, EGMB and Bay of Bengal along the 82ºE longitude. 
This high-V anomaly could be associated with mafic material 
which could have been emplaced due to rifting of Indian 
plate from Antarctica plate followed by magmatism in the 
nearby region by Marion hot spot.

(D. Srinagesh R.K. Chadha, M. Shekar, Karimullah Basha, 
Srinivas, A.N.S. Sarma, C. Satyamurthy)

Earthquake occurrence processes in the Aandaman 
Nicobar region.

One of the most enigmatic features of the 2004 Sumatra-
Andaman earthquake was the slow rupture speed and low 
slip on the northern part of the rupture under the Andaman 
region. We propose that the aseismic 90°E Ridge (NER) 
on the Indian plate obliquely subducts under the Andaman 
frontal arc region. Though other possibilities also exist, we 
hypothesised that this ridge probably acted as a structural 
barrier influencing rupture characteristics of the earthquake. 
Here we present several features of the Andaman region that 
favour NER subduction under the region, which include (i) 
comparatively shallow bathymetry and trench depth, (ii) 
low seismicity, (iii) significant variation in the azimuths 
of coseismic horizontal offsets due to the 2004 Sumatra-
Andaman earthquake, (iv) lack of postseismic afterslip on 
the coseismic rupture in the Andaman frontal arc region, 
(v) low P-wave with only small decrease in S wave speed 
from tomographic studies, (vi) gravity anomalies on the 
Indian plate indicating continuation of the ridge under the 
Andaman frontal arc, and (vii) lack of back arc volcanoes in 
the Andaman region (Fig. 5.8).
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Fig. 5.8

Fig. 5.9

Seismic potential of Irrawaddy region of Sunda Arc.

Tearing and detachment of subducted slabs in subduction 
zones have been an important focus of geoscience research 
as they have serious seismic hazard implications. Based on 
evidence, including the pattern of seismicity, great earthquake 
ruptures, tomographic studies, back-arc volcanism, and 
trenchmorphology, we suggest that the lack of sufficient 
width of subducting Indian plate slab under the Irrawaddy 
region (between latitudes 15° N and 18° N) of the Sunda arc 
due to the presence of a tear in the subducting Indo-Australian 
slab makes the region aseismic. The lack of slab there also 
limits the potential for major and great earthquakes to be 
generated. Accordingly, the seismic and tsunami potential of 
this region may not be as high as it is in the Andaman and 
Arakan regions (Fig. 5.9).

(V.K. Gahalaut, J.K. Catherine, L. Premkishore, Amit 
Bansal, A. Ambikapathy, Bhaskar Kundu, P. Mahesh, 
Sapna Ghavari, M. Narsaiah, Nagaraj).

Regional variation of aftershock and swarm 
activities in peninsular India. 

Available data of earthquakes with aftershock activity on the 
one hand and micro-earthquake data of swarms from different 
parts of Peninsular India on the other hand from 1952 
onwards has been considered to know about characterization 
of seismic hazard of the regions (Data of swarms etc extracted 
from Fig 5.10). According to Mogi’s (1967) models I, II 
and III, the great variation in regional aftershock activity, 
foreshock-mainshock and aftershock, and swarm activities 
respectively, indicate its nature of the fracturing, mechanical 
property of the crustal medium and thereby the distribution of 

Fig. 5.10 Explanatory Brochure Map of Morphostructural 
zoning of the Himalayan belt, Himalaya fore-deep and he 
Indian shield.
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stress  prevailing in the fault zones. Considerable degrees of 
association of major earthquake occurrences in the rift zones 
like Narmada-Son and Kutch will generate in and around 
the precursory swarms. These swarms will occur in 1-4 km 
thick upper crustal layer with maximum magnitude < M 4.0.  
The plots of difference of magnitude of mainshock (M0) and 
the largest aftershock magnitude (M1) of aftershocks (Mogi 
model I), foreshock-mainshock and aftershock (Mogi Model 
II, and swarm (Mogi Model III) verses their depths are found 
to be located  within the first 13 km of the crust for the south 
Indian shield. The values of shallow earthquakes (M0-M1) 
indicate measure of aftershock activity in the region. The 
spatial distribution of the values of (M0-M1) have been 
indicating low-to high which can be classified the regional 
aftershock seismic activities 0.1 - 0.3, 0.31 - 0.5, 0.51 - 1.5 
and 1.51 - 2.0 as zone II, zone III, zone IV and Zone V 
respectively (Fig. 5.11). From Fig. 2 it has been observed   
that the Eastern part of the Peninsular India has been found 
to be homogeneous whereas western part is heterogeneous in 
crust further, the spatial distributions ‘p’ , ‘b’ and aftershock 
duration have also been studied.

(B. Ramalingeswara Rao  S. Karimulla Basha)

Rigidity and kinematics of the Indian Plate and its 
margins by Space-Geodesy Techniques using GPS, 
GLONASS, GALILEO satellite systems and VLBI.

The upgraded NGRI’s Permanent GPS station (IGS 05 site) 
continues to be one of the important GPS data-contributing 
agencies to IGS and IERS for realizing ITRF Reference 
frames. The Time Series of HYDE in ITRF 2005 Reference 
Frame is as shown in Fig. 5.12. The Indian plate motion 
is continuously being revalidated in ITRF 2005 Reference 
Frame. The secondary GNSS Reference Station (as shown 
in the Fig. 5.13) near the Cyber Building within the NGRI 
Campus has been re-occupied and the coordinates were 
estimated. Table 1 depicts the estimated coordinates. This 
reference station is tied up with the main IGS Station in the 
Extension building and could be the source for calibration of 
GPS receivers to provide Reference Geodetic Coordinates 
for many GPS users like DRDO, SOI, CMC, and GSI etc, 
who approach NGRI to get their receivers calibrated. The 
second permanent GNSS station of NGRI at Mahendragiri, 
Nagercoil, Tamil Nadu is continuously operational.

Fig. 5.11 The distribution aftershock, Foreshock -  Mainshock 
- Aftershock and swarm activities in penisular India are shown 
with different symbols. Fig. 5.12 Time Series of HYDE in ITRF-2005 Reference 

Frame [Ref. epoch: 2010.1082]  [Geodetic datum: WGS84] 
till March 30, 2010. Ref: SOPAC Refined Model of HYDE.
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Table 1. The estimated coordinates of the secondary GNSS 
Station within NGRI campus and along with the properties 
of satellites

Coordinates
Latitude = 17º 24’51. 55174” N 

Longitude = 78º 32’ 52.4128” E

Ellipsoidal Height = 433.6019m

Fig. 5.13 Secondary GNSS Reference Station within the 
campus near Cyber Building

(E.C. Malaimani, N. Ravi Kumar, A. Akilan and K. Abilash)

Augmentation of permanent GPS and Seismic Stations 
at Antarctica and Episodic GPS Campaigns in the is-
lands in the Indian Ocean (Sponsored by NCAOR / DOD 
/ MoES)

After successfully completing three episodic GPS Campaigns 
at Kavaratti, Chetlat and Minicoy of Lakshadweep islands, 
the site coordinates of these islands and the baseline lengths 
between Hyderabad and these three sites and also the velocity 
vectors of the individual sites were estimated in the Global 
Network Solution in ITRF 2005 reference Frame. The 
estimated velocity vectors give an insight into the inferred 
continental flexure in the south-west of India. Table 1 shows 
the estimated baseline lengths between Hyderabad and these 
three sites  and also the rate of changes in the baseline lengths. 
Fig. 5.14 depicts the baseline lengths between Hyderabad 
and these islands and Fig. 5.15 shows the estimated velocity 
vectors.

Table 1. Estimated Baseline  Lengths between  HYDERABAD 
IGS STATION and the EGPS STATIONS and the rate of 
changes in baseline lengths with corresponding RMS error.

EARTHQUAKE HAZARDS

Stations
Baseline length 

(m)

Baseline length 
Changes from 

Hyderabad (m/yr)

Repeat-
ibility
(M)

KAVARATTI 991,303.7648 0.0056 ±0.0148
CHETLAT 892,216.7463 0.0042 ±0.0169
MINICOY 1,171,292.5188 -0.0019 ±0.0028

Fig. 5.14 The baseline lengths between Hyderabad and the 
islands at Kavaratti, Chetlat and Minicoy

Fig. 5.15  The GPS Derived Velocity Vectors of individual 
sites with 95% Error Ellipses

(E.C. Malaimani, N. Ravi Kumar, A. Akilan and K. Abilash)
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Study of seismogenic earthquake sources in SCR 
and Kopili Lineament, NE India for seismic hazard 
assessment Hyderabad Seismological Observatory

The seismological observatory at NGRI campus, Hyderabad 
(HYB) has been continuously in operation since 1967. 
Preliminary phase data is exchanged with USGS and other 
observatories in our country. Final phase data up to March 
2009 has been sent to International Seismological Center, UK 
for bulletin publication. The local and regional seismicity is 
analysed and seismicity maps are prepared.

Andhra Pradesh Seismic Network

The Andhra Pradesh seismic network with six VSAT seismic 
stations located at Rampur, Challavanipeta, Nagarjunasagar, 
Addanki, Srikalahasthi and Uravakonda and three stand 
alone seismic stations located at Polavaram, Srisailam and 
Sriramsagar installed in the year 2008 has been operated 
continuously. The seismic data from six VSAT seismic 
stations are collected in near real time at Central Recording 
Station (CRS) located at the seismological observatory at 
the NGRI campus at Hyderabad through a satellite link. One 
stand-alone seismic station with a three component broadband 
seismometer Guralp CMG 3T and a new generation recorder 
Reftek 130-01 has been installed at Racherla (Prakasam 
District) in November 2009. The seismic station at Killari 
(Maharashtra) has been upgraded with the installation of 
three component broadband seismometer Guralp CMG 3T 
and a new generation recorder Reftek 130-01 in January 
2010. It has been planned to provide satellite link by installing 
VSAT terminals at two stand-alone seismic stations at Killari 
and Polavaram in the year 2010. The events were recorded 
within the network during the reporting period are listed in 
the Table 2. The epicenter map is shown in the Fig. 5.16.

The occurrence of micro to moderate earthquakes in the 
peninsular region over the past few decades, the region 
should no longer be regarded as a seismic in nature and 
a detailed investigation in characterizing the seismicity 
is necessary. We present the salient results of our study 
on seismicity in Andhra Pradesh and adjoining regions 
by examining local earthquakes vis a vis the seismically 
active faults which have been recorded during 2009-2010. 
Recent seismicity recorded by APSNET brings out clearly 
concentration of micro tremor activity shows the Godavari 
graben is seismically active with the seismicity coinciding 

with the Godavari fault, the Kinnersani and Kadam faults. 
The majority of the earthquakes have magnitudes upto M3.0. 
The concentration of epicenters in and around Hyderabad 
are blasts whose magnitudes around 1. The seismicity in 
Cuddapah basin is mostly concentrated along the Nallamalai 
Shear zone and south western part of the basin. In the location 
of the epicenters we have also used the data recorded by 
the peninsular shield network stations which are located in 
Kothagudem, Cuddapah and Biknoor.

Fig. 5.16 Seismicity map of Andhra Pradesh (April 2009-
March 2010)

Northeast India Seismic Network

The Northeast India Seismic Network with four VSAT 
seismic stations located at Tezpur, Lanka, Umrangso, 
Golseppa and two stand-alone seismic stations located at 
Singri, Amjuli installed in the year 2008 has been operated 
continuously. The seismic data from four VSAT seismic 
stations are collected in near real time at Central Recording 
Station (CRS) located at the seismological observatory at the 
NGRI campus, Hyderabad through a satellite link. Three new 
seismic stations equipped with a three component broadband 
seismometer Guralp CMG 3T and a new generation recorder 
Reftek 130-01 have been installed at Omroi, Nangpoh 
(Meghalaya) and Misa (Assam) in September, 2009. It has 
been planned to provide satellite link by installing VSAT 
terminals at four stand-alone seismic stations at Omroi, 
Nangpoh in Meghalaya and Misa, Amjuli in Assam during 
2010. (Fig. 5.17)

The salient results obtained from the seismicity studies along 
Kopili lineament using HYPODD locations clearly show 
the fault is dipping towards north east direction and most 
of the earthquakes are located at 20 to 40 km depths. The 
magnitudes of these earthquakes vary from 1.5 to 5.2.
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# YYYY MM DD HHMM SEC LAT LON ML Location
1 2009 04 03 1001 31.5 18.719 79.568 2.6 SE of Godavarakhani
2 2009 04 17 0304 24.4 15.401 80.132 2.7 SE of Ongole
3 2009 04 30 0420 27.4 17.322 78.383 1.8 Near Himayatsagar lake, Hyderabad
4 2009 05 14 1018 46.6 18.692 79.558 2.6 SE of Godavarakhani
5 2009 05 15 0739 12.2 17.516 80.393 2.4 SE of Yellandu
6 2009 05 15 0907 24.9 17.061 78.630 2.2 South of Ibrahimpatnam
7 2009 05 17 0744 10.4 17.579 80.391 2.4 East of Yellandu
8 2009 05 18 0058 29.9 17.780 78.469 2.0 North of Hyderabad
9 2009 07 17 1128 03.5 16.923 77.627 2.8 NW of Mahaboobnagar
10 2009 07 21 1454 45.9 15.532 79.087 1.9 Near Cumbum
11 2009 07 23 1149 06.2 14.524 78.457 1.9 NE of Pulivendula
12 2009 07 29 1153 05.9 14.748 78.403 2.2 South of Jammalamadugu
13 2009 07 30 1242 25.1 14.770 78.373 2.2 South of Jammalamadugu
14 2009 08 21 1936 02.1 17.621 80.559 2.9 NW of Kothagudem
15 2009 08 22 1102 42.8 18.693 79.586 2.3 SE of Godavarakhani
16 2009 08 25 1935 29.0 18.637 79.415 2.5 South of Ramagundam
17 2009 09 01 0959 34.4 16.703 79.626 1.6 SSE of Miryalaguda
18 2009 09 12 1458 54.5 15.837 79.669 2.6 West of Addanki
19 2009 10 05 1015 55.0 18.687 79.579 2.7 SE of Godavarakhani
20 2009 10 14 1607 59.8 13.511 79.605 2.0 NE of Puttur
21 2009 10 27 1007 32.0 18.709 79.635 2.2 NW of Manthani
22 2009 11 02 1155 35.9 17.367 78.648 1.8 East of Hyderabad
23 2009 11 06 1203 52.9 17.367 78.701 1.6 East of Hyderabad
24 2009 11 07 1050 52.0 15.954 79.905 2.0 NW of Addanki
25 2009 11 07 1213 44.8 16.057 80.009 2.3 NNE of Addanki
26 2009 11 12 0800 45.2 16.402 79.455 2.0 South of Macherla
27 2009 11 12 1015 02.6 18.695 79.545 2.1 SE of Godavarakhani
28 2009 11 12 2155 45.4 15.968 79.825 1.6 NW of Addanki
29 2009 11 20 1307 58.6 17.351 78.702 1.7 East of Hyderabad
30 2009 11 20 1456 06.3 17.588 78.673 1.7 NE of Hyderabad
31 2009 11 24 1648 57.4 15.997 79.887 2.0 NW of Addanki
32 2009 12 11 1403 10.1 14.400 80.322 3.2 Off Coast of Nellore
33 2009 12 21 1150 41.3 17.373 78.720 2.1 East of Hyderabad
34 2010 02 06 1202 17.0 17.355 78.706 1.8 East of Hyderabad
35 2010 02 06 1213 18.3 17.330 78.650 1.8 East of Hyderabad
36 2010 02 25 1512 28.8 17.519 78.601 2.0 NE of Hyderabad
37 2010 02 27 0520 59.6 13.924 78.799 2.8 Near Kalakada, S of Kadapa
38 2010 03 02 0758 16.2 15.063 77.932 1.9 NE of Anantapur
39 2010 03 06 0617 46.0 16.605 80.465 1.9 NW of Vijayawada
40 2010 03 07 1359 45.2 17.347 78.713 2.0 East of Hyderabad
41 2010 03 16 0701 51.8 17.943 80.804 1.8 SE of Manuguru
42 2010 03 18 0654 04.6 17.985 80.787 2.1 East of Manuguru
43 2010 03 18 0700 53.7 17.963 80.787 2.1 SE of Manuguru

Table 2. List of events recorded in the AP Network (April 2009-March 2010)
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Attenuation of High-Frequency Seismic Waves in North-
East India 

We studied attenuation of S- and coda waves, their frequency 
and lapse time dependencies in northeast (NE) India in 
the frequency range of 1-24 Hz. We adopted theories of 
both single and multiple scattering to bandpass-filtered 
seismograms to fit coda envelopes to estimate Q for coda 
waves (QC) and Q for S-waves (QS) at five central frequencies 
of 1.5, 3, 6, 12 and 24 Hz. The selected data set consists 

Fig. 5.17 Epicentral distribution of seismic activity along the 
Kopili lineament and the magnitude frequency diagram

of 182 seismograms recorded at ten seismic stations within 
epicentral distance of 22-300 km in the local magnitude 
range of 2.5-5.2. We found that with the increase in lapse 
time window from 40 s to 60 s, Q0 (QC at 1 Hz) increases 
from 213 to 278, while the frequency dependent coefficient 
n decreases from 0.89 to 0.79. Both QC and QS increase with 
frequency. The average value of QS obtained by using coda 
normalization method for NE India has the power-law form 
of  in 1-24 Hz. We adopted energy flux 
model (EFM) and diffusion model for the multiple scattered 
wave energy in three-dimensions. The results show that the 
contribution of multiple scattering dominates for longer 
lapse time close to or larger than mean free time of about 
60 s. The estimates of QC are overestimated at longer lapse 
time by neglecting the effects of multiple scattering. Some 
discrepancies have been observed between the theoretical 
predictions and the observations, the difference could be 
due to the approximation of the uniform medium especially 
at large hypocentral distances. Increase in QC with lapse 
time can be explained as the result of the depth dependent 
attenuation properties and multiple scattering effects. 

Synthesis of PGA and Site Specific Response Spectra us-
ing semi-empirical Green’s Function Approach

We present synthesis of ground motion and corresponding 
design response spectra. A semi-empirical Green’s Function 
approach based on envelope summation technique of 
Midorikawa (1993) was used to model the ground motions. In 
this approach, the fault of the large earthquake is divided into 
a certain number of elements (sub-faults). Our model assumes 
each sub-fault as point source in uniform earth structure. 
The acceleration envelope waveforms, instead of time 
histories, from such elements are determined using empirical 
relations. The envelope from each element are lagged and 
summed at the receiver to get the resultant envelope of a 
large earthquake. The resultant envelope is multiplied with 
filtered white Gaussian noise to synthesize the acceleration 
at a given site. Then we obtained the deformation response 
spectra using the strong ground motion histories in seismic 
design of structures characterized by a damped single degree 
of freedom (SDOF) system for both rock and soil conditions 
at different distances from the source. 

The methodology was applied to study the seismic design 
of Hydroelectric Project in South India, and ground motion 
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studies in the source region of 1999 Chamoli earthquake 
in Garhwal Himalaya and northeast (NE) India to predict 
the peak ground acceleration (PGA). The results show a 
reasonably good agreement between theoretical and recorded 
waveforms and their spectra at high frequencies. Significant 
discrepancies between the spectra at low frequencies may 
be attributed to the effects of source or medium in the 
simulation process. The PGA values for Garhwal Himalaya 
are found to be ~ 3 m/s2 at 15 km and decays to ~ 1.5 m/s2 at 
80 km distance, while that for NE India amounts to ~ 1 m/
s2 at 100 km and decays to ~ 0.1 m/s2 at 400 km distance. 
These estimates are consistent with those obtained from 
Global Seismic Hazard Assessment Program (GSHAP) 

exercise. The response spectra for NE India show maximum 
values around 0.75 Hz and show asymptotic behavior at 
long periods. Both the level of amplification and duration of 
ground motion obtained are found to be more for soil than 
rock site.

(D. Srinagesh, HVS. Satyanarayana, NK. Gogoi, R. 
Vijayaraghavan, Simanchal Padhy, R. Thandan Babu 
Naik, Satish Saha, NK. Bora, ANS. Sarma, U. Gowrisankar, 
BC. Baruah, P. Solomon Raju, D. Srinivas, YVVBSN 
Murty, B. Rammoorthy, Sanjeeb Ghose, P. Ravikanth Rao, 
Bhanu Das, PC. Brahma, Khemraj Sharma, N. Subhadra, 
S. Komalamma, G. Suresh, S. Sunitha, Ch. Swethamber, 
T. Anand, NS. Pawankumar, Sunilkumar Roy, PS. 
Muthukumar, S. Shivakumar).




