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Three dimensional attenuation
structure of the central seismic gap
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The central gap region of the Himalaya, which lies in the
northern part of the Indian subcontinent, is exposed
to a great seismic hazard. Due to paucity of existing
seismic instrumentation we have less digital data of
past earthquakes in this region. With isoseismal data
we have used damped least square inversion scheme to get
three-dimensional attenuation structure of the region
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based on @ value. The obtained @ structure explains
the aerial distribution of isoseismals of major earth-
quakes in the recent past. The studied area covers the
Tehri town, which is the locale of one of the biggest
earth-fill dams of height 260 m. The surface distribution
of Q value suggests that the region around Tehri is
surrounded by comparatively less attenuating medium
and hence is a region of potential seismic hazard. The
obtained Q structure explains the surface distribution of
isoseismals of major earthquakes and provides impor-
tant inputs for the purpose of seismic hazard zonation.

Keywords: Central seismic gap, Himalaya, isoseismal,
Q value, seismic hazard, intensity.

THE Himalayan orogen, which extends over 2500 km from
Kashmir in the northwest to Arunachal in northeast India,
is believed to be the result of a collision of the Indian and
Burasian plates'™. Four great earthquakes have occurred in
this Himalayan belt; however the major intervening part
of the plate boundary has not broken in this time interval.
Three areas of seismicity gaps have been identified in this
Himalayan plate boundary’. Among these, the extent of
central gap is long and has the potential for sustaining two
future great earthquakes®. The central gap region of the
Himalayas lies in the northern part of the Indian subcontinent
and falls under the highest zone V of seismic zoning map
of India. This region lies in a seismically hazardous zone
and has witnessed two major earthquakes in the last decade,
which had killed nearly 2100 people. The seismic hazard in
any region can be correlated with the attenuation property
of the medium, which is inversely proportional to the
quality factor (Q) of the medium. Based on the principle
that the ground vibration generated due to an earthquake
controls the surface damage, inversion is performed to
correlate the intensity data with the subsurface Q structure
of the region. The final Q structure shows that this region
contains both low as well as high Q localities and the site
of the Tehri dam lies in comparatively high Q zone,
which indicates its high seismic hazard potential.

For homogeneous earth the intensity contours usually
show co-circular pattern with their centre at the epicentre.
Irregular patterns of isoseismals are explained by attenuation
structures®’. The basic assumption which is used in the
inversion scheme is that the seismic intensity is a measure
of the peak ground acceleration A, which is associated
with the arrival of S-waves released from point source
buried in the earth medium, where velocity is constant in the
horizontal direction and varies in a vertical direction®. In
the present work the relation applicable for Himalayan
earthquakes has been used to convert observed intensity data
into peak ground acceleration after carefully testing their
applicability for the Himalayan earthquakes'®''. It has
been seen by several numerical experiments that a quantita-
tively reliable Q structure and earthquake source strength
can be obtained in a region using intensity data®. The proce-
dure of inversion is based on the method of Aki and Lee,
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Figure 1.
for inversion in iterative manner to get final Q;j structure.

and has been successfully applied for obtaining Q struc-
ture of Japan'>'’. For a model of the region defined by
several blocks with constant but different Q,, the relation
between observed acceleration A, and calculated peak
ground acceleration A, due to the S-wave can be given as®:

In(Acps/Acal) = In(S/So) — Z(Dijk — Do) T + e.

The parameter e in the above equation gives the estimate
of error. In this equation the left hand side is known to us,
So is the calculated source strength from the assumed ini-
tial model Dy,. S and Dyj are the actual source strength
and attenuation parameter of the real earth. T}y is the time
spent in the ijkth block of attenuation coefficient Dy
(mf/Qii) and is calculated for different models using ray
theory. For a particular earthquake, we have as many
equations as there are observation points at the surface of the
earth. Inversion in damped least square sense is performed
in an iterative manner by first assuming an initial Q model.
Inversion of all sets of equations gives an estimate of un-
known quantities like In(S/Sp), 8Dy = (Dyx — Do) and e
respectively. For the next iteration, a new Q model is prepared
by adding 3Dy in the initial mode (i.e. 8Dy + Do,i). Again,
So is computed at all observation points and average value
is used to compute A, at all observation points. This again
gives a new set of equations for inversion and again unknown
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parameters are estimated. This iteration is performed until
dD;j and e are minimized (Figure 1).

In this central gap region of the Himalaya we have
intensity data for only four earthquakes, namely the Chamoli
earthquake of 23 January 1996 (lat. 30.48°, long. 79.41°,
depth = 33 km, m; = 4.3); the Garhwal earthquake of 26
March 1996 (lat. 30.65°, long. 79.10°, depth =47 km,
my = 4.8); the Uttarkashi earthquake of 20 October 1991
(lat. 30.78°, long. = 78.77°, depth = 10 km, M;=7.0) and
the Chamoli earthquake of 28 March 1999 (lat. 30.51°,
long. 79.4°, depth = 15 km, M, = 6.6; Figure 2). Three-
dimensional Q structure is determined in a selected rec-
tangular block of length 150 km and width 250 km, which
is divided into 36 small rectangular blocks of size 30 km x
43 km x 10 km. Three-dimensional division of this region
is made by a total of 108 blocks. Using the intensity data
at 36 observation points for four earthquakes, we obtained
a set of 144 equations and 113 parameters. A known simple
velocity Q model is assumed as the initial model'®. This
set is inverted in an iterative manner for several models
and among these a final model is selected that minimizes
5Dijk, The final model gives the three-dimensional distri-
bution of Q in the selected rectangular area.

In India a few studies have been carried out to under-
stand the attenuation characteristics of the medium in the
central gap of the Himalaya. Some of these studies suggest
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Figure 2.

Isoseismals of the Uttarkashi, Garhwal and Chamoli earthquakes in MMI scale'*'". Shaded region shows area

covered by isoseismal of VI value on MMI scale. Ey, E,, E; and E, are epicentres of the Uttarkashi (M, = 7.0), Chamoli
(M;=6.5), Chamoli (m, =4.5) and Garhwal (m; = 4.8) earthquakes. (Inset) Selected area lies in the central seismic gap
between great Kangra and Assam earthquakes in the Indian lithoshperic plates moving at the rate of 5.5 cm/yr
(after Gaur”). MBT, Main Boundary Thrust; MCT, Main Central Thrust.

low Q value, while others suggest high Q value'”"’. These
conflicting results may have arrived from the use of different
datasets for estimating a single Q value representative of
the large area. These findings are unable to explain why the
area covered by similar intensity contours in the Uttarkashi
earthquakes was smaller than that of the Chamoli earthquake,
despite the higher energy released. Maximum mud, adobe
and stone houses are in the Chamoli district™. This also fails
to explain the cause of real destruction scenario during
earthquakes in this region.

Spatial distribution of Q value in the selected area shows
low value at the epicentral region of the Uttarkashi earthquake
and high value at the epicentral region of the Chamoli

CURRENT SCIENCE, VOL. 90, NO. 4, 25 FEBRUARY 2006

earthquake (Figure 3). This clearly explains that, though the
amount of energy released during the Uttarkashi earthquake
was high, it was attenuated at a faster rate than that of the
Chamoli earthquake. Therefore, isoseismals for the Uttar-
kashi earthquake covered a smaller area than that of the
Chamoli earthquake. The final Q structure coincides with
the steady state model of the continental subduction in the
central part of the Himalaya® (Figure 4). The studied area
includes the Tehri region, which is the site of one of the
largest rockfill dams of height of 260 m across the river
Bhagirathi. Seismological research'®*""** reveals that this
region can experience peak ground acceleration more than
1 g. Little information is available about the attenuating char-
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Figure 3. (a), Geological depth section along central Himalayan region transverse to the strike of MCT and MBT and (b) the

obtained Q structure. The depth section is taken after Seeber er al.’.
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Figure 4. Q contours in the central gap region of the Himalaya.
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acteristics of the medium beneath Tehri. Our study shows that
the Tehri region is surrounded by comparatively high Q
zone. Seismic energy released from source attenuates at a
rate proportional to R where f is the frequency, R
hypocentral distance and ¢ the propagation velocity.
Therefore, high Q value means low attenuation of seismic
energy in the medium and hence high probability of seismic
hazard in this region. As the region is identified to be in the
central seismic gap of the Himalaya®, a great magnitude
earthquake is expected here. During the last great earthquake
of 1905, 19,500 people were killed due to collapse of
houses™; therefore any great earthquake in this region
presents risk to 50 million people who live in towns and
villages of the Himalayan mountain and the Ganges plains.
Under such circumstances, demarcation of high and low
attenuation zones proves to be useful for planners and en-
gineers. The Q structure obtained from the present inversion
can be used together with the site effects of the topmost
soil for seismic hazard zonation of those regions where
such data are available. Due to limited digital data avail-
able in this region, seismic intensity has been used as in-
put for inversion and hence the results obtained here are
mostly qualitative in nature. With the advancement of the
digital network and increase in the database of large
earthquakes in future, the present technique can be applied
to obtain quantitative estimate of three-dimensional Q struc-
ture of the earth crust.
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