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5.1. MONITORING OF SEISMICITY IN AND AROUND
THE MAJOR RESERVOIRS OF ANDHRA
PRADESH

A network of three analog standalone seismic stations which
record vertical component  are in continuous operation at
Nagarjunasagar, Srisailam and Sriramsagar dam sites in
Andhra Pradesh to monitor the seismicity around these
reservoirs since 1981.  During the year 2007, no local seismicity
around these reservoirs was observed.  However, several
regional earthquakes with moderate magnitudes (≥≥≥≥≥2.5) have
been recorded.  These earthquakes are located close to
Karimnagar, Khammam and Ananthapur in Andhra Pradesh.
Also, significant earthquakes of magnitudes reaching MD 3.0
are located in Nanded, Latur and Koyna regions in Maharashtra
during this period.  These earthquakes are located using
additional data from other observatories like Cuddapah,
Kothagudem, Dharwar and Hyderabad.

(I P Raju, C.S.P.Sarma, C.S.Murthy, N.Kumar, A.P.Shankar
and R.K.Chadha)

5.2. WATER LEVEL MONITORING IN BORE WELLS
IN THE KOYNA-WARNA REGION

Large water level changes were analyzed in the data sets of 6
bore wells in the Koyna region in western India following the
Great Sumatra earthquake of Mw 9.3 on December 26, 2004.
This earthquake occurred at 00:58:50 (UTC) off the coast of

Sumatra located about 3000 km from the Koyna region.  The
arrival time of P wave recorded at the Koyna seismic station
was 01:04:24.45 (UTC).  Anomalous water level changes were
observed at 01:15 (UTC) at all these wells where the sampling
rate was 15 min(Fig 5.1a and 1b).  No abnormal changes were
noticed in the preceding sampling time at 01:00 (UTC) clearly
indicating that these changes occurred due to the passage of
seismic waves generated by the Sumatra earthquake.
However, due to large sampling interval it is difficult to correlate
the water level changes either to shear or surface waves.  No
local earthquake was recorded by the network during this
period.  The anomalous water level changes were of the order
of 2 to 65 cm and show either a spike or a step like change.
These types of changes are attributed to the dynamic strain
induced by the passage of seismic waves, most probably long
period surface waves.

(R K Chadha, Chandrani Singh, D.V.Ramana and M.Shekar)

5.3. COULOMB STRESS CHANGE DUE TO 2005
KASHMIR EARTHQUAKE

Calculations of static stress change due to the 2005 Kashmir
earthquake (M=7.6) suggest that the earthquake caused
significant increase in stress in the Indo-Kohistan Seismic Zone
(IKSZ) region, lying to the NW of the rupture and moderate
increase in the adjacent Himalayan region, lying to the SE of
rupture(Fig 5.2). Thus, these regions have been brought closer
to the failure. On the other hand, the Salt Range region lies in

Fig.5.1. (a) Transient water level rise in (a) Sidrukwadi (b)  Nechal, (c)
Mandoor wells due to the passage of  seismic waves.  The
time series shown are the residuals after detiding and removing
the atmospheric effects. The arrow indicates the time of  the
earthquake

Fig. 5.1 (b) Transient  water level drop in (a) Govare, (b) Taloshi and
(c) Ukalu wells due to passage of  seismic waves.  The time
series shown are the residuals after detiding and removing
the atmospheric effects. The arrow indicates the triggering
of  the earthquake.
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the stress shadow of the earthquake, implying that future
earthquakes in this region will be inhibited. It is found that this
earthquake may not be compared with typical Himalayan
earthquake and hence rupture features of this earthquake may
not be directly applicable to the earthquakes of the Himalayan
region.

5.4 COULOMB STRESS CHANGE DUE TO 2006
PHODONG EARTHQUAKE AND
AFTERSHOCKS

The 14 February 2006 Phodong (Sikkim) earthquake of
moderate magnitude (Mw 5.3) triggered several aftershocks
that were recorded by a local seismic network. The thrust
earthquake is a part of the continuing earthquake occurrences
in the Himalayan Seismic belt region that occur on the
detachment or ramp under the Higher Himalaya. The
aftershocks of the earthquake occurring in the increased stress
regions are caused by the earthquake rupture. Triggering of
aftershocks by such a moderate magnitude earthquake implies
that the faults in the Himalaya are critically stressed and even
a small change of stress, about 0.01-0.02 bar can trigger
earthquakes on such faults(Fig 5.3).

5.5.  BURMA PLATE MOTION

It is analysed (i) azimuths of coseismic displacements due to
the 2004 Sumatra-Andaman and 2005 Nias earthquakes (ii)
estimates of interseismic deformation in the Indo-Burmese Arc,
Andaman, Sumatra and Sagaing fault regions (all based on
GPS measurements) (iii) long term plate motion rates across
Sumatra fault system, Sagaing fault and Andaman Sea from

Fig. 5.2. Change in Coulomb stress due to the mainshock on the
optimally oriented thrust faults in the vicinity of  the rupture.
Cool colours (purple and blue) show decrease in stress and
hot colours (red and yellow) show increase in stress. Though
the mainshock appears to have increased the stress on the
either sides of  the rupture, it appears larger in the IKSZ region.

Fig.5.3. Upper panel shows the Coulomb stress change (in bar) on
optimally oriented planes at a depth of  12 km. Direction of
maximum principal stress, s

1
 is indicated by the arrow. Lower

panel shows a W-E vertical cross section along A-A’.

geomorphological and other geophysical studies and (iv) the
earthquake focal mechanisms in the region. We suggest that
the SSW motion of Sunda plate with respect to India plate may
be partitioned into the dextral strike slip motion across the
Sagaing fault in the north and Sumatra fault system in south in
the back arc region, and the arc normal motion across the
Sumatra subduction zone, which becomes oblique in Andaman
and southern Indo-Burmese arc region and dextral in the
northern Indo-Burmese arc region of the forearc. Under the
rigid plate approximation, we estimate a pole for India-Burma
plate pair at 27°N, 82°E with an angular velocity of 0.845°/Myr.
Thus, the plate motion in the northern and southern regions of
Burma plate, namely the Indo-Burmese arc and Andaman-
Sumatra arc, may be explained by a single pole and does not
require a boundary between the two(Fig 5.4).

5.6. EARTHQUAKE TRIGGERING DUE TO FLEXURE
ALONG THE WESTERN GHAT ESCARPMENT,
INDIA

The occurrence of earthquakes near reservoirs in the region
of the Western Ghat escarpment far exceeds the reported rate
in other areas of peninsular India. Reservoir loading and
induced pore pressure are generally thought to be triggering
earthquakes. But in order to explain the anomalous rates of
occurrence in the Western Ghat, we invoke the additional
effects of elastic plate flexure. The height of the escarpment is
usually considered to be maintained by flexure in the east-
west direction. Intense erosion and sediment loading further
control its evolution. This promotes failure at shallow depth by
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(V K. Gahalaut,  R. K. Chadha, Joshi K. Catherine, A
Ambikapathy, M Narasaiah, Amit Bansal, P Mahesh,
Nagaraju, Bhaskar Kundu)

5.7 SEISMIC STRUCTURE AND GENESIS OF
INTRA-PLATE EARTHQUAKES IN THE INDIAN
SHIELD AND ASSOCIATED SEISMIC HAZARD.

The rapid drift of the Indian tectonic plate:

The breakup of the supercontinent Gondwanaland into Africa,
Antarctica, Australia and India about 140 million years ago,
and consequently the opening of the Indian Ocean, is thought
to have been caused by heating of the lithosphere from below
by a large plume whose relicts are now the Marion, Kerguelen
and Re´union plumes. Plate reconstructions based on
palaeomagnetic data suggest that the Indian plate attained a
very high speed (18–20 cm yr-1 during the late Cretaceous
period) subsequent to its breakup from Gondwanaland, and
then slowed to 5 cm yr-1 after the continental collision with Asia
~50 Myr ago. The Australian and African plates moved
comparatively less distance and at much lower speeds of 2–4
cm yr-121. Antarctica remained almost stationary. This mobility
makes India unique among the fragments of Gondwanaland.

Black triangles denote seismic stations. Red circles mark the
surface locations of the mantle plumes whose conduits are
illustrated by the thick vertical lines.

Here it is proposed that when the fragments of Gondwanaland
were separated by the plume, the penetration of their
lithospheric roots into the asthenosphere were important in

Fig.5.4. Prediction of  the fore and back arc motion corresponding to
the estimated India-Burma pole and Burma-Sunda pole. Right
panel shows the partitioning of  India-Sunda motion in Indo-
Burmese Arc, Andaman-Nicobar and Nias-Sumatra regions.

Fig. 5.5. Large reservoirs associated with the earthquake activity are
shown with triangles. Available focal mechanism solutions
of  earthquakes occurring at the reservoirs are also shown.
The solutions shown on the left side correspond to the
reservoirs located on the WGE and that on the right side
correspond to the reservoirs located elsewhere.

Fig.5.6. Upper panel shows the deflection along the E-W profile, shown
with solid black line, due to plate flexure. Two profiles of
topography across the central WGE region are also shown with
blue lines. Lower panel shows the change in normal stress,
(σ

xx
) in bar in the plate due to flexure (compression is considered

positive). Hot colours denote tensile stress and vice-versa. Thus
in the hot colour regions, vertical fault planes that are parallel
to the escarpment will be encouraged for failure.

a reduction of the normal stress on escarpment-parallel sub-
vertical planes in the region. The same mechanism has been
proposed to operate globally in several other escarpment
regions along passive margins.
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determining their speed. We estimated the thickness of the
lithospheric plates of the different fragments of Gondwanaland
around the Indian Ocean by using the shear-wave receiver
function technique. It is clear  that the fragment of
Gondwanaland with  the thinnest lithosphere part happens to
be  India. The lithospheric roots in South Africa, Australia and
Antarctica are between 180 and 300km deep, whereas the
Indian lithosphere extends only about 100km deep (Fig. 5.6).
We infer that the plume that partitioned Gondwanaland may
have also melted the lower half of the Indian lithosphere, thus
permitting faster motion due to ridge push or slab pull.

Algorithms with 2D numerical methods is likely to refine models
of velocity structure greatly in future.

Stress triggering of normal aftershocks due to strike
slip earthquakes in compressive regime

A few cases of occurrence of normal aftershocks after strike
slip earthquakes in compressive regime have been reported
in literature. Occurrence of such aftershocks is intriguing as
they occurred despite the apparent stabilizing influence of
compressive plate tectonic stresses on the normal faults. To
investigate the occurrence processes of such earthquakes, we
calculated the change in static stress on optimally oriented
normal and reverse faults in the dilatational and compressional
step over zones respectively, due to slip on a vertical strike
slip fault under compressive regime (Fig.5.7). We find that
change in static stress is much more pronounced on normal
faults as compared to that on reverse faults, for all values of
fault friction. Change in static stress on reverse fault is
marginally positive only when the fault friction is low, whereas
for normal faults it is positive for all values of fault friction, and
is maximum for high fault friction. We suggest that strike slip
faulting in compressive regime creates a localized tensile

Fig.5.7 Change in static stress (in bar) on normal faults consistent
with the fault plane solution of  the aftershock at 8 km depth
due to a slip of  1 m on a 15 km long left lateral strike slip
fault that is assumed to rupture during the main Koyna
earthquake of  December 10, 1967. The mainshock rupture
is assumed to lie between 4 and 12 km depth. The probable
location of  aftershock rupture is also shown with dashed line.
DVP—Deccan Volcanic Province. The direction of
maximum principal stress is approximately N–S.

Fig.5.6 Topography of  the surface and the LAB in the region of  the
Indian Ocean and the fragments of  Gondwanaland
surrounding it, as determined in this study. The Indian
lithosphere is exceptionally thin compared with the other
fragments of  Gondwanaland.

Genetic algorithm code for modeling of regional long
period seismic waves:

Genetic Algorithm (GA) code applicable for modeling of the
long period seismic Pnl waves for estimation of crust-mantle
structure parameters was developed. The greatest advantage
of modeling the Pnl waves is that they are practically insensitive
to the detailed crustal layering and inhomogeneities, for a given
crustal velocity, paving way for a clear delineation of the crust-
upper-mantle parameters – namely, the crustal thickness, the
average crustal velocity, the uppermost mantle velocity and
the Vp:Vs ratio. We apply this method to two distinct tectonic
regimes – a subduction zone (Southwestern Japan) and a
collision zone (Southern Tibet). Suitable fitness functions,
generally based on the cross correlation between observed
and synthetic waveforms, are developed for implementation
of the GA. Our experience with these two regions indicates
the importance of identifying the right GA parameters and
approach for each type of region. Application of Genetic
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environment in the dilatational step over zone, which causes
normal faulting in that region. The aftershocks on such normal
faults are considered to have occurred as an almost
instantaneous response of stress transfer due to strike slip
motion.

The 14 February 2006 Sikkim earthquake of
magnitude 5.3

On 14 February 2006, an earthquake of magnitude 5.3 struck
to the west of Phodong, a small town in the Himalayan State of
Sikkim. The earthquake was followed by a large number of
aftershocks that were recorded by a network of digital seismic
stations operated by NGRI. The study indicates an east-west
trend of the epicentral distribution of earthquakes, which is
correlated with the decollement plane of the Main Boundary
Thrust dipping northward in Sikkim Himalaya. The Sikkim region
is surrounded by several damaging earthquakes of the past,
although it has not experienced a magnitude 8.0 earthquake
so far. However, it remains to be seen whether the Sikkim
region is a potentially less hazardous zone or there is likelihood
of occurrence of a great earthquake in the near future.

Mantle deformation in Sikkim and adjoining Himalaya

New measurements of azimuthal anisotropy within the
Himalayan collision zone and southern Tibet, obtained by
applying the SKS-splitting technique to waveforms from 31
broadband seismic stations, reveal significant variations in the
strength and orientation of the fast axes. Stations in the Sikkim
Himalaya, show strong anisotropy south of Main Central Thrust
(MCT), with delay times ~1 s. The fast polarization directions
are nearly parallel to the strike of the Himalaya mountain chain
and vary consistently along the profile, from 105º in the south
to 130º in the north. However, in the adjacent Nepal Himalaya,
a predominance of plate motion related strain is observed, at
least up to the MCT. The western portion of southern Tibet,
south of the Indus–Tsangpo suture zone, reveals
characteristics of E–W oriented anisotropy, contrary to null
anisotropy found in the eastern part. The complex flow pattern
revealed in the present study may be due to a combination of
basal shear resulting from plate motion and ductile flow along
the collision front due to compression.

Upper mantle beneath foothills of the western
Himalaya

Mantle lithosphere of the Indian Plate in the India–Eurasia
collision zone is not well understood. Tomographic studies
reveal high P velocity in the uppermost mantle to the south of
the western Himalaya, and these high velocities are sometimes
interpreted as an image of subducting Indian lithosphere. We

suggest that these high velocities are unrelated to the ongoing
subduction but correspond to a near-horizontal mantle keel of
the Indian shield. In the south of the Indian shield upper-mantle
velocities are anomalously low, and relatively high velocities
may signify a recovery of the normal shield structure in the
north. Our analysis is based on the recordings of seismograph
station NIL in the foothills of the western Himalaya. The T
component of the P receiver functions is weak relative to the Q
component, which is indicative of a subhorizontally layered
structure. Joint inversion of the P and S receiver functions
favours high uppermost mantle velocities, typical of the
lithosphere of Archean cratons. The arrival of the Ps converted
phase from 410 km discontinuity at NIL is 2.2 s earlier than in
IASP91 global model. This can be an effect of remnants of
Tethys subduction in the mantle transition zone and of high
velocities in the keel of the Indian shield. Joint inversion of
SKS particle motions and P receiver functions reveals a change
in the fast direction of seismic azimuthal anisotropy from 600%
at 80–160 km depths to 1500% at 160–220 km. The fast
direction in the lower layer is parallel to the trend of the
Himalaya. The change of deformation regimes at a depth of
160 km suggests that this is the base of the lithosphere of the
Indian shield. A similar boundary was found with similar
techniques in central Europe and the Tien Shan region, but
the base of the lithosphere in these regions is relatively shallow,
in agreement with the higher upper-mantle temperatures. The
ongoing continental collision is expressed in crustal structure:
the crust beneath NIL is very thick (58±2 km), and the S velocity
in the intermediate and lower crust is around 4.0 km s-1. This
anomalously large velocity and thickness can be explained by
scraping off the lower crust, when the Indian lithosphere
underthrusts the Himalaya.

Evidence for plate motion related strain in the Indian
shield

The predominantly Precambrian Indian lithospheric plate
experienced a long history of deformation ever since its breakup
from Gondwanaland and its passage over four hot spots. The
nature of mantle deformation of this fast moving plate has
hitherto remained elusive in view of the paucity of
measurements of shear wave anisotropy. The first results of
182 measurements of azimuthal anisotropy obtained by
analyzing the SKS and SKKS waveforms from 85 earthquakes
recorded at 35 broadband seismic stations located on various
geological units of the Indian shield show that the delay times
(δt) between the fast and slow axes of anisotropy are close to
1s, which is the global average for continental shield regions.
The fast axis azimuths do not reveal coherent patterns that
suggest dominance of asthenospheric flow where a basally
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flat Indian lithosphere is dragged over an inactive sub-
lithospheric mantle. The northern part of the Indian shield with
a thick lithosphere  shows a strong correlation between plate
motion and azimuths of fast polarization, due to the effect of
the basal cratonic keel plowing through the sub-lithospheric
mantle. Most of the fast axes azimuths can be explained by
the absolute plate motion (APM) related strain, considering
the basal topography of the lithosphere. The consistent NS
orientations along the west coast may be due to edge flow
associated with a transition from a thicker to a thinner
lithosphere. The Southern Granulite Terrain and the Cuddapah
basin  shows evidences for fossilized anisotropy, particularly
in regions close to continental shear zones.

(M. Ravi Kumar, N. Purnachandra Rao, Kalpna, Prakash
Kumar, K. Babu Rao, M. Murali Kumari, E. Uma Devi, Arun
Singh, D. Shashidhar, Metilda Periera,D. Kantha Rao,  G.
Kiran Kumar, Narendra Kumar, Ramesh Ghosh, M. Uma
Anuradha, B.D.R.P. Sarma, GSNV Prasad, Md. Ahmad) .

Earthquake monitoring and precursory studies in
Koyna-Warna:

The Koyna-Warna region located near the west coast of India
is known to be one of the most significant sites of artificial
reservoir triggered earthquakes. Over the past 44 years,
triggered earthquakes have been occurring in the region and
the largest triggered earthquake of M 6.3 occurred on 10
December 1967. Since then, 19 earthquakes of M≥≥≥≥≥5, about

180 of M~4 and several thousands of smaller magnitude have
occurred. More recently seismic activity is found to cluster south
of Warna (Fig.5.8).

Under a DST sponsored project, near real time monitoring of
seismic activity in the Koyna-Warna region through a network
of 10 digital seismic stations was undertaken in the year 2005.
The seismic activity recorded in the Koyna region is shown in
Figure 1. During the first weeks of August 2005 an unusual
spurt of seismic activity was witnessed. Further, it was observed
that at Koyna reservoir, a high water level (657.784m) was
attained as early as 17 August and at Warna reservoir for the
first time the full pond level of above 620m was reached
(621.8m on 4 August 2005), after several years. (Figure5.9).
The measurements reveal  that all the criteria that govern the
occurrence of an M~5 earthquake in the Koyna region were
present, it was also postulated that this M~5 earthquake should
occur in the next few weeks time. An earthquake of M 4.8 did
occur on 30 August 2005 making the forecast come true. As a
matter of fact, activity during the period August to December
2005 has been much higher than during the previous years.
The seismic activity preceding M ≥≥≥≥≥ 4 earthquakes since August
2005 was examined in detail. It was found that earthquakes
on 30 August 2005, 13 November 2005, 26 December 2005
and 17 April 2006 were preceded by well-defined nucleation -
that is a space-time distribution of all the events with M ≥≥≥≥≥ 1 that
occurred before all the above mentioned M 4 earthquakes.
The experience of observing nucleation preceding M~4
earthquakes, particularly 17 April 2006 earthquake, where
nucleation lasted for about 380 hrs, a forecast was made on
16 May 2006 at 13:35 hrs UTC and communicated to the Editor,
Current Science. An earthquake of M 4.2 occurred on 21 May
2006 within the forecasted parameters and the forecast has
come true (Figure 5.10). The complete details of earthquakes
forecasted during August 2005 to 2 July 2008 are summarized
in Table5.1.

Fig.5.9  Reservoir water levels at Koyna and Warna during 2005 and
a cumulative plot of  the years from 2001 – 2004.

Fig.5.8 Distribution of  seismic activity in the Koyna-Warna region
during August 2005 to June 2008. The dotted ellipses indicate
areas of  new zones of  seismic activity during January – March
2007 (large) and during November 2007 (small).
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(Harsh Gupta, V.P.Dimri, N. Purnachandra Rao, M. Ravi
Kumar, D. Srinagesh, H.V.S. Satyanarayana, , Vijaya
Raghavan, D. Shashidhar, Metilda Periera, K. Mallika, R.T.
Babu Naik, Satish Saha, M. Shekar, A.N.S.Sarma, P.
Solomon Raju, U. Gowri Sankar. G. Kiran Kumar, D. Kantha
Rao, Narendra Kumar, Arun Singh, G.S.N.V. Prasad, Md.
Ahmad).

5.8 STUDY OF SEISMICITY OF NORTHEAST INDIA
AND SOUTH INDIA

The mandate of the seismological observatory is to assess
the seismic hazard in Southern peninsular shield and Northeast
India, to monitor and map seismically active faults and synthesis
of expected ground motion in Southern Peninsular Shield and

Northeast India for moderate to large magnitude earthquakes
through semi-empirical Green’s function approach.

Intraplate earthquake studies

In the early hours (03:35 IST) of September 14 2007, a mild
earthquake of magnitude M~2.7 occurred close to the Bellary
town in Andhra Pradesh with its epicenter at 14.9ºN 77.1ºE.
This earthquake occurred in the vicinity of Closepet granite,
which divides Western and Eastern Dharwar Craton (Fig5.11).
The location of 1943 Bellary earthquake is shown in Red star
while the location of 2007 earthquake is shown as a smaller
star. Even though the earthquake size is small, it gains
importance due to its place of occurrence . This earthquake
would have gone unnoticed if the network of seismic stations,
operated by NGRI and other institutions did not exist.

Fig. 5.10 Temporal distribution of  earthquakes within the circle with
depth for the successfully forecasted M 4.2 earthquake of  21
May 2006. Symbols 

o, 
o, �& and * indicates events of  M 1.0 -

1.9, M 2.0 – 2.0, M 3.0 – 3.9 and M 4.2 
 
respectively.

S. No Forecasted parameters Occurred parameters

1 Nucleation started on 8th October 2007 Occurred on 14th October 2007 at

Forecasted on 10th October 2007 at 18:00 hrs IST 23:10:59.9, IST

Magnitude ~ 4.0, Focal depth less than 8km. Magnitude 3.4

Location: within a radius of 10km centered  17.1500 N, 73.7800 E. Focal depth 5.4 km

Could occur in next 15 days from the forecasted day Location: 17.1370 N, 73.7800 E
(till 25th October 2007).

Table 5.1 Earthquakes during August 2005 – July 2008 in the Koyna-Warna region were successfully forecasted. The parameters are as follows:

Fig 5.11
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The digital broadband data from eight seismic stations namely
Hyderabad, Cuddapah, Dharwar, Kolar, Kothagudem, Addanki,
Warna and Peechi was used to locate this earthquake. All the
stations are equipped with state-of-art Broadband seismic
stations and the time was tagged by GPS.   The closest station,
which recorded this earthquake, was the one situated in Kolar
Gold Fields, Kolar at 218 km. and the farthest station was
Warna located at a distance of 441 km. The epicentral location
obtained falls on the NNW-SSE trending shear Zone. The
present earthquake location is very close to the well-
documented historical Bellary earthquake of April 01, 1943.
The estimated depth was about 24 km in the lower crust. The
occurrence of this earthquake in lower crust very well supports
the tectonic environment prevailing in that region.(Fig 5.12)

(Solomon Raju P, Murty Y V V B S N, Basha S K, Sekhar M,
Srinagesh D)

Monitoring of Seismic Activity
Killari Region, Maharashtra

On September 06, 2007 an earthquake of magnitude 4.1
(Location as 18.1°N, 76.7°E Source IMD, New Delhi) had
occurred at the Killari, Latur region. NGRI has taken up initiative
to set up broadband seismic station to monitor the tremors
with the help of the   SRTM University , Nanded.  On September
9, 2007 the NGRI has set up a broadband seismic station at
Killari. Fig.5.13 shows the seismicity constrained using the
Killari station. During this period, about 20 earthquakes of

negative magnitude to 1.0 have been recorded. The seismic
station at Killari has also recorded the Nanded swarm and
Chincholi swarm from Karnataka.  The present seismic activity
in Killari along the Tirna river coincides with the 1993 Killari
earthquake epicentral region.

(Thandan Babu Naik R, Vijaya Raghavan R V, Sarma A N
S, Ravikanth Rao P)

Addanki earthquake, (Ongole region) Andhra
Pradesh.

In the early hours of July 03, 2007 a tremor of M~ 3.6 occurred
on Addanki-Nuziveedu fault, close to Ongole region in Andhra
Pradesh. NGRI initiated steps to monitor the activity by installing
Broadband seismic station in AP Residential School Campus
at Addanki where it was felt maximum.

Ongole region has experienced earthquakes of moderate
magnitude in the past. On March 27, 1962 an earthquake of
magnitude 5.2 occurred in this region on SE end of NW-SE
trending Gundlakamma fault. Gundlakamma and Addanki-
Nuziveedu fault are the prominent tectonic features and this
region is known for its neotectonic activity. The epicenters of
the earthquakes recorded after the July 03, 2007 is shown in
figure5.14 and the magnitudes of these earthquakes range from
0.4 to 0.6.

(Thandan Babu Naik R, Srinagesh D, Satish Saha,
Subhadra N, Ravikanth Rao P)

Fig. 5.12 Focal Mechanism: Using polarity data of  P-waves from the network stations we obtained focal mechanism for this earthquake, which is
strike-slip, and the sense of  direction is along NNW-SE trending plane.
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Nanded Region, Maharastra

On November 12, 2007 an earthquake of magnitude M 2.9
occurred with in the city of Nanded (19.173N 77.309E, 14:48
GMT, IMD), Maharashtra. Immediately after the occurrence of
this tremor, NGRI has taken up initiative to set up broadband
seismic stations to monitor the tremors.

The micro tremor activity is being monitored by 4 BB seismic
stations in the epicentral region  and their locations coincide
with reported regions of maximum ground shaking. Hundreds
of tremors have been recorded since Nov 2007 and about 69
tremors that occurred during the months of November and
December 2007 have been located. Majority of the epicenters
lie in an area of 12.5 (5X2.5 km) km and the depth extent of
this activity is limited to the top  3 km depth and the epicenters
are confined within the area lying between the Asna and
Godavari Rivers The NW-SE trend of the Asna river coincides
with the trend of the seismic activity indicating that the river
course is being guided by a NW-SE trending lineament.

(Murty Y V V B S N, Sarma A N S, Solomon Raju P, Thandan
Babu Naik R, Srinagesh D, Rammorty B, Ravikanth Rao P)

Micro earthquake monitoring around Kalpakkam,
Tamilnadu and Jaithapur, Maharshtra

Indira Gandhi Centre for Atomic Research, Kalpakkam, has
sponsored a project to monitor the seismicity around the
Prototype Fast Breeder Reactor (PFBR) plant site and within
a radius of 50km from the plant site,  to alert the project
authorities. Five stand alone seismic stations at Kalpakkam,
Anupuram, Cheyyur, Illalur, and Chengalpet were installed
earlier and were in continuous mode of operation.

During the reporting period, a V-SAT based seismic Telemetry
system was installed at Kalpakkam. All the five seismic stations
installed earlier were linked to the Central Recording Station

Fig 5.13

 Fig 5.14

Fig 5.15
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Fig 5.16

Fig 5.17

(CRS) at Kalpakkam through V-SAT link in the Ku-Band. With
this, On-line monitoring of seismic activity at Kalpakkam was
made possible in near real time. It was observed that there
were no local events recorded within 50km radius of the plant
site during the reporting period. The network map is shown in
fig5.16.

Micro Earthquake Monitoring around Jaithapur was sponsored
by the Nuclear Power Corporation, Mumbai with an objective
to monitor the seismicity within 50km radius from Jaithapur.
During the reporting period from April 1, 2007 to March 31,
2008, five seismic stations were operated at Madban,
Karepatan, Dassur, Mutat and Mervi. It was noticed that no
earthquake has been recorded within 50km from Jaitapur during
the above period.

of this region, 6 seismic stations  have been installed at (Lanka,
Tezpur, Singri, Umrangso, Udalgiri and Jagi Road)Fig 5.17.
Data is being recorded at 100 sps and work is in progress for
the near-real time transmission of seismological data to NGRI
through VSAT.

(Srinagesh D, Vijaya Raghavan R V, Gogoi N K, Solomon
Raju P, Borah N, Sarma A N S, BC Baruah, Sanjeeb Ghose,
Bhanu Das, PC Brahma, Khemraj Sharma)

Synthesis of expected ground motion using Semi-
empirical Green’s Function approach applied to
Earthquakes in North East India.

The ground motion attenuation relations in North-East (NE)
India were obtained using data from seven broadband seismic
stations installed at rock sites. 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). 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.

The methodology was applied to predict the strong motion
records and to calculate the peak ground acceleration (PGA)
for the earthquakes recorded in NE India. The results show a

(Satyanarayana H V S, Satish Saha, Thandan Babu Naik
R, Sarma A N S, Gowrisankar U, Muttukumar P S,
Rammorty B)

Monitoring of Seismicity in Northeast India:

Two earthquakes of M > 8.5 occurred in the Northeast India is
one of the most seismically active areas of the world. in this
region. This region is bounded by Himalayas in North and Naga
thrust, Burmese arc in the East. Major tectonic features in this
region are Dauki fault, Bramhaputra lineament, Jamuna
lineament and Kopili lineament, of which the last is seismically
active. This lineament with a length of 400 km. extends beneath
the Himalayas in the North West. Earthquake of magnitude
M~7 occurred in the vicinity of Kopili lineament during 1943
and is being speculated to be region for next largest earthquake
to occur in Northeast India. Keeping in view of the importance
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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 are found to be ~ 1 m/s2 at 100 km
and decays to ~ 0.1 m/s2 at 400 km distance. Our result shows
a rapid decay of ground motion amplitude with distance, similar
to that found in other tectonically active regions like Himalaya.

(Simanchal Padhy, Subhadra N, Gogoi N K, Borah N)

5.9  SAR INTERFEROMETRIC (INSAR)  STUDY OF
THE WESTERN  MARGIN OF THE INDIAN
TECTONIC PLATE

Slow earthquake in Afghanistan detected by InSAR:

The Chaman fault system forms a prominent 900-km long left-
lateral transform plate boundary between the Indian and
Eurasian plates in Afghanistan and Pakistan(fig 5.18).

Analysis of satellite radar interferometry (InSAR data revealed
an afterslip (or slow earthquake) signal following an earthquake
of magnitude 5.0. This slow slip episode lasted for more than a
year, and accompanied a widespread creep signal that
occurred at least 50 km along the fault. No surface slip is
detected before the earthquake during the 1.5 years sampled
by our data. This finding of long-lasting widespread afterslip
demonstrates that the plate motion along the Chaman Fault is
accommodated by slow slip episodes following moderate
earthquakes, and suggests that a potential for magnitude 7-
class earthquakes was significantly reduced.  The duration and

moment release of the detected afterslip do not fit the recently
proposed scaling law for slow earthquakes.  The figure below
shows snapshots of the slow earthquake as it evolved over a
period of more than a year.

(S.P.Satyabala)

5.10 HYDROSEISMICITY

During our study period of 2005-2007, one earthquake of M ~
5.2 on March 14, 2005 and 14 earthquakes of magnitude M >4
(including 3 after shocks) have occurred in Koyna-Warna region
(Fig 5.19). Strong repetitive evidence of significant temporal
changes in hydrogeochemistry and δ18O of groundwater ha
been observed due to seismicity and such anomalies are
validated by by the aquifer breaching and mixing model.
Hydrogeochemical data of groundwater and spring waters for
three years (2005-2007) in the Koyna-Warna reservoir triggered
seismic area, revealed a few significant episodic changes in
chloride (100%), sulphate (300%), and fluoride (500%) from
their baseline values. On the other hand, the δ18O values in a
few wells and hot spring waters have shown significant
depletion, in contrast to their normal values. The observed
hydrochemical and isotopic anomalies showed good
association with seismicity (≥≥≥≥≥4 M), rather than  water level
changes (recharge processes). Rapid loading and gradual
unloading of reservoirs (~25 m water column) has not  indicated
any notable influence on the groundwater levels, in particular
Govare well, where repeated hydrochemical anomalies are
observed. Inversely related anomalies of isotope and chemical
concentrations are caused by two distinctly characteristic

Fig  5.18 (a) Location map of  the Chaman Fault (red line) and the analyzed full scene (red rectangle). Black solid lines are nations’ boundary, and
Afg, Pak, and Ind stand for Afghanistan, Pakistan, and India, respectively. (b) Full-scene InSAR data: Expanded views of  InSAR data
around the epicenter as a function of  time after the earthquake: (c) 17 days, (d) 52 days, (e) 122 days, (f) 192 days, (g) 332 days, (h) 367 days,
(i) 543 days.  Positive (negative) change represents increase (decrease) in radar LOS. (j) Shaded relief  map in the same area.
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aquifers in the area (Fig.5.20). Based on the hydrochemical
and isotopic values of the base line and anomalies and
surrounding well water characteristics, we could validate the
conceptual model of micro fracturing and upwelling of one
aquifer water to different aquifer due to earthquake processes.
The model explains the observed temporal changes in
chemistry and shows good agreement between the estimated
fractions of two mixing components of different aquifer waters
obtained from two conservative tracers, chloride and 18O (Table.
5.2). Almost same mixing proportions (~50% each) of two
aquifer waters obtained with the two tracers provide confidence
in the proposed model. However, such a mixing ratio is

Bore well                            Cl tracer                                          δ18O tracer
Estimated Estimated

Average of Average of Average of Average of fraction in fraction of
stable values episodic values stable values episodic values mixture using mixture using

Cl (mg/l) Cl (mg/l) δ18O %  δ18O % Cl balance δ18O balance

Govare 5 (n= 18) 11 (n=5) -2.9 (n= 18) -4.3 (n=5) 60% 55%

Morgiri 20 (n= 5) -6 (n= 5 ) 40% 45%

n- no. of samples

Table 5.2. Estimated fraction of mixing of Morgiri deeper aquifer water and Govare groundwater at the time of earthquake.

Fig.5.20  δ18O vs different chemical constituents during 2005 - 2007 in
Govare and Morgiri wells. Govare groundwater samples
indicate episodic changes due to the mixing of  the Morgiri
water caused due to seismicity.

Fig.5.19 Study area, of  Koyna – Warna regions of  Maharashtra is well
known for triggered seismicity. Water sample locations and
earthquake epicenters of  M ≥≥≥≥≥4 during January 2005 to
December 2007 are shown. M 5.1 earthquake was recorded
on 14th March 2005. A cluster of  M 4.1, 4.6 and 4.8 in the
Marleshwar area recorded on a single day (24th November
2007) is also shown. Prominent lineaments are also shown

unprecedented and calls for further work for better
understanding of the earthquake processes causing hydro
geochemical and isotopic anomalies which may be useful for
earthquake prediction. Further, we are able to demonstrate
clearly that such hydro geological and isotopic anomalies are
due to specific faults/ruptures and may impact only certain wells.

Paleoseismology

Extensive field investigations were carried out in the
meizoseismal area of the Great 1950 Assam earthquake aimed
at exploring the paleoseismic history of NE Indian region
through documentation of liquefaction features. The
precondition for any liquefaction like the presence of shallow
water table, unconsolidated sand and shear wave as triggering
agent prevail at the studied sites in the Brahmaputra valley. In
such potential seismic zone a large number of liquefaction sites
were expected to exist. Contrary to this, our extensive field
investigations in this meizoseismal area could unravel only a
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few sites with liquefaction features. Non-availability of
liquefaction sites within the flood plains of Brahmaputra river
could be attributed to either sediment erosion or deep burial
during seasonal floods. However, the sites located inland or
close to low energy flood environment are quite suitable for
preservation of liquefaction features. Owing to this, we could
locate the liquefaction features mainly along and adjoining
areas of Burhi Dihing river, a major tributary of Brahmaputra,
and a few locations in distal part of the alluvial fans. The
liquefaction features, like sand blows, dykes and sills, crater,
and associated soft sediment deformation features were
observed in trenches at different depths from the ground
surface. The liquefaction sites namely Haldibari, Khowang,
Sapakhoaghat, Zinimari, Nagaon, Kalolwa, and Borbaligaon
are distributed in lower reaches of Burhi Dihing River, while
Jiya Nala, and Kaliya Nala fall in the distal part of alluvial fans
of Dibang river near Sadiya. In order to constrain the formation
timing of the different liquefaction features and causative
earthquakes, associated organic material samples (e.g.
charcoal, wood, peat) were collected. Out of 12 features, one
feature at Haldibari site dates Modern (≤≤≤≤≤ 50 yr) for its lower ,
upper  and pene-contemporaneous bounds, thus exclusively
constraining the 1950 earthquake. For some of the sand dykes,
we obtained lower bound ages of about 500 yr which infer the
features might have formed any time after 1370 AD. We might
have documented the signatures of historically reported 1548

AD and 1697 AD seismic events, but were devoid of organic
material for 14C dating. Thus the paleoseismic history dating
back to ~ 500 yr BP documented through 14C chronology of
the organic material associated with these features indicates
the absence of a comparable magnitude earthquake of that of
1950 in the studied area.

(D.V. Reddy, P. Nagabhushanam, Devender Kumar, P.J.
Thomas, Syed Hussain, M.S. Bhagyavati)

5.11 MONITORING OF MAGNETOTELLURIC
SIGNALS TO STUDY THE  PRECURSORY
PHENOMENA FOR THE SEISMIC ACTIVITY IN
KOYNA   REGION, WESTERN INDIA.

Phoenix Geophysics’ multi-function magnetotelluric instrument
V8 has been purchased under DST sponsored project for
setting up Magnetotelluric observatories at Koyna(Fig 5.21 and
5.22) that would run for three years continuously. These stations
are intended to run for a period of several years in an area that
is prone to frequent earthquakes in order to determine if MT
monitoring can provide any advance warning of seismic activity
and, in effect, be used to predict earthquake activity.

(T. Harinarayana, D. N. Murthy, G. Virupakshi, C. Manoj, T.
Srinivasulu, Sharana Basava,  Mahesh Narayanan,
A.K.Gupta)

Fig 5.22 Housing  constructed in   the village  of    Jaichwadi, near
Patan, Koyana.Fig 5.21 V8 Multifunction Receiver
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