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Introduction geophysics, vii) Gravity and magnetics analysis and

) ) ) viii) Electrical and electromagnetic studies.
The Institute of Seismological Research (ISR) under the

Science and Technology Department, Government of Programmes During 2007-12

Guijarat was established in 2006. To date, ISR is the only | ) ) ) )
institution in India dedicated exclusively to seismological Maor programmes of ISR during this period comprised,
research and in a short span, it has developed into a premiej
institution with an international presence. The institute has
following major programmes,

Preparation of catalogues of earthquakes for Indian
sub-continent from historical times to the present.

2. Earthquake monitoring and seismicity patterns in
1. Earthquake Monitoring that involves, round the Guijarat

clock monitoring of seismic activity of Gujarat
through a dense network of 60 broadband 3.  Preparation of geological active fault map of Gujarat
seismograph station (36 connected by VSAT) and
50 strong motion accelerograph in Gujarat. These
station report earthquake location and their
magnitudes within 10 minutes of the arrival of
seismic waves. Auto location Programme has been
installed to give earthquake parameters in near real
time. An earthquake research center has also been

started at Bhachau in Kachchh. 5. Long-distance delayed triggering of earthquakes
were explained as being due to rheological and
viscoelastic changes. This study explained the
migration of seismicity in Kachchh and Saurashtra.
During summer, earthquakes of magnitude 4-5 occur
in Saurashtra due to rise in water table by 30m.

3. Site specific Seismic microzonation studies and 6. Modelling of Tsunami and inundation scenarios for

recommendation to the state on several important the west coast for an earthquake along Makran coast.
seismic safety factors.

Earthquake source information like seismic moment,
focal mechanism and source-time function were
derived though moment tensor analysis for about 20
earthquakes of magnitude 4-5 which occurred in
Kachchh and Saurashtra during 2007-2011. This
analysis has informed on the tectonics of these areas.

2.  GPS Monitoring for Crustal Deformation studies
with about 25 permanent GPS station for the study
of crustal deformation across all geological faults in
Guijarat.

Significant Contributions of ISR
4. Earthquake Prediction Research using, three
multiparametric Geophysical observatories at
Vamka, Desalpar and Badalgarh in Kachchh district. Long-Term Assessment of Earthquake Potential Across
These stations measure 11 physical parameters roundifferent Faults Though earthquake prediction is still a
the clock for earthquake prediction research. matter of research, assessment of long-term earthquake
hazard will help builders, architects and engineers to design
5. Laboratories for, i) Seismic data analysis, ii) earthquake resistant buildings to save precious lives.
Geotechnical analysis, iii) Global positioning system Though a major earthquake of magnitude 7.7 occurred near
analysis, iv) Engineering seismology, v) Optically Bhachauin 2001, earthquakes of magnitude 6-7 along other
Stimulated luminescence dating, vi) Engineering nearby faults can’t be ruled out. For long-term assessment

(a) Earthquake Precursory Studies
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of earthquake hazard a map of geological faults of Gujarat(b) Seismic Hazard Assessment and Active Fault Studies
has been prepared and the faults are investigated with o o )
various types of geophysical surveys. Kachchh has five 1+ Probabilistic Seismic Hazard Map of India

active faults, namely Katrol Hill Fault, Kachchh Mainland = A probabilistic Seismic Hazard Assessment (PSHA) map
Fault, South Wagad Fault, Gedi Fault and Island Belt Fault. ¢ |4dia has been prepared and submitted to the Bureau of
The Kachchh Mainland Fault and Island Belt Fault are |qian Standards for recommending it to the nation. A
major faults capable of generating M8 earthquakes. The a510q of earthquakes in India and the surrounding regions
other faults are smaller/discontinuous and have potentialp, o peen prepared; seismic zones have been marked and
of M<7 earthquakes. The mainland has major Narmadag gtatistical parameters ‘a’ and ‘b’ have been estimated.
Fault and two margin faults of Cambay Basin on two sides pcceleration attenuation has been worked out for the
of Ahmedabad. These faults are not active presently. Thegiarat region and correlated with local ground conditions
Narmada fault has a potential of M6.5 while the Cambay 5,4 v/s30.

faults have potential of M<6. In Saurashtra, small fault

lines of 30 to 50 km have become active since 2006 and, gjte Specific Response Analysis for Nuclear Power
have potential of M<6. So far the tremors are of magnitude p|gnts

5 in Talala, magnitude around 4 in Jamnagar and

Surendranagar and around 3 in Adwana area of PorbandefSR estimated the site specific response spectra for
district to Bhanvad area of Jamnagar district. The Kakrapar Nuclear power plant and also given a report on
earthquakes of M6 or less can cause local damage but M&he basis of which the plans for expansion of nuclear power
earthquakes can cause local devastation to distances of 108lant was approved.

km and collapse of tall buildings to 300 km distance. _ _ _ _ _

Sometimes hidden faults give rise to earthquakes. Such3. Developing Attenuation Relationship for Gujarat

faults are being identified based on lineament studies

o o ; 'An attenuation relation for hard rock sites in Gujarat has
geological investigations and geophysical surveys.

been prepared. This was based on 93 recorded accelerations
For the long-term assessment of earthquake potentialfor magnitude 3 to 5.7 earthquakes during the period 2007-
along different faults a dense network of 25 permanent and2009, at distances in the range 15 to 120 km. This
11 campaign mode stations has been deployed whichattenuation relationship was further used to simulate
detects movements as small as 1-2 mm/yr. Vertical earthquakes of magnitude 6 to 7.6 to synthetically create
deformation is being monitored by INSAR study in one thousand and ninety two simulated samples of peak
collaboration with SAC-ISRO. ground acceleration. The attenuation relationship for

Rate of deformation in the past 2Ma is studied by Magdnitude 6 to 7.6 was then produced by regression
active fault investigations in Kachchh and Narmada. Dates@n@lysis followed by inversion. The strong motion data has
of earthquakes in the past 20,000 yr are determined b)})een tested with the _Ilnear gnd exponentl_al fit. The fitting
palaeoseismological and active fault investigations. Dating @S been checked using various error-testing methods, e.g.,
of sediments/prehistoric earthquakes is done in its OpticallyStandard sum of errors and correlation coefficients etc.
Stimulated Luminescence Lab. Dates of pre-historic Finally the relationship was established with the data
earthquakes give recurrence rates of large earthquakes ifl'Version technique using the best-fit input data of
order to assess earthquake hazard along different geologicdl'@gnitude and hypocentral distance.
faults. Active fault studies involve thorough examination
of 3D satellite imageries, geological investigations
supported by geophysical surveys like GPR, shallow

seismic and resistivity imaging and finally observation of The Sardar Sarovar Narmada Nigam Limited (SSNNL)
recent movements in trenches across faults. plans to build a national monument of Sardar Vallabhbhai
Medium- and Short-term PrecursarBesides long- Patel, 3 km downstream of the Narmada dam. This statue
term earthquake hazard assessment in Gujarat, ISR carrie¥ill be the world's tallest with a height of 180 m. ISR carried
out research on medium and short-term earthquakeOut sglsmolog|cal_and geophysmal surveysmthe ;tudy_area
forecasts by measuring several types of precursorythat included, (i) Seismic survey using engineering
phenomenon. ISR has established three MultiparametricS€ismograph to determine seismic wave velocity to a depth
Geophysical Observatories in Kachchh for earthquake ©f 30m (i) Operation of broadband seismographs at two
prediction research. 11 types of precursory parameters ar@laces near the site to record ambient vibrations to study
being observed with Broadband Seismographs, GPs the site response for high frequency waves, (i) Operation

magnetometers, ground water leveler, super-conducting®f low frequency seismometers at two locations near the
gravimeter, helium and radon detectors. site to record ambient vibrations for site response to low

4. Seismic Hazard Analysis for Proposed National
Monument of Sardar Patel at Narmada Dam Site
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frequency waves, and, (iv) Array micro-tremor survey to Bhachau. Further east, the geologists believe extension of
determine seismic velocities and depth to different layers KMF beneath the soil. In this study, the assumed eastern
to 100m depth. The results of the investigations were usedextension of KMF is not found. However, a hidden fault
to ascertain the seismic hazard and determine site specifisome 4 km north to the assumed extension of KMF was
response spectra. found. At same location in the western profile close to 2001
mainshock epicentre, indications of a fault are also seen
which supports this result. The possibility of further sub-
stratum extension of South Wagad Fault in the west is also
seen along the western profile at 14 km north of KMF due
to the basement variation of half kilometer.

5. ISR has Carried out the Following Studies for Seismic
Hazard Assessments

a) Seismic Microzonation studies of 800 sq km area
Dholera Special Investment Region (SIR) in a
500mx50(_)m_ grld including the _mea_lsuren_wents of 7. Palaeoseismological and Active Fault Investigations in
Vs30, resistivity, and geotechnical investigations

Kachchh
through 87 boreholes.
S . . Palaeoseismology, geomorphology and dating of recent
b)  Seismic Hazard Assessment of Gujarat Intemational tectonic features in Kachchh was carried out to determine

Finance Tec (GIFT) city. the ages of pre-historic earthquakes and rates of movements
c) Seismic Vulnerability and Risk Assessment at @long geological faults. The study helps in establishing the
Gandhidham in collaboration with IIIT, Hyderabad ecurrence interval of earthquakes for past several thousand
and IIT Kanpur years and may help in forecasting of return period of
earthquakes. The first step of the study was through a study
d) Assessment of seismic vulnerability of the strategic of satellite stereo images of earthquake deformations like
installations in coastal regions of Gujarat pressure ridges and then ground truth for confirmation of
such features. After ascertaining the chances of getting
guaternary deformation features, trenches were dug and
the sediment samples were collected. Analysis of these
samples was done in OSL Lab for determining the ages of
6. Magnetotelluric Studies in the Kachchh Region of the sediments. Palaeoseismology studies were
Gujarat complemented by geophysical investigations such as GPR
and MASW survey, leveling measurements using RTK and
Hundreds of aftershocks of magnitude M=3 of 2001 Total Station. The study revealed clear evidences of
Kachchh earthquake of Mw 7.7 have been recorded byneotectonic activity and pre-historic earthquakes and led
various agencies like National geophysical Researchto the development of active fault map of Kachchh.
institute (NGRI) and Institute of Seismological Research
(ISR). Until 2006, the seismicity was high and the 8. Trench Investigation in Shivlakha Across the South
earthquakes of |5 were recorded in the epicenter region. Wagad Fault, Kachchh
After 2006, aftershocks of Bhuj earthquake and seismic

activity are concentrated in the eastern part of the epicentrall © Understand surface rupture around 24.5 m long, 3 m
zone along the Samkhiali basin and the Wagad area. AVide and around 3 m deep, a NW SE trending trench was

detailed MT survey to understand the nature of the faults€Xcavated in Shivalakha area. Complete trench logging of
in the area bounded between, village Sikara(west ofthe NE wall of trench was done to establish the stratigraphy
Bhachau) to village Mae (north of Bhachau) at an inter of Shivalakha trench. Four stratigraphic units were

station spacing of 1 to 3 km, was carried out. Two profiles /dentified in the region. The older NE-SW striking Wagad

were taken east of the 2001 Bhuj earthquake epicentreSandstone was inclined by %#towards SE direction.

The eastern profile was about 25 km east of the epicenter! €rtiary clay (unite-1) at the base of trench is overlain by
of 2001 mainshock (close to Bhachau) and the Studyfluwal grave_l (unit -2) with sandy matrix. These gra_vels
indicated a south dipping fault in Samkhiali Basin. It was Were deposited by an older stream. The gravel unit was
seen from further studies that from the 1D analysis of the ©Verlain by channel fill sand with disperse gravels. A low
eastern profile of 11 MT stations, the sediment thickness 291 NNE-SSW striking NW facing reverse fault was
varied from 1.5 km to 2.3 km whereas along the western identified in the trench and the net slip along fault was
profile of 8MT stations, the sediment thickness is varied Measured as 50 cm. The hanging wall movement of the
from 0.4km to 1.7 km. The 2D inversion analysis of MT fault resulted in a SE movement of pre-existing litho units.
data of the eastern profile shows two distinctive resistive The bulldozer effect 9f ha”g'”g wall caused mtermmng
blocks corresponding to Wagad uplift in the north and the Of 9ravel and sand with Tertiary clay, that was deposited

Kachchh Mainland in the south. The KMF is seen west of N the form of a colluvial wedge on the hanging as well as

e) Seismotectonic investigations including seismic
reflection, seismic refraction and geotechnical
investigations in the Mundra area.
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footwall of fault. To establish the chronology of the fault
slip event some six OSL ages of different horizons of
deformation zone were obtained.

Infrastructure/Instruments/Labs Since 2006 at ISR

1.

Significant Publications

60 broadband seismographs and 50 strong motion6.

Accelerographs, 36 connected to ISR via VSAT.
Earthquake information disseminated in minutes and
daily updated in website www.isr.gujarat.gov.in.

25 permanent GPS station network and 11 campaign

mode

8.

Optically Stimulated Luminescence (OSL) Lab for
dating of sediments

Geotechnical Lab: Consolidation testing machine,
cyclic cum static triaxial testing machine, electronic
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direct shear apparatus, rapid moisture meter and
many more.

Engineering Geophysical Lab: PS logging, shallow
seismic, microtremor recorder

Geophysical survey instruments: Gravity, magnetic,
magnetotallauric, TEM, deep resistivity imaging,
GPR

Land survey equipments: Real Time Kinematic
(RTK) and Total station

Multiparametric Geophysical Observatories
(MPGO) since 2008: Super conduction gravimeter,
magnetometers, magneto-telluric system, resistivity
imaging apparatus, radon and helium emanometers,
water level recorders, borehole strain meters, GPS,
Accelerographs, and Broad band seismographs.
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