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PREFACE

The Northeast India region is one of the most active zones in the world; the region is
jawed between the two arcs, the Himalayan arc to the nortthanddeBurmese arc to the
east. The region bounded by latitudeZZN and longitude 9®8°E, produced two great
earthquakes (M> 8.0) and about 20 large earthquakes (7.0>M>8.0) since 1897. The Shillong
Plateau was the source area for the 1897 gredtigealke M 8.7, and the Assam Syntaxis
zone for the 1950 great earthquake M 8.6. Several large earthquakes occurred along the Indo
Burma ranges. Earthquake is only natural disaster, which cannot be predicted till now and
may occur at any time and ppéannedstrategies for rescue of life and property arepus-
sible and henceauses maximurdevastation than other natural disaster. So, earthquake di
aster mitigation and responses takes an important role to reduce the destruction of life and
property. A mitigéion strategy is one of the prime concepts in order to reduce the hazard.
This includes land use regulations, seismic construction and retrofit codes, improved
engneering practices and simultaneous basic research on earthquake seismology. Effective
mitigation will result in the avoidance of many losses that could result from futurde- eart
guakes. Additionally, although mitigation measures do provide considerable protection, one
of the key features of earthquake disasters is that they produce unanticipagets ithpt
overwhelm the coping capacities of affected social units. Task force group constituted by A
sam State Disaster Management Authority (ASDMA), Dispur, Guwahati, Assamm-+eco
mended for preparing basic reference document by launching literature siraegilable
earthquake hazard assessment and mitigation related studies in Northeastern regidn for fin
ing out what is available and the gaps if any. Pertaining to future research program towards
earthquake mitigation aspect, this survey would framerehmark for future furtherer
search program. Several workers worked on various research topics related to earthquake
seismology which delivered the prime input to the earthquake hazard mitigation approach in
Northeastern India. However, the studies mak Emme of the crucial inputs which stié-r
main unexplored. These inputs are yet to be ascertained. Incidentally, this survey will portray
the status of present scenario on earthquake hazard mitigation related studies and the gaps if
any available.
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CHAPTER 1: INTRODUCTION

1.1 Origin of the proposal:
The concern raised by the Honorable President of India with regard to the loss of life

and damage to the property caused by the recent earthenekis, occurred in Sumatra and
Sikkim region. Major emphasis, has been decided to take up earthquake hazard estimation
and its mitigation related studies systematically in the regions where a large earthquake may
recur anytime. Northeastern India is ooiethe highly seismically active zones in the World

(Fig. 1). Daily numbers of earthquake occur in Northeastern India (MERhN is not felt

mostly. Some of these are felt rigorously too. Recentlyptwple of NER experienced few

felt earthquakes.
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Fig.1 Map showing major tectonic features of northeast India region after (GSI, 2000). Two
greatearthquakes (M>8.0) are annotated by larger star symbols, and the large earthquakes
(8.0>M>7.0)by circles. The digital seismic stations are shown by blue trianglee hat type
maximumintensity zone, isoseismal Xl (MM scale), of the 1897 great earthquake is shown
(after Oldham,1899). The existing one is at Shillong indicated by blue triangle encircled.
The major tectonideatures in theegion are indicated; MT : Main Central Thrust, MBT :
Main Boundary ThrustMFF : Main Frontal Fault, DF : Dauki Fault, DT : Dapsi Thrust,
Dh.F : Dudhnoi Fault, OF Oldham Fault, CF : Chedrang Fault, BS : Barapani Shear Zone,
KF : Kopili Fault, NT : NagaThrust, DsT : Disang Tast and EBT : Eastern Boundary

Thrust.
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One of these events (Sikkim eq., 18th Sep, 2011) shook rigorousgntine NER
and caused several damage to dwellers with loss of deathsMweshinterestingly there
were five felt earthquakes within the spdrone andBh al f mont hds did+ ati on
guake. Since the time interval of the feltrthquake was very short, firstly it created a panic
among the people of NE&nd secondly it has created avenues for new scientific stuey pe
taining toearthquakdnazard estimation. Simultaneously there is famous quote BRe&m )
AWhile it Iis not possible spebyreumpeaddthy t o pr
ry, a major quake is definitely due in No#ast, taking intaccount the Assam earthraje
of 1950 and Shil | on gonegonsiders a gap of 338/@aik betweehltha t i
Assam and Shillong quakes, therev®ry possibility of the occurrence of Major earthquake
now. The region hasxperienced some of world's worst quakes, hikeatShillong quake or
the Assanone, both measuring around 8.5 and reckoned to be two major quakes in human
history, both in terms of intensity and destruction. While not much headwayekasmade
with respect to earthquake hazard and its mitigationeeblstudies iINER, study based on
literature survey to be carried out is very much relevanth& present seismicity and
seismotectonics scenario which not only identify éineas where most emphasis is needed
but also will act as path finder for furthglanning on R & D feature$n this context the -
tional Workshop on Earthquake Risk MitigatiStrategy in the Northeast held in Guwahati
on 24th25th February 2011 discuss#te various problems and challenges of heprake
risk management and fram#te Roadmap for the same. One of the recommendations of the
said roadmap isoordination of earthquake hazard assessment studies. The technicat-commi
teeformed in Assam, to review & recommend actions regarding Roadnegrtbfjuake risk
mitigation in Northeatern India, decided that proposals frémowledge Institutes of the
state of Assam should be collected to makitesature survey of earthquake hazard asses
ment studies in Ndneastern India.

1.2 Project Summary:

The Northeast Indiaagion is one of the most active zones in the world; the region
is jawed between the two arcs, the Himalayan arc to the north and thBundese arc to
the east (Fig 1). The region bounded by latitud®X and longitude 9®8°E, produced
two great eahltquakes (M> 8.0) and about 20 large earthquakes (80N since 1897
(Fig.1). The Shillong Plateau was the source area for the 1897 great earthquake M 8.7, and
the Assam syntaxis zone for the 1950 great earthquake M 8.6 (Fig.1l). Several large
earthquakesccurred along the IndBurma ranges.

Earthquake is only natural disaster, which cannot be predicted till now andcmay o
cur at any time and priglamed strategies for rescue of life and property are not possible and
hence devastation causes nmaxxim than other natural disaster. So, earthquake disaster mit
gation and responses takes an important role to reduce the destruction of life and property.

A mitigation strategy is one of the prime concepts in order to reduce the hazard.
This includes land use regulations, seismic construction and retrofit codes, improved eng
neering practices and simultaneous basic research on earthquake seismology. Effective mit
gation will result in the avoidance of many losses that could result from futuhe)eakes.
Additionally, although mitigation measures do provide considerable protection, one of the
key features of earthquake disasters is that they produce unanticipated impactsrthat ove
whelm the coping capacities of affected social units.
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Task group constituted by Assam State Disaster Management Authority (ASDMA),
Dispur, Guwahati, Assam for preparing basic reference document by launching literature
survey of available earthquake hazard assessment and mitigation related studies-in Nort
easternregion for finding out what is available and the gaps if any. Pertaining to figure r
search program towards earthquake mitigation aspect, this survey would framéradr&nc
for future further research program.

Several workers worked on varioresearch topics related to earthquake seismology
which delivered the prime input to the earthquake hazard mitigation approach in Nertheas
ern India. However, the studies may lack some of the crucial inputs which still remain une
plored. These inputs aretyto be ascertained. Incidentally, this survey will portray the status
of present scenario on earthquake hazard mitigation related studies and the gaps il-any avai
able.All these answers are detailed in Chapter 7.

CHAPTER 2: DATABASE

2.1 Literatures pertinent to Earthquake Hazard Assessment

List of bibliographic references (alphabetic) published in varidaisonal and hterra-
tional journals related tearthquake hazard assesmueitich are the prime inputs to the
Seismic Hazard Asesment studs in Northeastern India and its vicinity. A graphical prese
tation is made alongwit(based on database so far gathered

A compilation of papers on the Assam earthquake of August 15, 1950. Dibrugarh IJnivers
ty.
Acharyya, S.K., Ghosh, S.@nd Ghosh, R.N. (1983). Geological framework of the Eastern
Himalaya in parts of Kameng, Subansiri, Siang districts, Arunachal Pradesh. Geol.
Surv. India, Misc Pub. No. 43, pp. 1452.

Acharyya, S.K., Mitra, N.D. and Nandy, D.R. (1986). Regional geoéygi/tectonic setting
of Northeast India and adjoining region. Geol. Surv. India Mem. 119,261

Acharyya, S.K. (1986). Tectorsiratigraphic history of Naga Hills Ophiolites. Mem. Goel.
Surv. Ind., Vol. 119, pp. 9403.

Acharyya, S.K., Ray, D.K. and 8lia, N.D. (1986). Stratigraphy and Palaeontology of Naga
Hills Ophiolites. Mem. Geol. Surv. Ind., Vol.119, pp-B4.

Acharyya, S.K., Ray, K.K. and Ray, D.K. (1989). Tectono Stratigraphy and emplacement
history of the ophiolite assemblage from Nagls land Andaman Island Arc, India.
Jour. Geol. Soc. India, Vol. 33, ppl8.

Acharrya, Subhrangsu K. (2007). Collisional emplacement history of the MRagaman
ophiolites and the position of the eastern Indian suture. J. Asian Earth Sciences, Vol.
29 (2007), pp. 22242.

Acharrya,Subhrangsu K. and Saha, Puspendu (20B8plogical setting of the Siang Dome
located at the Eastern Himalayan Syntaxis. Himalayan Journal of Science, Vol.5, Issue
7(Special Issue).

Adams, B.A., Hodges, K.V., Soest, M.C. vand Whipple, K.X. (2013). Evidence for &i
ceneQuarternary normal faulting in the hinterland of the Bhutan Himalayao-lith
sphere, Vol. 5, No. 4, pp. 43B19.

Agarwal, P.N. (1986a). Damage of two RCC bridges during Dec 31, 1984 Cachar Eart

guake, Northest India. Bull. Ind. Soc. Earthq. Tech., Pap. No. 246, Vol. 23, No. 1,
pp. :16.
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Aki, K. (1957). Space and time spectra of stationary waves with special reference to micro
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Alam, M.M. (1991). Paleoenvironmental study of the Barail succession exposedhn nort
easern Sylhet, Bangladesh. Bangladesh J. Sci. Res.] 325
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2.2 Impact factor analysis of the literatures

In case of publication pertaining the subjectGeology, Seismology, Geodesy, Seismic
Hazard, Earthquake Precursor, Geophysics, Geotechnical, t®erBensing and
Palaeoseismology, it has been obsemhedthere are several papers already been published
by various researchers from India and abroad. Most of these are published in SCI Journals
only.

Significant contributions are made by numbers of researchers on the Geology, most of
which are pblished in journal having IF<1.0 only and very few are publishatienJournal
having IF>10 (Fig. 1a).
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So farthe subject of Seismologg concernedpublications are evenly distributed in
almost all the the ranges of impact factor. Buly a few publicationsare found to be
publishedn the range of impact factorIL5 and 34. Out of the total nmber of publications,
the highest number of publicationgéound in low IF journal ie. ~-Q.0while significantly
there are some publications placed inltheange 2.5 3.5.
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Regarding the subject of Geodetic, very fimsearctpapersare published that to in
the range of irpact factor 61 and 2.54. There is agap inthe rangel-2.5 indicating the
number of publications to be one or twRelatively less study reflect further scope in this

particular sbject.
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Very few papers have been publistoedthe subjectSiesmic Hazard. The figure here
is showing that out of the published papers mostly are in the range ohpact factor 2.

A few studiesare published in journal having intermediate range impact factor equivalent to

2.5 onwards. There are ample opportunity still exist towards classic work.
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The number of publications pultlied on the subject, Earthquake Precursor is very
few. Out of these publications a few are in the rangeafid 13.5. Significantly not much
precursory related studies are carried out which indicatgde scope of further study.
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Publications on Geophysics are very f@mdmost of which are published in the
jounalshavingimpact factoranged betwee®-0.5. A few publications are published in
intermediate IF journals which are relatively less in numbBesarth of geophysical studies
as observed from the figure indicates requirement of more geophysical surveys.
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Less than few publications are published on the subject, Geotechnical which are in
the range of impact factor@5. As such large scope pertains to Geotechnical esudi
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The figure here is showinghat the published papers on Remote Sensing is very less
havingimpact factor in te range @L. This indicates that more studies are needed towards

this paticular subject
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Very few papers on thsubject, Paleoseismology has been publistaethg impact
factor in the range-0.5 and 2.8.5. Also, a small number of papers arensgethe range

greater thaF ~4. However towards development of recurrence period, much more indepth

studies on palaseismology is needed.

PALEOSEISMOLOGY

c
2 3
=
=1
£ o L
S B B R B B T S -
6 © h = h o th oo uh
Z O O = = o~ o ™m ™m
Impact Factor
(Fig: 9a)

No. of Publication

O R= N W

PALEOSEISMOLOGY

NN

5 N, O N9 D9 NN
* 4 0 7 «° 4 o s ‘?
0T N NT A AT 2700

Impact Factor

48

(Fig: 9b)



CHAPTER 3: METHODOLOGY

3.1 Objectives:

O«

To create high quality dalbase based on literature survey related to earthquake
hazard and its mitigation related studies.

To determine standard benchmark required for Earthquake Hazard Assessment
Studies.

O«

3.2 Procedure:

Literature survey had been done basedhe collection of literatures from different
sources. Collections of literatures are drawn from different institutions like Gauhati
University, hdianlnstitute ofTechnologyGuwahatj AssamEngineeringCollege Guwahatj
Manipur University and Dibrugarh Wrersity locally. Numbers ofresource persons are
contacted for theecessaryeprints they have publisheSimultaneously, rigorousearch had
been made through thaternetto collectthe literatures related to the project. With the
collection of literatires a list had been mada part of which had been uploaded in the
website. The liteaturesarefurther segregated subjegse Then impact factor analysis of the
literatures had been made and a list of literatures having impact factor greater than 2 had
been selected. A list of abstracts of these literatures was made which had been further
reviewed. Likewise, a survey on earthqudlezard assessment studies was made in high
seismically active zones around the world like USA, TAIWAN, IRAN and JAPAN.
Furthemore, critical parameters had been evaluated by comparing the studies carried out in
Northeast India and other countries. Henceforth, with these studies an estimation of
parameters that needed furthesearch was made.

CHAPTER 4: SURVEY OF LITERATU RES IN NE INDIA

4.1 ABSTRACTS OF MOST VALUABLE LITERATURES ON EARTHQUAKE
HAZARD ASSESSMENT (Impact Factor>2.0 ; Part 1)

Abstractsof the various research publications on seismological and seismic hazdrd stu
ies in and around Northeastern imdhaving impact factor above®are carried out. The
prime findings in each of the studies are considered as the inputs to the seismic hazard
assesement in the region. These parameters are indicated below.

1 Anomalous behaviour of precursor resistivity inShillong area, NE India. J.R.Kayal
and B. Banerjee.Geophysical Journa(1988)94,97-103.

Abstract:

Daily measurement of apparent resistivity from 1984 May to 1985 October in
Shillong Plateau, India, has been carried out for an earthgquakarsor sidy. The resistiv
ty changes which occur 7 to 10 days before earthquakes do not necessarily satisfy the
dilatancy hypothesis, which, of late, has been subjected to criticisms of not being & genera
ized prenomenological explanation of precursor resistiwgriation. Prior to earthquakes,
resistivity may increase or decrease or may not even show any change dependingien the or
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entation of measuring electrodes, the elastic nature of the geological formation where obse
vations are made and the direction ofdeat stress.

Key words:Earthquakes, NE India, precursor study, resistivity method.

1 An analysis of the gravity field in Northeastern India. R.K. Verma, Manoj

Mukhopadhyay. Tectonophysicd/olume 42, Issuesi2i, 20 October1977,Pages283
317.

Abstract:

Northeasternndia compriseseveralmajortectonicunitsincludingthe Shillong Pla-
eau,the Upper and Lower Brahmaputra(/Assam)Valleys, the NortheasterrHimalaya, the
NagaHills andthe BengalBasin.Thearealies appraimatelybetweenatitude23i 28°N, and
longitude88i 96°E. A revisedBougueranomalymapof the areawith nearly400 new obse-
vationsis presentedA PrattHayford isostaticanomalymapusingall availableinformation
is alsogiven. The whole areashowsa largevariationin gravity anomaliesBougueranona-
lies showa variationfrom +40 mGal over the Shillong Platea to 1 250 mGal overthe north-
westernpart of the Upper AssamValley. Isostaticanomaliesalso show a variation, from
+100 mGal over the Shillong Plateauto 1 125 mGal in the AssamValley. A study of the
Bougueranomalymapshowsthatthe gravity field is considerablyinfluencedby low-density
sedimentoverlying the AssamValley aswell asthe BengalBasin.A geologicalcorrection
for thesesedimentswas computedfor a few selectedprofiles for which geologicalinfor-
mationwasavailable from seismicandborehole dataalongthe UpperAssamValley andthe
BengalBasin. The magnitudeof the geologicalcorrectionwasfoundto be of the orderof 50
to 100 mGalfor the AssamValley and40 to 130 mGal for the BengalBasin.Modelsfor the
crustand mantleunderlyingthe Shillong Plateauthe Upper AssamValley and the Bengal
Basinwere constructecconsideringthe natureof geologicallycorrectedBougueranomalies
as well asisostaticanomalies.Gravity datasuggestthat the crust underlyingthe Shillong
Plateaus probablydensemswell asthickerthannormalfor its elevation.The AssamValley
may overlie a crustwhich is thickerthannormalfor its topographyandthe crystallinesolid
crustunderlying a large thicknessof sedimentf BengalBasin could be denseraswell as
thinnerthanthenormalcontinentalkcrust.

Key words: Bouger anomaly; isostatic anomaly; gravity anomaly.

1 A deterministic seismic hazard map of India and adjacent areasmtiyaz A. Parvez,
Franco Vaccari and Giuliano F. PanzaGeophys. J. Int(2003)155,489 508.

Abstract:

A seismic hazard map of the territory of India and adjacent areas has been prepared
usinga deterministic approach based on the computation of synthetic seismograms complete
with all main phases. The input data set coss$istructural models, seismogenic zones, f
cal mechanisms and earthquake catalogues. There are few probabilistic hazard meaps avall
ble for the Indian subcontinent, however, this is the first study aimed at producing-a dete
ministic seismic hazard map ftre Indian region using realistic strong ground motiordmo
elling with the knowledge of the physical process of earthquake generation, the level of
seismicity and wave propagation in anelastic media. Synthetic seismograms at a frequency of
1 Hz have beenamerated at a regular grid of 8.2 by the modal summation technique.
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The seismic hazard, expressed in terms of maximum displacemert (mnaximum velocity

(Vmax), and design ground acceleration (DGA), has been extracted from the synthetic signals
and mapped on a regular grid over the studied territory. The estimated values of the peak
ground acceletion are compared with the observed data available for the Himalayan region
and are found to be in agreement. Many parts of the Himalayan region havedl(@eA &-

ceeding 0.6 g. The epicentral areas of the great Assam earthquakes of 1897 and 1950 in
northeast India represent the maximum hazard with DGA values reachirg3l@ The

peak velocity and displament in the same region is estimated ag 1Z20cm g 1 and 60

90 cm, respectively.

Key words:Design ground acceleration, deterministic modelling, Indian region, seismic ha
ard, synthetic seismograms.

1 A rupture model for the great earthquake of 1897, northeast IndiaV.K. Gahalaut
and R. Chanaer. TectonophysicsVolume 204, Issuesli 2, 30 March 1992, Pages 163
174.

Abstract:

We assume that the unufiyaleep, extensive and lorgsting floods of 1897 along
the section of the Brahmaputra River north of the western Shillong plateau were due to local
ground subsidence associated with the great earthquake which occurred on June, 12 of that
year in the wegrn part of northeast India. Numerical simulations of grelendl changes
due to slip on a buried loangle thrust fault, dipping due north, then show that the northern
limit of the rupture zone of this earthquake should have been along\Wédwing Brah-
maputra River, about 40 km north of the northern edge of the Shillong plateau and about 70
km south of the Himalayan mountain front. A similar interpretation of a ground tilt gbserv
tion suggests that the western limit of the 1897 rupture zone wasth®mgestern margin of
the Shillong plateau. The-® and NS dimensions of the rupture zone are estimated to be
170 km and 100 km respectively, so that it enclosed the western half of the Shillong plateau
and areas north of it up to the Brahmaputra RiVee rupture depth could not be estimated
from the available data on groutelel changes, and was constrained at 15 km beneath the
souhern margin of the Shillong plateau, on other evidence. The above thrust fault should be
of the nature of a detachmentraidcrustal depth, which arose because the continental crust
assoated with the Indian Shield terrains of the Shillong plateau and Mikir Hills immediately
to the east could not subduct under the continental crust of the Eurasian plate to the north and
eas. It is tentatively suggested that, although this detachment may extend under #ie Him
laya, it may not be the detachment on which the great earthquakes of 1905, 1934 and 1950
have occurred in the northwestern, central and eastern Himalaya, respedtigedysd sg-
gested that a distinction should be made between the seismicity of the Himalaya and the
seismicity of the Himalayan convergent plate margin (HCPM). An earthquake of tree Him
layan seismic belt is also an earthquake of the HCPM, but the come=denot hold true.
Since the inferred northern limit of the 1897 rupture zone is about 70 km south of tae Him
layan mountain front, it is suggested that this earthquake belongs to the HCPM but not to the
Himalayan seismic belt. Thus, conservatively, srme& gap of about 700 km may exist
along the Himalayan seismic belt between the eastern and western limits of the ruptures
zones of the great 1934 and 1950 earthquakes respectively.

Key words: Lowangle thrust fault; rupture zone; detachment; ruptureeinod
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1 A seismic hazard map of India and adjacent areask.N. Khattri, A.M. Rog-
ers, D.M. Perkins and S.T. Algermissen TectonophysicsVolume 108, Issuesli 2, 10
September 1984, Pagesid®8,111i 134.

Abstract:

We have produced a probabilistic seismic hazard map showing peak groundaacceler
tions in rock for India and neighboring areas having a 10% probability of being exceeded in
50 years. Seismogenic zones were identified on the basis tiridat seismicity,
seismotectonics and geology of the region. Procedures for reducing the incompleteness of
earthquake catalogs were followed before estimating recurrence parameters. An eastern
United States acceleration attenuation relationship was getplafter it was found thah-
tensity attenuation for the Indian region and the eastern United States was similargThe lar
est probabilistic accelerations are obtained in the seismotectonic belts of Kirthar, Hindukush,
Himalaya, ArakarYoma, and the Shillog massif where values of over 70% g have been
calculated.

Key words: Seismic hazard; peak ground accelerations; historical seismicity;
seismotectonics; geology.

1 A seismotectonic study of the Burma and Andaman arc regions using centroidan
ment tensor dat. M. Ravi Kumar, N. Purnachandra Rao and S.V. Chalam.
Tectonophysics, 253 (1996)55165.

Abstract:

The concept of a "mean slip angle" is introduced. This enables a classificatmn of f
cal mechanisms in any region into predominantly stsike thrus and normal categories.
Based on this concept, the Harvard Centroid Moment Tensor (CMT) data, in the Burma and
Andaman arc regions from 1977 to 1992, comprising 167 focal mechanism solutions, are e
amined and categorized. Distinct trends on the surfageradepth sections emerge ox- e
amination of these categories. For instance, in the Burmese arc there is a clear segregation
along the slab between strikgp type mechanisms down to a depth of about 90 km and
thrust events which occur exclusively beldvistdepth. In addition, a study of Bnd T-axis
orientations inttates that the stress pattern in the subducted slab is different from that farther
east. Whereas the P axes of the thrust and stlifxenechanisms in the slab show a predo
inantly NNE treml, commensurate with the direction of motion of the Indian plate with r
spect to the Enasian plate, those in the region to the east, show, interestingly, an average E
W-oriented compressive regime. The northern and southern parts of the Andaman are region
exhibit distinct tectonic patterns. Whereas in the southern part the disposition of fobal mec
anisms along the slab and the &d Taxis orientations indicate active subduction, the
mechanisms in the northern part exhibit a peculiar segregation intersla$ thrust, normal
and strikeslip types, without conforming to the local trend of the arc. A similar study in the
western Aleutian trench region indicates a much simpler subduction pattem.

Key words:Centroid moment tensofpcal mechanisms; strikgip, thrust and normal cet
gories.

52


http://www.sciencedirect.com/science/article/pii/0040195184901562
http://www.sciencedirect.com/science/article/pii/0040195184901562
http://www.sciencedirect.com/science/article/pii/0040195184901562
http://www.sciencedirect.com/science/article/pii/0040195184901562
http://www.sciencedirect.com/science/article/pii/0040195184901562
http://www.sciencedirect.com/science/journal/00401951
http://www.sciencedirect.com/science/journal/00401951/108/1

1 Constraints on the structure of the Himalaya from an analysis of gravity anomalies
and a flexural model of the lithosphere. H. LyorCaen and P. Molnar. J. Geophys.
Res. (1983), 88(B10), 8178191, D0i:101029/JB088iB1p08171.

Abstract:

The intracontinental subduction of India beneath the Himalaya presents several sim
larities to that occurring at island arcs. We study one of those similarities by analyzing grav
ty anonalies across the Himalaya assuming that the tagagr is supported by the Indian
elastic plate, flexed under the weight of both the overthrust mountains and the sediments in
the Ganga Basin. We first examine in detail the effects of each of the following parameters
on the configuration of the elastic aand on the gravity anomalies: the flexural rigidity, the
position of the northern end of the elastic plate (the amount of underthrusting of such a plate
beneath the range), and the density contrasts between the crust and mantle and between the
sedimentand the crust. A plate with a constant flexural rigidity of about 0.7x1025 Nem (b
tween 0.2 and 2.0x1025 N m) allows a good fit to the data from the Lesser Himalaya and the
Ganga Basin. Such a plate, however, cannot underthrust the entire Himalayal, litea
gravity anomalies show that the Moho steepens from only about 3° beneath the Lesser Him
laya to about 15° beneath the Greater Himalaya. This implies a smaller flexural rigidity b
neath the Greater Himalaya (0.1 to 1.0x1023 N m) than beneath the Basm and the
Lesser Himalaya. Even with a thin, weak plate beneath the Greater Himalaya, the weight of
the mountains depresses the plate too much unless an additional force or moment is applied
to the plate. The application of a bending moment/unittlketmthe end of the plate of about
0.6x1018 N m is adequate to elevate the Indian plate and to bring the calculated gravity
anomalies in agreement with those observed. Both, the smaller flexural rigidity anddhe ben
ing moment can be understood if we assuhat part or all of the Indian crust has been d
tached from the lower lithosphere that underthrusts the Greater Himalaya. We study the te
tonic implications of these results by means of a series of idealized balanced cross sections,
from the collision ¢ the present, that reproduce several important features of the geology of
the Himalaya and predict an amount of eroded material comparable to that in the Ganga B
sin and the Bay of Bengal. These cross sections includeghégle metamorphic rocks near
the Main Central Thrust and a steeper dip of it there than in the Lesser Himalaya. &hey pr
dict rapid uplift only in the Greater Himalaya and at the foot of the Lesser Himalaya.

Key words: Intracontinental subduction; elastic plate; flexural rigidity; der=intrasts;
bending moment.

1 Crustal structure of Bengal Basin and Shillong Plateau: Extension of Eastern Ghat
and Satpura Mobile Belts to Himalayan fronts and seismotectonics. R.Rajasekhar
and D.C. Mishra. Gondwana ResearchVolume 14 (3)Elsevieri Oct 1, 2008.

Abstract:

Gravity data from the East India and the Bangladesh are processed and camapiled t
gether to provide a composite complete Bouguer anomaly map oéginos.r Modelling of
gravity profiles across the East Indian Shield (Chhotanagpur Granite Gneiss Complex,
CGGQO), the Shillong Plateau and the Bengal basin in Bangladesh, constrained from seismic
studies sggest crustal thickness of 338 km and thrusted high density rocks in the rn&dd
crust under the East Indian Shield reducing t©320km with thick sediments of 124 km
under Bangladesh. Reduced crustal thicknesemuBangladesh is attributed to oceanic type
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of crust, which is connected to Indian continent along Hinge zone obidzact by linear
gravity highs connecting east coast of India to the Shillong Plateau. Thrusted high density
rocks under the CGGC and the Shillongt®a are in comparison to those under the Eastern
Ghat and the Satpura Mobile belts (EGMB, SMB) respegtisaggest the north ward and
east ward extssions of these orogenies. Margins of the thrusted block under Shillong Plateau
when projected on surface coincide approximately with the south dipping Dauki and the
Brahmaputra faults which coincides with cehtralge due to lithospheric flexure ir@ting

their surface expositions.

Keywords: Shillong Plateaulithosphericflexure Bengal basin hinge zone Satpuraand
EasternGhatmobile belts.

1 Crustal structure variations in northeast India from converted phases. M.R. K-
mar, P.S. Raju, E.U. Devi, J. Saul and D.S. Ramesf@eophys. Res. Lett. (2004), 31,
L17605, D0i:10.1029/2004GL020576.

Abstract:

Teleseismic receiver functions from a ten station network deployed in northeast India
region sampling the Shillonglateau, Mikir Hills, Himalayan foredeep and the Himalayan
convagence zone, are analyzed to obtain the crustal structure in this seismically active but
less studied region. The Shillong plateau and Mikir hills, away from the convergent margins,
reveal renarkably simple crust with thicknes®35 km) and Poisson's rati®@.25), akin to
the Indian shield values. A surprisingly thin crust for the uplifted Shillong plateau may be
explained invoking presence of an uncompensated crust that popped up in response to tecto
ic forces. In contrast, crted signatures from Assam valley suggest a thicker crust and higher
Poisson's ratio with evidences for a dipping Moho. Predictably, the crust is much thicker and
complicated in the eastern Himalaya further north, with values in excess of 50 km.

Key words: Converted phaseseleseismic receiver function; Poisson's ratio; Indian shield
values.

91 Crustal properties in the epicentral tract of the Great 1897 Assam Earthquake,
Northeastern India. S. Mukhopadhyay, R. Chander and K.N. Khattri.
Tectonophysics (1997283, 311330.

Abstract:

The velocity structure for the upper and middle crust in the epicentral tract of the
Great 1897 Assam Earthquake (western half of the Shillong massif) was estimate@-using |
cally recorded microearthquake data. The relatively dgeneous upper crustal layer has P
and S wave @ocities of 5.9 40.2 and 3.4 40.1 km/s, respectively, with a thickness of 11 to
12 km. The average P and S wave velocities in the middle part of the crust down to a depth
of about 26 km were estimatedlie 6.3 4 0.6 and 3.5 40.2 km/s, respectively. The larger
scatter in P velocity estimate of the rudistal layer was investigated using synthetiavexa
ples. Our preference is for the model in which this crustal region is assumed to comprise of a
number @ thin layers with alternate low and high seismic velocities. From theoretioal co
siderations we confirm that it is possible to estimate the velocity structure for a horizontally
layered model using the velocity estimation procedure (a combination of Hoat\W
Riznichenko and Bune method) we have used. We also carried out detailed model analysis to
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check how effective this velocity estimation procedure is for the type of array data we have.
Combining the estimated velocity structure with our earlier wasrkseismicity of this area

we propose that the upper homogeneous crustal layer in the Shillong massif may be moving
relatively southward across an intracrustal thrust zone. We suggest that the Greas-1897 A
sam Earthquake may represent the most recentdep@ahis relative southward movement

of the massif.

Keywords: Shillong massif; velocity; Great 1897 Assam Earthquake; Riznichenko method.

1 Crustal structure and earthquake focal depths beneath Northeastern India and
Southern Tibet. Supriyo Mitra, Keith Priestley, Anjan Kr. Bhattacharyya and V.K.
Gaur. Geophys. J. Int. (2005) 160, 2248.

Abstract:

We use broathand teleseismic data recorded at eight sites along asmuth profile
from Karimganj (24.824N, 92.34 E), south of the eastern Shillondgafeau, to Bomdilla
(27.27N, 92.42E) in the Eastern Lesser Himalaya, to determine the seismic characteristics
of the crust in Northeastern India. We also analyse data from the Chinese Digital Seismic
Network sttion at Lhasa and INDEPTH Il stations &ed on the southern Tibetan Plateau
north of our profile, to extend the seismic images of the crust further northwards. Although
the northeaern Indian and the Tibetan stations do not lie along a linear profile across the
Himalaya, the wellecognised uiformity of the Himalaya along strike make this comparison
of the two profiles meaningful. Receiver functions calculated from these data show that the
crust is thinnest (~ 388 km) beneath the Shillong Plateau. Receiver functions at
Cherrapuniji, on the sthern edge of the Shillong Plateau, have a strong azimuthalddepen
ence. Those from northern backazimuth events show that the Moho beneath the southernmost
Shillong Plateau is at a depth of ~38 km while receiver functions from southern backazimuth
events mdicate that the Moho beneath the northern most Bengal Basin is at a depth of ~ 44
km. Receiver functions from sites on the Brahmaputra Valley demonstrate that the Moho is
deeper by ~& km than below the Shillong Plateau, a result which agrees with ploghiegis
that the SHlong Plateau is supported by shearing stress on two steep faults that cut through
the crust. Further north of the eastern Himalayan foredeep, the Moho dips gently northwards,
reaching a depth of ~48 km beneath Bomdilla in the Lesspaldya, and 88 km below Bk
sa in Tibet. Using the crustal velocity models obtained from receiver function inversions, we
redetermined focal depths of welecorded earthquakes across this part of the-Tnetan
collision zone and find all of these toane within the crust. Hence we find no evidence for
bimodal depth distribution of earthquakes beneath this region of northeastern India.

Keywords: Crustal structure; earthquake depths; Eastern Himalaya; India; Shillong Plateau;
Tibetan Plateau.

1 Deep geelectric structure over the Lower Brahmaputra valley and Shillong Pl&
eau, NE India using magnetotellurics. S.G.Gokarn, G. Gupta, D. Walia, S.S.
Sanabam and Nitu Hazarika.Geophys. J. Int(2008)173,92 104 doi: 10.1111/j.1365
246X.2007.03711.x.
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Abstracts:

Magnetotelluric studies over the Shillong plateau and lower Brahmaputra sediments
havedelineated the Dauki fault as a NBWV striking thrust zone with a dip angle of about
3, along which the low resistivity layer of Bengal sediments and the wmitgrbceanic
crust subduct to the northwest. At present, about 50 km length of these sequencés has su
ducted beneath the Shillong plateau and is traced up to depth of about 40 km. Another thrust
zone, sub parallel to the Dauki thrust is observed in therld@vahmaputra valley, ca¥
sponding to the Brahmaputra fault. This is interpreted to be an intracratonic thrust within the
Indian plate. These results suggest that a large fraction of the seismicity over the Shillong
plateau is associated with the NBV driking Dauki thrust, contrary to the earlier belief that
this fault zone is relatively aseismic. The present studies also suggest that the Shittong pla
eau and the adjoining sedimentary layers act as a supracrustal block, not directly participating
in the subduction process. However in response to the compressive tectonic forces generated
by the Himalayan and IndBurman subduction processes the Shillong plateau, together with
the Brahmaputra sediments overlying the Indian crust drift eastwards relathe Bengal
sediments along the surface expression of the Dauki fault leading to a dextral strike slip
movement. We thus propose that the NE Indian crust responds to the compressivefforces di
ferently at different depths, governed by the rheological cersiidns. At deeper levels the
crustal readjustments take place through the subduction along the Dauki and Brahmaputra
thrusts where as, at the shallow levels the relative deformability of the supracrustal blocks
have a strong influence on the tectoniesding to the strike slip mechanism along the su
face expression of the Dauki fault.

Key words: Magnetotelluric studies;apelectric structurethrust zone; intracratonic thrust;
aseismic.

91 Deep structure and tectonics of the Burmese Arc: Constraints fronearthquake and
gravity data. M. Mukhopadhyay and S. DasGupta.Tectonophysics (1988), 149, 299
322.

Abstract:

Active subduction of the Indian plate is currently occurring beneath the Burmese arc
along an east dipping Benioff zone which extends to a ad@thout 180 km. The overriding
Burma plate has an appearance of an inland seismic slab that is deflected downwards in the
vicinity of the Benioff zone. A crustal seismic zone some36km east of the Benioff zone
correlates to backarc activity. A trianfar aseismic wedge in the top part of the crust outlines
the Central Belt molasse basin east of the Burmese foldbelt. Fault plane solutions show that
the Burmese Benioff zone is characterized by shallow angle thrusting at its upper edge
whereas dowtip tensional events dominate its lower edge. Most of the backarc seismicity is
accounted for by the Sagaing transform or by the activity of the Shan scarp normal fault zone
at the margin of the Asian plate. A gravity anomaly pair with amplitude of 175 mGual coi
cides with the 1100 km long Burmese arc lying in a nedhth direction. The gravity ano
alies along a profile in central Burma and in adjacent areas of the Bengal basin ard-interpre
ed in terms of plate subduction as well as reaface mass anomalieBhis suggests that
sedments below the Central Belt may have an average thickness of the order of 10 km but
may be as thick as 15 km at the subduction zone. The oceanic crust underlying deeper parts
of the Bengal basin experiences phase transition at 80dum depth in a Benioff zone anv
ronment east of the Burmese fold belt. Several thrust planes are present within the folded

56



and deformed Cretaceaciertiary sediments of the fold belt; these are often associated with
ophiolites and basic to ultrabasiocks. A low density zone, at least 60 km wide, underlies
the andesitic volcanic axis in the overriding plate.

Key words: Gravity data; Benioff zone; triangular aseismic wedge; Sagaing transform fault;
Shan scarp normal fault; backarc seismicity.

1 Deformation of the subducted Indian lithospheric slab in the Burmese arc. N.
Purnachandra Rao and Kalpna. Geophysical Research Letter§/olume 32, Issue
5, March 2005,Doi: 10.1029/P04GL022034.

Abstract:

Stress inversion of focal mechanism data in the Burmese arc region indicates distinct
stress fields above and below 90 km along the subducted Indian lithospheric slab.gn the u
per pay@amn.gaxestrend BNE and ESE respeely, in conjunction with the ambient
stress field of the Indian plate. However, in the lower part of the slab there is no preferred
orienat i on pofr,alhees .0 but a axisigobaeeved thatterfds steepty U
in the downdip directon. It is inferred that while the upper part is governed by the NINE or
ented horizontal plate tectonic forces, the lower part is governed entirely by tensile forces
due to gravitational loading on the subducted slab. A model of attempted slab detachment at
the base of the lithospheric contact zone is suggested, which is supported by results of high
resolution seismic tomographic studies in this region.

Keywords: Stress inversion; focal mechanism; ambient stress fieldrdsglution seismic
tomography.

1 Earthquake focal mechanismstudie A review. Kailash Khattri . Earth-Science R-
views Volume 9, Issue IMarch 1973,Pagesl9i 63.

Abstract:

This article reviewsthe devdopmentof the study of the focal mechanisnof eart-
guakesTherepresentationf focusby point andfinite sourcesarereviewed.The useof ini-
tial motion and spectralamplitudeof P-waves,the polarizationof S-wavesandthe applica-
tion of numericalmethodsin determiningoptimum solutionsarediscussedA surveyof the
recentadvancesn the applicationof surfacewaves,free oscillationsand static dislocations
for the determinatiorof focal mechanismss given. A brief outline of the majorresultsof the
interpretationof the focal mechanisnsolutionof earthquakes termsof regionalstressdis-
tributionsandthe geodynamigrocessethatarecurrentlytakingplaceis alsoincluded.

Key words:Focalmechanismspectralmplitude;polarization.
1 Earthquake focal mechanisms, moment tensors, and the consistency of seismicvacti

ity near plate boundaries. C. Frohlich and K. D. Apperson.Tectonics (1992), 11(2),
279 296, D0i:10.1029/91TC02888 (http://dx.doi.org/10.1029/91TC02888).
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Abstract:

Catalogs of mment tensors for more than 8000 earthquakes provide a more objective
and complete description of the earthquake source than do focal mechanisms derived from
first motions, and therefore momeenhsors provide a valuable resource for tectonic analysis.
We here present background information about the properties of moment tensorsrand exa
ples of moment tensor analysis. We also introduce a new statistic, the seismic consistency
Cs, which measures the similarity of earthquakes within a group. Cs is 1.0hfuedes are
all alike and 0.0 if they cancel one another. Triangle diagrams provide a practical method for
defining the fraction of normal, strikdip and thrust fault components for an earthquake and
are a new graphical method for displaying source ptigseof groups of earthquakes. We
apply these methods to the Harvard centroid moment tensor catalog to study the characteri
tics of shallow earthquakes (<50 km depth) within 200 km of typical +idgesform and
subduction zone plate boundaries. In thisywwe have reached four major conclusions.
First, even along relatively simple plate boundaries, there is considerable variation in the type
and orietation of earthquake mechanisms. Second, along individual plate boundaries, groups
of thrust, normal, ostrike-slip earthquakes generally have Cs equal to 0.8 or higher. Thus for
many types of tectonic analyses it is unnecessary to add moment tensors to study seismic d
formation; rather, it is sufficient to add scalar earthquake moments of the individagéd.eve
Third, moment tensors for some individual earthquakes are quite different from tlhese pr
duced by slip along a planar fault. However, summing up moment tensors shows tleat the d
formation pattern produced by groups of earthquakes is generally mofaulikslip than the
pattern of typical earthquakes within the group. Fourth, by dividing the sum of moments by
the velocity of plate motion and the length of the boundary, we calculate fRe efficiency
of seismic moment produced along individual plaveindaries. For the 12.75 years of data
available, normal fault earthquakes along spreading ridges produce moment less efficiently
than strikeslip earthquakes along transforms. These in turn produce moment less efficiently
than thrust earthquakes alondpduction zones.

Key words: Moment tensors; focal mechanisms; seismic consistency; Harvard cemtroid m
ment tensor catalog; scalar earthquake moments.

1 Earthquake mechanisms and tectonics in the AssaiBurma region. B.K. Rastogi J.
Singh and R.K. Verma. TectonophysicsVolume 18, Issues3i 4, July 1973, Pags
355 366.

Abstract:

Eleven new focal mechanisms from earthquakes in the ABsama region have
been determined usingwWave firstmotion directions reported in thaulletinsof the Interna-
tional SeismologicalCentre (Edinburgh) Out of them, eight nehanisms indicate thrust
faulting, two normal faultings and one strikip faulting. In the thrust type of meafism
solutions, sense of motion on the shallow dipping of the two nodal planes is consistent with
underthrusting beneath the dilee mountainranges. Seismic slip vectors strike imast
northerly direction along the eastern Himalayas and in almost easterly direction along the
Burmese arc. A predominance of thrust faulting is consistent with geological evidences of
thrusting and uplift in the irhalayas and the AssaBurma region.

Key words: Focal mechanisms; thrust faulting; normal faulting; stskp faulting; nodal
plane.
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1 Earthquake mechanisms in the Himalayan, Burmese, and Andaman Regions and
continental tectonics in Central Asia. T.J. Fich. J. Geophys. Res. (1970), 75(14),
2699 2709, D0i:10.1029/JB075i014p02699.

Abstract:

Focal mechanisms are presented for thirteen earthquakes between Hindu Kush and
Sumatra, including four shallefocus events along the Himalayan mountain front and two
events at intermediate depth beneath the Burmese mountains. All mechanisms are based on
first-motion P- andS-wave data recorded by lofggriod instruments. The mechanisms along
the Himalayan front confirm the existence of thrust faulting for which tisgpestMesozoic
geologic evidence. Additional evidence for thrust faulting in central Asia comes from focal
mechanisms based on other seismic data published recently by Russian investigators. The
axis of minimum compression (thE axis) at intermediate @¢éhs beneath the Burmese
mountains is oriented approximately down the dip of the seismic zone, &saaes atn-
termediate depths in several other seismic zones. A mechanism solution consistent with
strike slip faulting and another consistent with norfaalting were derived from two sha
low earthquakes in western China. One shallow earthquake within the Himalayas yielded a
normal faulting mechanism, as did one event from the western margin and two events near
the northern border of the Andaman Sea. @diptors consistent with underthrusting beneath
the Himalayas have a nearly uniform north to northeasterly strike. This evidence, as well as
the frequency of occurrence of largegnitude earthquakes, suggests that seismic slip at
shallow depths may accoufor the convergence between the Indian Ocean and the Eurasian
plates along the Himalayan mountain front.

Keywords: Asia: Tectonophysics; Earthquakes: Mechanism; Faults: Thrust; Seismology:
Seismic Sources; Tectonophysics: Crustal Structure.

1 Earthquake processes of the Himalayan collision zone in eastern Nepal and the
southern Tibetan Plateau.T.L. de la Torre, G. Monsalve, A.F. Sheehan, S. Sapkota
and F. Wu. Geophys. J. Int. (2007) 171, 718738 doi: 10.1111/j.1365
246X.2007.03537.x.

Abstract:

Focal mehanisms determined from moment tensor inversion and first motion-polar
ties of the Himalayan Nepal Tibet Seismic Experiment (HIMNT) coupled with previously
published solutions show the Himalayan continental collision zone near eastern Nepal is d
forming by a variety of styles of deformation. These styles include s#lipe thrust and
normal faulting in the upper and lower crust, but mostly stsligefaulting near or below the
crusi mantle boundary (Moho). One normal faulting earthquake from this expetia-
commodates edsiest extension beneath the Main Himalayan Thrust of the Lesse-Him
laya while three upper crustal normal events on the southern Tibetan Plateau are consistent
with eastwest extension of the Tibetan crust. Strétip earthquakes nedhe Himalayan
Moho at depths$60 km also absorb this continental collision. Shallow plungkaxes and
shallow plunging EW trending-axes, proxies for the predominant strain orientations, show
active shearing at focal depthsi®0 km beneath the Highiidalaya and southern Tibetan
Plateau. Beneath the southern Tibetan Plateau the plunge Rhites shift from vertical in
the upper crust to mostly horizontal near the ¢msintle boundary, indicating that body

59



forces may play larger role at shalloweptles than at deeper depths where plate boundary
forces may dominate.

Key words:Focal mechanisms; Tibetan Plateau; earthquake depths; The Himalaya, Nepal,
continental collision.

1 Earthquake swarms precursory to moderate to great earthquakes in the northea
India region. H.K. Gupta and H.N. Singh. TectonophysicsVolume 167, IssuesZ2i 4,
10 Odober 1989 Pages 286298.

Abstract:
: . M=T7- . : .
The northeast India region has seen tefi 2 earthquakes since 1897, including

two great earthquakes bf = 8.7 in 1897 and 1950. The Iéﬂgt’}’ L 2 earthquake occurred
on August 17, 1952. With the exception of three earthquakes othdmiaceto be assodia
ed with periods of background/normal seismicity, precursory swarms, quiescence and
mainshocks (and the associated foreshocks and aftershocks). The dataset has been critically
examined for completeness considering the current capebifibr defining locations and
also considering other parameters. Regression equations relating the mainshock magnitude
(Mm), the average magnitude of the largest two events in the swippra(d the time inte
val (Mp) between the beginning of the swarm aimel mainshock have been developede-Th
seareMm=13Mpi 1. 4AMm=8ogdTpr 3. 2 7. I't i s i mportant
ry swarms and quiescence in real time; indeed, we believe we have recognized ome such s
guence in theieinity of the Arakan Yomdrold Belt. On the basis &fp; andl'p values, the
lateral extent of swarm activity and the fact that no eveM Bf6 has occurred since 1975 in
the preparation zone defined by the 1985 swarm, we estimate that i 8 earthquake

s _
could occur at anyrie in the area bounded by 21° a“n502° N and 93° and 96° E. The focal
depth of this impending earthquake is estimated to be 100 + 40 km in view of the focal
depths of the other events in the swarm.

Key words: Precursory swarms; background/normal seismggiigscence; mainshock;
regression equation.

1 Estimation of crustal discontinuities from reflected seismic waves recorded at
Shillong and Mikir Hills Plateau, Northeast India. Saurabh Baruah, Dipok K. Bora
and Rajib Biswas. Int. J. Earth Sci. (Geol Runddr) (2011) 100:128B1292,
D0i:10.1007/s0053:D10-0541-2.

Abstract:

In this study, an attempt is made to determine seismic velocity structure of the crust
and upper mantle beneath the Shilldvidsir Hills Plateau in northeast India region. The
principle d the technique is to relate seismic travel times with crustal thickness above the
Conrad and Moho discontinuities. Broadband digital waveforms of the local earthquakes
make a precise detection of the seismic phases possible that are reflected atdhetseudis
ties. The results show that the Conrad discontinuity is a2A8§+0.5) km beneath the
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Shillong-Mikir Hills Plateau and the Moho discontinuity is at 30 £ 1.0 km beneath the
Shillong Plateau and at 35 + 1.0 km beneath the Mikir Hills.

Keywords: Comad and Moho discontinuities; Reflected seismic waves; Shillong and
Mikir Hills Plateau; Travel time.

1 Evidences for cessation of Indian Plate Subduction in the Burmese Arc Region. N.
Purnachandra Rao and M. Ravi Kumar. Geophysical Research Letters, Volen26,
Issue 20, (/doi/10.1002/grl.v26.20/issuetoc), pages B3492, 15 October 1999.

Abstract:

The issue of whether subduction is still active in the hiliama plate boundary
zone has been rather controversial. While the presence of an eastward thp@an litho-
spheric slab is undisputed, different opinions have been voiced regarding the continuance of
subduction at present. Analysis of the Harvard CMT data in comparison with major
subduction zones of the world demonstrates that the Burmese auniigua region where
there is a subducted slab but the direction of plate motion is nearly perpendicular to the
downdip drection. We propose a major riglateral shearing of the Indian plate along with
its subduted slab past the Burmese plate in theENdrection.

Key words: Burmese arc; Harvard CMT data,; rigtteral shearing.

1 Focal depths of intracontinental and intraplate earthquakes and their implications
for the thermal and mechanical properties of the lithosphere. WangPing Chen and
Peter Molnar. Journal of Geophysical Research, Vol.88, No. B5, Pages 418314,
May 10, 1983.

Abstract:

We investigate the distribution of focal depths for earthquakes that do not appear to
be associated with zones of recent subduction, using both new resultsnfabrees of inid
vidual events recorded at teleseismic distances and published data for both microearthquakes
and larger events. The deepest events in oceanic regions occur in old lithosphere (>100Ma),
and excluding earthquakes in active mountain belesdéepest crustal events occur in old
crda ons (tectonic age O 800 Ma). Therefor e,
be an important factor determining whether deformation occurs seismically or not. $rom e
timates of the temperatures at depof the deepest events, we conclude that those limiting
temperatures are about 2605FC and 608 80C°C for crustal and mantle materialg-r
spectively. In several regions of recent continental convergence, in addition to shal®w cru
tal seismicity , tlre is seismic activity in the uppermost mantle. The lower crust, however, is
essentially aseismic. We infer that both the upper crustal and the mantle seismic regions co
respond to zones of relatively high strength and that they are separated by a lpover of
strength in the lower crust where aseismic, ductile deformation predominates. This simple
interpretation is qualitatively in agreement with extrapolated values of brittle and ductile
strengths of geologic materials studied under appropriate presslitemperature conditions
in the laboratory. A lowstrength zone in the lower crust might allow detachment of ¢rysta
line nappes from the underlying mantle (and lower crustal) lithosphere. The apparenttly grea
er strength of mantle materials than crustaterials at the same temperature implies that
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oceanic lithosphere is much stronger than continental lithosphere, and this difference may
account for why plate tectonics works well in oceanic regions but not in continents.

Key words: Intracontinental andtraplate earthquakes; teleseismic; aseismic; nappes.

1 Ground motion estimation at Guwahati city for an M,, 8.1 earthquake in the
Shillong plateau. S.T.G. Raghu Kanth, S. Sreelatha and Sujit Kumar Dash
TectonophysicsVolume 448, Issuesli 4, 25 February 208, Pages 98L14.

Abstract:

In this paper, the ground motion at Guwahati city for an 8.1 magnitude earthquake
on Oldhamfaultin the Shillong plateau has been estimated by stochastic-fiuitesimulb-
tion method. The corresponding acceleration timéhes on rock level at several sites in
the epicentral region have been computed. These results are validated by comparing them
with the estimates obtained from Medvet8ponheudrKarnik (MSK) intensity obseia-
tions of 1897 Shillong earthquake. Using tbeal soil parameters, the simulated rock level
acceleration time history at Guwahati city is further amplified up to the ground surface by
nonlinear site response analysis. The results obtained are presented in the form of peak
ground acceleration (PGA)ntour map. The maximum amplification for PGA oveun-G
wahati city is as high as 2.5. Based on the simulated PGA, the liquefaction susceptibility at
several locations in the city has been estimated. The results are presented in the form of co
tours of factoof safety against liquefaction at different depths below the ground surface. It is
observed that over a large part of the Guwahati city, the factor of safety against liquefaction
is less than one, indicating that the city is highly vulnerable to liquefeict the event of this
earthquake. The contour maps obtained can be used in identifying vulnerable areasand disa
ter mitigation.

Key words: Stochastic finiteault simulation method; MSK intensity scale; peak groucd a
celeration; liquefaction.

1 Interpr eting the style of faulting and paleoseismicity associated with the 1897
Shillong, Northeast India earthquake: Implications for regional tectonism. C.P.
Rajendran, K. Rajendran, B.P. Duarah, S. Baruah and A. EarnestTectonics (2004),
23, TC4009, doi:10.129/2003TC001605.

Abstract:
The 1897 Shillong (Assam), northeast India, earthquake is considered to be one of the
| argest i n the modern history. Al t hough Ol

opened new vistas in observational seismology, manytigneson its style of faultinger
main unresolved. Most previous studies considered this as a detachment earthquazke that
curred on a gently north dipping fault, extending from the Himalayan front. A recent model
proposed an alteate geometry governed ygh-angle faults to the north and south of the
plateau, and it gigested that the 1897 earthquake occurred on a south dipping reverse fault,
coinciding with the northern plateau margin. In this paper, we explore the available database,
together with the @seismic observations from the region, to further understand the nature of
faulting. The geophysical and geological data examined in this paper conform to a peuth di
ping structure, but its location is inferred to be in the Brahmaputra basin, furtheohtiréh
present plateau front. Our analyses of paleoseismic data suggestyeaPdfierval between
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the 1897 event and its predecessor, and we identify the northern boundary fault as a major
seismic source. The Shillong Plateau bounded by major falitssbe as an independent-te

tonic entity, with its own style of faulting, seismic productivity, and hazard potential, distinct
from the Himalayan thrust front, a point that provides fresh insight into the regional-geod
namics.

Keywords: Earthquake, tecties, paleoseismology, faulting, seismicity, northeast India.

1 Mapping of b-value beneath the Shillong PlateauP.K. Khan. GondwanaResearch
Volume8, Issue2, April 2005, Pages 21i 276.

Abstract:

The seismic paramet er Orig@ar dgridad dineesemm0.32 o mp u t
- 0.8° at four depths range:13 km (first layer), 1326 km (second layer), 2639 km
(third layer) and 39-62 km (fourth layer) beneath the ShitpPlateau area. The four depths
were carefully selected based on the crustal structure and distribution of hypocentres. The
dimension of each grid was chosen so as to have enough events that can represesiuthe b
at the respective layer. Finally, tvdimensional mapping was done at these déptéls
considering the respectivevalue over each grid. This analysis includes viz., levalie all
through the first layer, and a trend of increasirgalue, which was initially towards north,
changes to ntinwest. Eastern and western parts of the second and third layers docliment a
most moderate-palues, whereas the norslouthoriented central part of layer second fis a
parently dominated by low-talues, which seems to divide the area broadly into threk par
lel zones based ormalues. In the deeper part (fourth layer) beneath the Shillong Plateau a
moderate bralue that was initially trending towards north becomes high near the northeas
ern part. This phenomenon may be associated with higher heterogenigymedium, and
interesingly, this region lies between the lower crust and upper mantle, possibly documents
lower degree of seismic coupling, where the Shillong Plateau is being supported by the
strong Indian lithosphere at these depths. In additianinma were noted towards the slout
ern parts of layers first, second and third, which may presumably be related with steeply
Bouguer gravity anomaly. It is thus less clear that the occurrence of earthquakes beneath the
Shillong Plateau whether is attributedfaults or lineaments at intermediate to deeper level.
However, a correlation between higtvallues in few parts of each layer and deepted m
nor faults cannot be ruled out.

Key words: Crustal structure; dalue; Bouguer gravity anomaly; seismic pbng; strong
Indian lithosphere.

1 Microearthquake activity in some parts of the Himalaya and the tectonic modell.R
Kayal. TectonophysicsvVolume 339,Issues3i 4, 30 September 211, Pages 331351.

Abstract:

Microearthquake data from temporary/permanent networks in different parts of the
Himalaya shed new light on understanding the earthquake generating processes asd their r
lation to tectonic models of the region. The micrdeguke activity in Arunachal Pradesh,
northeatern Himalaya, is found to be pronounced at the Main Boundary Thrust (MBT) and
to its south; the subcrustal earthquakes (deptB®Km) occur much below thelaneof de-
tachmenof the tectonic models proposég and. The MBT is not the seismogenic fault;
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the earthquakes agenerated by strikslip movement on deep seated hidden faultsstran
verse to the MBT. The high seismic activity in the Shillong Plateau, abolkri2G@uth of

the MBT in the northeast region, is due to the influence of Himalayan collision tectonics to
the north and Burmese arc subduction tectonics to the east. The activity in the Plateau is not
directly related to the Himalayan thrust belt or seismic belt. These are mostly crustal eart
guakes (depth 1@B0km), and are caused by local active faults/lineamselm the eastern
Himalaya, in the Sikkim and Darjeeling area, the seismic activity is found to be clustered
mostly to the north of the MBT. The earthquakes occur at a depth rabg&r; the majoir

ty of them occur below the detachment plane by tHaudting. In the central part, in theeN

pal Himalaya, lateral variations of the seismic activity are observed, which represent lateral
segmentation of the MBT by transverse tectonic features. In the western Himalaya, however,
the tectonic models fit well whitthe microearthquake data. In the Himachal Pradesh of the
western Himalaya, the microearthquakes are mostly recorded in the MBT zone, agd the h
pocentres (depthi@0km) are confined above the plane of detachment or on the Basement
Thrust. The earthquakesostly occur to the south of the Main Central Thrust (MCT), which
suggests that the MCT is not seismogenic; it is rather a dormant fault. No single tectonic
model explains the Himalayan earthquakes.

Keywords:Microseismicity b-value aseismi¢seismotetonics fault-planesolution.

1 Microearthquakes at the main boundary thrust in Eastern Himalaya and the pe-
sentday tectonic modelJ.R. Kayal, De Reenaand P. Chakraborty . Tectonophysics
Volume218,Issue4, 28 February 1993, Pages 3i7581.

1

Abstract:

Two microearthqgake surveys were carried out at the Main Boundary Thrust (MBT),
Eastern Himalaya. Temporal as well as spatial variation in microseismicity was observed.
The verical section of the hypocentres shows subcrustal earthquakes down to a depth of 80
km to the sath of the MBT and composite focal mechanisms show ssliesolutions or
transverse tectonics which do not agree with the conceptual tectonic model.

Key words: Microearthquake; MBT,; strikgdip solutions; transverse tectonics.

1 Moho geometryand upper mantle imagesof northeastIndia. D. S. RameshM. Ravi
Kumar, E. Uma Devi, P. Solomon Raju and X. YuanGeophysical Research Letters,
Volume 32, Issuel4, 28 July 2005,Doi: 10.1029/2005GL022789.

Abstract:

Images of the crust and mantle beneath northeast India obtained by 2D migration of
1000 broadband-Receiver functions clearly trace a northward dipping Moho from theaHim
layan foredeep reaching depths up to 50 km furtleethnbeneath the Himalayan comve
gence zone. Also, these images reveal presence of largely coherdmb 4@ 666km dis-
continuities that conform to the IASP91 model. Marginal variations in the depth of the 410
km intaface are observed, that appear ragipecific. The thickness of the mantle transition
zone does not deviate significantly from a global average of 250 km. Interestinglg-our r
sults reveal consistent presence of a signal from an interface around 300 km. Origin of such a
boundary, known a¥X-discontinuity and unrelated to the Lehmann discontinuity, $s di

64


http://www.sciencedirect.com/science/article/pii/004019519390326F
http://www.sciencedirect.com/science/article/pii/004019519390326F
http://www.sciencedirect.com/science/article/pii/004019519390326F
http://www.sciencedirect.com/science/journal/00401951
http://www.sciencedirect.com/science/journal/00401951/218/4
http://onlinelibrary.wiley.com/doi/10.1002/grl.v32.14/issuetoc

cussed. Possible presence of thdidcontinuity from the Indian region is reported here for
the first time.

Key words:Moho geometry;X-discontinuity; Lehmann discontinuity.

1 Occurrence of anomalous seismic activity preceding large to great earthquakes in
northeast India region with special reference to 6 August 1988. H.N. Singh, D.
Shanker and V.P. Singh.Physics of the Earth and Planetary Interiors, 148 (2005),
2611 284.

Abstract:

Seismicity database from 1860 to 1985 of northeast India region bounded by the area
2000320N and 82i 100 have been analyzed for the identification of precursory
swarm/anomalous seismic activity preceding large to great earthquaked @it8. It is do-
served that with the exception of three earthquakes (1908, 1912 and 1918), the large eart
gquakes of 1897, 1946, 1947, 1950 and 1951/1952 were preceded ‘ojewatped epoch of
swarm/anomalous seismic activity in space and time well before their occurrence.sFhe sei
micity is observed to fluctuate in the order of lwgh-low ranging from 00.5, 01 33 to O
0.7 events/year prior to these mainshocks during the epochs of normal/background,
swarm/anomalous and gap/quiescence respectively. The duration of precursory lyap is o
served to vary from 11 to 17 years for mainshock®laf.5' 8.0 and from 230 27 years for
M 8.7 and this period is dependent on the magnitude of the mainshocks. Using the values of
magnitude of mainshockv(m), average magnitude of swarM) and the precursory time
gap (Tp), the following predictive equations are establishedHerregionMm = 1.37Mp 1
1.40 andMm = 3 log Tp T 3.27. All the major earthquakes withb 6.1 occurred during
19631988 have been investigated for their association with anomalous geismic
ty/precursory swarms using the events with cutoff magnitadeX.5. Eleven such events
have occurred in the region during the period except one earthquake of 29 May 1976. All the
remaining 10 earthquakes were associated in some forms of anomalous seismicity epochs.
Well-defined patterns of anomalous seismicity are observed prior td 196%,12 August
1976 and 30 December 1984k 5.6). All these mainshocks are preceded by seismicity pa
terns in the order of lovkigh-low similar to that observed prior to the mainshocks from 1897
to 1962. The anomalous seismicity epoch is delineated with extyremgh annual ednt
quake frequency, which was preceded and followed by extremely low seismicity epochs of
background and gap/quiescence phases. Consequently, seismicity rates during anomalous
seismicity epoch have always been above normal (levent/ybargas it is always below
normal during the preceding and the following epochs. A prediction was made using the
1964 swarm based on tMp andTp values that a large earthquake wWi8+0.5 with focal
depth 10840 km could occur any time from 1986 to 1980an area bound by 125 8N
latitudes and 93 96(E longitude in Arakan Yoma fold belt. It is interesting to note that the 6
August 1988 earthquake with magnitude 7.5 and focal depth 115 km had occurred within the
delineated zone. In addition, three cetigtive swarm activities are identified in a limitad a
ea within the Eastern Syntaxis and these were not followed by any mainshock till date and
could be potential zone for future earthquake.

Keywords: Anomalous seismic activity; Quiescence; Precursorgrsw Precursory time
gap; Seismicity rates.
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1 Partial and complete rupture of the Indo-Andaman plate boundary 18472004. R.
Bilham, E.R. Engdahl, N. Feldl and S.P. Satyabalé&eism. Res. Lett. (2005), 21p.

Abstract:

We review seismicity along the Nicobandaman plate boundary prior to the Mw=9
earhquake of 26 December 2004, with particular attention to reverse slip in the central and
northern parts of the rupture zone 608D0 km north from the epicenter. Slip is partitioned
between convergence and stiklip motion, which in the northern Andamaissassisted by
backarc spreading. Subduction zone earthquakes prior to the rupture occurred largely to the
east, and at deeper depths than the area ruptured in the shallow 2@@Hrusé Large thrust
earthqakes in 1847 (Mw>7.5), 1881 (Mw=7.9) and 1941 (Mw=7.7) appear to have occurred
on intermediate regions of the dowip boundary, areas that have been surrounded and
probably incorporated into the 2004 rupture. Preliminary reportsdofriiof subsidence of
the Nicobar islands and2 m uplift of western shorelines of the Andaman islands ame co
sistent with a dowadip fault width of 150180 km, and a slip of-23 m. Based on prelim
nary reports from the Port Blair tide gage, slip in the Andaman islands,80®kh of the
epicenter, appears to have started no sooner than 36 minutes after the main shock, some 30
minutes after the primary mainshock rupture is inferred to have arrived from the epicenter,
but consistent with large aftershocks occurring in thigore85 minutes after the mainshock,
and suggestive of slow slip. The delayed slip was not accompanied lggskacept that
from aftershocks. GPS measurements in the Andaman islands prior to the earthquake indicate
a plate convergence rate of 14 mm/ysaggesting that great earthquakes with similar slip to
the 2004 event cannot occur more frequently than once every 1000 years. A shorter recu
rence interval of 400 years is calculated for the epicentral region wharergence rates are
higher. The appar¢ indifference of the 2004 earthquake to the lowered slip deficits caused
by previous major earthquakes, and its release of significant seismic moment witlhout ev
dence for comparable shaking, has implications for the analysis of historical earthquakes in
other plate boundaries.

Key words: Rupture zone; stritglip motion; reverse slip; dowdip fault; GPS.

1 Plate motion of India and interseismic strain in the Nepal Himalaya from GPS and
DORIS measurements. Pierre Bettinelli, Mireille Flouzat, Laurent Bolinger, Jean
Philippe Avouac, Francois Jouanne, Pascal Willis, Gyani Raja Chitrakar.J.
Geod.(2006)P0i:10.1007/s0019®06-0030-3.

Abstract:

We analyse geodetically estimated deformation across the Nepal Himalaya in order to
determine the geodetic rabé shortening between Southern Tibet and India, previously pr
posed to range from 12 t o 2eéevellingydata dongaTdace dat
going from the Indian to the Tibetan border across Central Nepal, data from the D@®RIS st
tion on Everst, which has been analysed since 1993, GPS campaign measurements from
surveys carried on between 1995 and 2001, as well as data from continuous GPS stations
along a transect at the longitude of Kathmandu operated continuously since 1997. The GPS
data wereprocessed in International Terrestrial Reference Frame 2000 (ITRF2000), together
with the data from 20 International GNSS Service (IGS) stations and then combined using
guastobservation combination analysis (QOCA). Finally, spatially complementary tretoci
at stations in Southern Tibet, initially determined in ITRF97, were expressed in ITRF2000.
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After analysing previous studies by different authors, we determined the pole of rotation of

the Indian tectonic plate to be located in ITRF2000 a#@15600N a n d.D150

5556 UE, with an .488f0l%0. vdymoiclt yl mferOnal def
found to be small, corresponding to |l ess th
Southern India and the Himalayan piedmont. Based on an etistication model of
interseismic strain and taking into account the uncertainty on India plate motion, the mean
convergence rate across Central and Eastern Nepal is estimated to39miy r 17 1, (at
67% conidence level). The main Himalayan thrust (MHault was found to be locked from

the surface to a depth of about 20km over a width of about 115 km. In these regions, the
model parameters are well constrained, thanks to the long and continuotseti@sefrom

the permanent GPS as well as DORIS d&tatther west, a convergence rate of413
S5Smmyril, as well as a fault zone, | ocked ov¢
between the geologically estimated deformation rate of 215tmimy r 1 1 and t he
25 mmy r 17 1tic gate m €entral and Eastern Nepal, as well as the lowetegjeaate in

Western Nepal compared to Eastern Nepal, places bounds on possible temporal variations of
the pattern and rate of strain in the period between large earthquakes in this region.

Keywords:GPS; DORIS; Interseismic deformation; Tectonic plaievergence; Himalayas
of Nepal.

1 Plateau Popup during the 1897 Assam earthquake. RBilham and P. England Na-
ture(Lond), 410, 806-809, 2001.

Abstract:

The great Assam earthquake of 12 June 1897 reduced to rubble all masonry buildings
within a region ofNE India roughly the size of England, and its felt area exceeded that of the
1755 Lisbon Earthquakel. Hitherto it was believed that rupture occurred on -alippitig
Himalayan thrust propagating south of Bhutan 2,3,4,5. We show here that this viear-is inc
rect. The northern edge of the Shillong Plateau rose violently more than 11 m during rupture
of a buried, 11¢&km-long, reverse fault, dipping steeply away from the Himalaya. The stress
drop implied by the rupture geometry and the prodigious fault sliBa¥ m, explains lo-
served epicentral accelerations exceeding 1 g vertically, and surface velocities exceeding 3
m/sl. Our finding represents the first quantitative observation of active deformation of a
"pop-up"” structure, and confirms that faults bourgdsuch structures can penetrate the whole
crust. Plateau uplift in the pastSZmillion years has caused the Indian plate to contrackloca
ly by 42 mm/year, reducing seismic risk in Bhutan, but increasing it to the large populations
of northern Bangladesh

Key words: Shillong Plateau; rupture geometry; epicentral acceleration.

1 Pop-up tectonics of the Shillong Plateau in the great 1897 earthquake (Ms 8.7h-I
sights from the gravity in conjunction with the recent seismological results. G.K.
Nayak, V.K. Rao, H.V. Rambabu and J.R. Kayal. Tectonics (2008), 27, TC1018,
Do0i:10.1029/2006 TC002027.

Abstract:
It was reported that a hidden T&@-long south dipping fault, named Oldham Fault,
was esponsible for the 1897 great earthquake (Ms 8.7) in the ShillorigaBldy reverse
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faulting-upwe ttect®moxs of the plateau in nor
of our geophysical investigations, where we critically examine the crustal structure of the
plateau on the basis of gravity modeling and attetmshed light on the hitherto debated

hidden Otlham Fault at the northern boundary of the Shillong Plateau. Our gravity model,
constrained by broadband seismological data, suggests that the Moho beneath the Shillong
Plateau is at a shallower depth of ab85 km when compared to the Bengal basin to the

south and the gsam valley to the north, which is about 42 km. Thinning of the crust under

the plateau may be -uap 6c omescehgaureinscne. 0T 0 telxea ndipnoer
up6 of t he the great %/ eartdquakd, weghave estimated the energy released

by this earthquake and comparedpodtofwitihe t plee
using a simplistic rigid model. It is found that the Shillong Plateau between the Oldham Fault

and DaukiDapsi Thrust would require an energy of 4.5 _ 1019 J, which does match well

with the energyealeased by the great earthquake of Ms = 8.7.

Keywords: Shillong Plateau; payp tectonics; Bouguer gravity.

1 Precursory variation of seismicity rate in the Assam area, India. K. Khattri and M.
Wyss. Geology, Vol. 6, No. 11, pp. 6888, Doi: 10.1130/009¥613 (1978)
6<685:PVOSRI> 2.0.CO,2.

Abstract:

The seismicity data from 1825 to the present for the Assam (northeastern éndia) r
gion show that seismicityates there deviate from normal before and after major earthquakes.
Along this 1,00&km-long section of a plate boundary, all shocks with magnitdde 6.6
were preceded and sometimes followed by periods of significant seismic quiescence. No m
jor earthqakes occurred without an associated seismic quiescence, and no such quiescence
occurred at times other than before or after a major event. The most remarkable periods of
guiescence lasted about 28 and 30 yr before the two dfeat§.7) Assam earthquake$
1897 and 1950. Other periods of anomalously low seismicity preceded main shoclg of ma
nitudes 6.7 (in 1950 and 1975), 7.8 (in 1869), and 7.7 (in 1947), with durations of 6, 8, 23,
and 17 yr, respectively. These durations fit (with approximately theescdtthe original d-
ta) a published relation between precursor time and magnitude. Since these changes of sei
micity rate were observed at the edges of and within the Assam gap, defined by the 1897 and
1950 great earthquakes, it is likely that a futusganor great earthquake in this gap will be
preceded by seismic quiescence. Whether a preparatory phase for an earthquake has begun in
the Assam gap cannot be stated for certain because of the changing earthquake detection c
pability in the area and becsaiof poor location accuracy.

Key words:Seismic quiescence; Assam gap; precursor time and magnitude.

1 Seismic activity at the MCT in Sikkim Himalaya. ReenaDe and J.R.. Kayal.
TectonophysicsVolume 386, Issues3i 4, 16 August 2004, Pages 24348.

Abstract:

A microearthquake suey in the Sikkim Himalaya raised a question whether the
north south segment of the Main Central Thrust (MCT) in this part of the Himalayasis sei
mically active(?). Faukiplane solution of a cluster of events occurred below this segment of
the MCT showsight-lateral strikeslip motion. The seismic observations and the geological
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evidences suggest that a NNESW trending strikslip fault, beneath this segment, caused
right lateral movement on the MCT, and is seismically active.

Keywords:Microearthquakedault-planesolution activefault; seismotectonics.

1 Seismicity, earthquake mechanisms and tectonics along the Himalayan mountain
range and vicinity. Umesh Chandra. Physicsof the Earth and Planetary Interiors,
Volume16,Issue2, March 1978, Pages 10931.

Abstract:

The historical as well as recent seismicity data and the focal mechanism solutions for
48 earthquakes determined from the observatainsorld-wide standardized stationstne
work (WWSSN) records, were used to investigate the tectonics of the Himalayan mountain
system and vicinity. Seismicity maps of the region showing large earthquakes (magnitude 7.0
and above, and damaging earthquakes tlused fatalities) from the earliest time through
1976, and instrumentally located earthquakes for the period JanuaryM&6R 1974 are
preseted. Eleven of these earthquakes are estimated to be of magnitude 8.0 and above. The
earthquake epicentersrggrally follow the trend of the mountains with greatest conaentr
tions of seismic activity occurring along the Hindu Kush and Pamir mountain ranges, and
near the Quetta, Kashmir and Assam syntaxes. Throughout Tibet, however, the distribution
of epicentersis rather irregular and no clear trends are apparent. Two aseismic lineaments,
one west of the Sulaiman Range and the other in the Assam Valley, are identified. Also,
seismic activity in the vicinity of the Counter Thrust (Indisangpo suture zone) is nat
small. Based on the identification of these aseismic lineaments and from a consideration of
the geometry and kinematics of the continental collision model, a hypothesis for the origin of
the Himalayan syntaxes is presented. Focal mechanism solutiorismcanorthward
underthrusting of the Indian Plate along the Main Boundary Thrust and Main Central Thrust
system, and eastward underthrusting along the Burmese Arc.-plaok solutions indicate
left-lateral motion along the KirthéBulaiman Range, righateral motion along the Karak
ram Fault, leflateral motion along the eastern extremity of the Himalayan flank of the A
sam syntaxis, and rigiteral motion along the northern part of the Naga Hill flank of the
syntxis. These observations are in agneat with the expected sense of lateral (parallel to
the collision boundary) mass movement for the continental collision model. Focah-mech
nism soutions for three earthquakes in east Afghanistan show3BAdompression. A near
vertical orientation of thexas of tension in the solutions for two earthquakes in the Hindu
Kush region is consistent with the sinking of a remnant slab of oceanic lithosphere. Normal
fault-plane solutions showing NVBE extension for two events near Gatok, Tibet, and for the
recentKinnaur earthquake are interpreted to indicate a possible subsurface northern conti
uation of the Aravalli Range of Peninsular India, and its involvement in the tectonie-fram
work of the region. Focal mechanism solutions of three earthquakes near trexrsedlle
of the Shillong Plateau suggest block uplift of the plateau as a horst along the Dauki Fault.
The ®lution for one earthquake near the Yunnan Graben showS\NMEXxtension.

Key words: Historical seismicity data; recent seismicity data; focal mésrhasolution.

1 Seismic moments of major earthquakes and the average rate of slip in Central Asia.
Wang-Ping Chen and Peter Molnar.Journal of Geophysical Research, Vol.82, No.20,
July 10, 1977.
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Abstract:

Seismic moments for 12)in@antradAsia €ramm 19hldqou a k e s

1967 were calculated from lofmeriod Rayleigh and Love wave spectral densities. With
fault lengths estimated from geological field observation of surface faulting, intensity distr
butions, or master event relocations of i&iecks, the calculated moments place bounds on
the average slip and fault widths. The following table summarizes the calculated moments,
estmated faults lengths, and inferred possible average displacements.

Earthquake Location Year M, dyncm Length, km  Slip, m
1. Kebin, Kirgizia 1911 49%10 180 2.3
2. Haiyuan, Kansu 1920 3.0%10 200 10
3. Kurlong, Kansu 1927 43%10 150 2.4
4. FuhYun, Sinkiang 1931 8.5 ¥'10 300 1.9
5. Bihar Nepal 1934 1.1%10 130 5.4
6. Eastern Himalaya 1947 9.8%10 ? ?
7. Khait, Tajikistan 1949 2.4 x 16’ 70 3.7
8. Assam, India 1950 4.0°%10 250 6.6
9. South Tibet 1951 4.6 x 10 200 ?
10. Muya, Siberia 1957 1.4 x ¥ 35 4.5
11. Gobi Altai, Mongolia 1957 1.3 40 270 3.2
12. Mogod, Mongolia 1967 3.8%10 40 1.0

The inferred average displacements on the faults, in general, agree with fieldaebserv
tions, if in sane cases rupture zones extend to 40 km dépiibr sgome other ediuakes in
Asia indicate focal depths of 40 km and support therémfee of brittle failure to the same
depth. The average strain pattern caused by seismic slip shows a neargontrtlorizon-
tal compression (or shortening), a considerable amount of vertical expansion of theperust (u
lift and crustal thickening), and some nearly easst horizontal extension. For differers:a
sumptions about recurrence rates of large and small earthghekesculated shortening for
a layer 40 km thick is about 20 mm/yr. It is tempting to infer that the releabf 50 mm/yr
convergence between India and Eurasia occurs as fault creep. As this rate is inversely propo
tional to the assumed thickness of thger, given the uncertainties in the estimates of the
moments, all if this convergence could occur as seismic slip without fault creep in a layer 40
but not 100m thick. Similarly, the calculated seismic slip rate seems to be too high for all of
the seisnt slip to be confined to a thin layer such as the San Andreas fault (~10 km).

Key words: Seismic moment; loygeriod Rayleigh density; Love wave spectral density.

1 Seismicity and plate deformation below the Andaman arc, northeastern Indian
Ocean. Sujit Dasguptaand Manoj Mukhopadhyay. Tectonophysics, 225 (1993), 529
542.

Abstract:

The seismic activity originating below the Andaman-8ea region is generallydi
cernibleinto fore and backarc seismic zones which are traceable for nearly 1500 km in a N
S direction at the junctures between the Indian, Burma and SE Asia plates. TFhaecfore
seismicity displays an eadipping (40 55°) Benioff zone upto about 200 km focalpties.
Details of the Benioff zone, in correspondence to the observed gravity field, are discussed in
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four N-S sectors, which suggest some significant variations in the configuration of the
Benioff zone. The backrc seismicity affects only the topi44b kmof the lithosphere below

the Andaman Sea, where the back spreading ridge splits the volcanic arc. Stress distrib

tion and fauling due to earthquakes below the Andariéest Sunda arc are studied here
using 68 focal mechanism solutions. Their most iBant results are: lovangle thrust
events ocur along the upper edge of the descending Indian plate, downdip tensional events
have steeply dipping ( 60°) nodal planes, and normal faulting takes place in most parts of
the Benioff zone along moderately dippingi86°) planes. Downdip compressional events
(highrangle everse fault, nodal plane dip > 60°) or reverse faulting along moderately dipping
(30i 45°) nodal planes also occur below the Andaman arc. The compressive earthquakes
dominate the shallower level of the subducting slab, and the tensional stress observed locally
in north part of the Andaman Sea may be an outcome of the weak coupling btteveen
scending and overriding plates. Generally, a more or less complete sequence of faulting i.e.,
thrusting ®low the trench, normal faulting below the fore arc, and sslk® motion along

the inner edges of the fore arc characterize the Andaifest Sinda arc. In the southern
Andaman region, a rather oblique convergence between the Indian Ocean and the SE Asia
plates is needed to explain the existence of a somewhat contorted Benioff zone, in which,
compressional stress dominates in deeper lithosph@oeanward, the Ninetyeast Ridge also
impinges on the subduction zone in this region.-la&ral shear motion along the eastma

gin of the Ninetyeast Ridge is further inferred by the results of focal mechanism solutions.

Key words: Forearc seismic zorge backarc seismic zones; focal mechanism solutions.

1 Seismicity and the nature of plate movement along the Himalayan arc, Northeast
India and Arakan-Yoma: A review. R.K. Verma and G.V.R. Krishna Kumar.
TectonophysicsVolume 134, Issuesli 3, 1 March 1987, Pages 15375.

Abstract:

The Himalaya together with Arakafoma form a well defined seismic beb the
north and east of the Indian Peninsula. The Seismicity along this belt is attributed mostly to
collision between the Indian and the Eurasian plates. However, the exact nature of activity
along the major thrusts and faults is not well understobe. Seismicity along the entire
Himalaya and Northern Burma has been studied in detail. It has been found that besides the
Main Boundary Fault and the Main Central Thrust several transverse features are also very
active. Some of these behave like steepppitig fracture zones. Along the Arakaioma
most of the samicity appears to be due to subduction of the Indian lithosphere to the east.
Analysis of focal mechanism solutions for the Himalaya shows that although thrust mov
ments are predominant, normaldastrikeslip faulting is taking place along some of the
transverse features. In addition to thrusting, stsilie faulting is also taking place along the
ArakanYoma. Orientation oP-axes for all thrust solutions show a sharp change fran pr
dominantly estwest along the Burmese arc teNand NESW along the Himalaya. The
direction further changes to N\§E along the Baluchistan arc. It appears that the Indlan lit
osphere is under compression from practically all sides. The present day seismicityhef Nort
east India and Northern Burma can be explained in terms of a plate tectonics model after
Nandy (1976). No simple model appears to be applicable for the entire Himalaya.

Key words: Transverse feature; dipping fracture zone; focal mechanism solution.
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1 Sebmotectonicsof transverselineamentsin the easternHimalaya and its foredeep.
Manoj Mukhopadhyay. TectonophysicsVolume 109, Issuesi3}, 10 Novemberl1984,
Pages227i 240.

Abstract:

The Himalayancollision zoneandthe Burmesesubductiorzonelie in ratherclosevi-
cinity acrossnortheastindia. Their possibleinteractionproducescomplextectonicsand a
high level of seismicityin the region. Severalprominenttransversdineamentsacrossthe
easterrHimalaya andits foredeepappearto be seismicallyactive. Quite a few of the active
lineaments areregionallyextensive gventransgressinghe Bengalbasin.A focal mechanism
studyindicatesthat active lineamentsare either normal or strike-slip faults. For the highly
active ShillongMikir massif(a fragmentedportion of the Indian shield) this correlationis
lessclear,althoughit appearghatsomeof the activity maybe associatedvith the northeat
erly lineamentscrossingthe massifinto the easternHimalayanforedeep.This presumably
resultsdueto dragexperiencedy the Indian lithosphee nearits marginsunderthe Himala-
yan and Burmesearcs.The AssamValley, which is the commonforedeepfor both the arcs,
is remarkablyaseismicthoughit is surroundedoy active regions.Mainly thrustingmecta-
nisms characterizehe earthquakesvhich originate from the Himalayanand Burmesearcs
adjoiningthe Valley. A model of basementeactivationbelow the Valley is proposedn or-
derto explainthe style of tectonicdeformationand currentseismicityin the Himalayanand
Burmeseorogensadjoiningthe Valley.

Key words: Transverséineamentsforedeepaseismic.

1 Seismotectonics of the Himalaya and its vicinity from centroidnoment tensor
(CMT) solution of earthquakes. D.D. SinghJournal of Geodynamics (2000), 30, 507
537.

Abstract:

The centroidmomaent tensor solutions of more than 300 earthquakes that occurred in
the Himalayas and its vicinity regions during the period of 1977+1996 are examined. The
resultant seismic moment tensor components of these earthquakes are estimated- The Bu
mese arc regioshows prominent easttwest compression and northtsouth extension with
very little vertical extension. Northeast India and PamirtHindu Kush regions show- prom
nent vertical gtension and eastxwest compression. The Indian plate is subducting eastward
beneath ie northeast India and Burmese arc regions. The overriding Burmese arc has
overthrust horizontally with the underthrusting Indian plate at a depth of 20+80 kneand b
low 80 km depth, it has merged with the Indian plate making Y™ shape structure and as a
result the aseismic zone has been formed in the region lying between 268N+288N and
91.58E+948E at a depth of 10+50 km. Similarly, the Indian plate is underthrusting in the
western side beneath the PamirtHindu Kush region and the overriding Eurasianaplate h
overthrust it to form a " Y" shape structure at a depth of 1040 km and below 60 km depth, it
has merged with the Indian plate and both the plates are subducting below 60£260 km depth.
Further south, the oveding Eurasian plate has come in contadhwhe Indian plate at a
depth of 2060 km beneath northwest India and Pakistan regions with left lateral strike slip
motion.

Key words: CMT solution; aseismic zone; left lateral strike slip motion.
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1 Seismotectonics in Northeast India: A stress analysig tocal mechanism solutions of
earthquakes and its kinematic implications.Jacques Angelier and Saurabh Baruah.
Geophys. J. Int(2009) doi: 10.1111/j.136246X.2009.04107 .X.

Abstract:

In Northeast India, three major plates interact along two convebgemtdaries: the
Himalayas and the Ind@urma Ranges, which meet at the Assam Syntaxis. To clarify this
tectonic interaction and the underlying dynamics, we determine the regional seismotectonic
stress from the stress inversion of 285 double couple focehanesm solutions of edwt
guakes with an average magnitude of 5. We then compare the reconstructed stress regimes
with the available information about geodetically determined relative displacements. North
south compression, in a direction consistent wildid Eurasia convergence, prevails in the
whole area from the Eastern Himalayas to the Bengal Basin, through the Shiking
Massif and the Upper Assam Valleyi \ extension in Tibet is related to thig 8l Indid
Eurasia cavergence. Not only does the jmaNi S compression affect the outer segments of
the Inda Burma Ranges, it also extends into the descending slab of Indian lithosphere below
these ranges, although stresses at depth are controlled by bending of the slab beneath the
Burmese arc. The existem of widespread N5 compression in the Bengal Basin, far away
from the Himalayan front, is compatible with the previously proposed convergence between
a Shilongi MikirT Assam Valley block and the Indian cratori.VEE compression inside this
block supports th hypothesis of a component of eastward extrusion. Stress inversion of focal
mechanism solutions in the IrndBurma Ranges reveals a complex stress pattern. The Bu
mese arc and its underlying lithosphere experience nearly arcperpendicular extension with
ESH WNW trends in the northernmost, NEending segment and EN®/SW trends in the
main N'S arc segment. Such extensional stress, documented from many arcs, is kkely a r
sponse to pull from and bending of the subducting plate. At the same time, thBunda
Ranges are under compression as a result of oblique convergence between the Sumda and |
dian plates. The maximum compressive stress rotates fronSWEacross the inner and
northern arc to BV near the Bengal Basin. This rotation is consistent with thermetion
partitioning reflected in the rotation of relative displacement vectors, from ad@®ded
Sund@Burma motion to a WSWirected Burmalndia motion. As a consequence of this
partitioning, the major bejparallel fault zones show a variety of mowents across the main
Ni S arc segment, from righateral slip in the inner ranges to oblique reveatsgtral slip in
the outer ranges and pure thrusting in the westernmost foreland belt.

Key words: Stress analysis; focal mechanism solution; geodetig stud

1 Shear wave anisotropy beneath the Tibetan Plateau. Daniel E. Mc Namara and
Thomas J. OwensJournal of Geophysical Research, Vol. 99, No. B7, Pages 13; 655
13, 665, July 10, 1994.

Abstract:
Eleven broadband digital seismic stations were deployedsithe Central Tibetan
Plateau in the first extensive passs@irce experiment attempted within the Tibetan Plateau.
One year of recording resulted in 186 evstattion pairs which we analyze to determine the
chaacteristics of shear wave splitting in tiggpermantle beneath the array. Measurements of
the fast polarization directicgn% ) and del ay time (uUut) for SKS
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tematic variation along the nortfouth oriented array. In the north central region of the pla

eau, very large delay times are observed at three stations, the largest of which is BUDO with

U t24 s. However, at TUNL, which is off the northern edge of the plateau and 110 km from
BUDO and at sites in the south central pl at
observe a systematic rotati oW)franfsawthtohartto m abo
along the array. A previously identified zone of inefficient Sn propagation correlates well
with our region of | arge 0t observations. TI
number of anisotropic crystals are preferentially algmethin the mantldid beneath the

north central portion of the Tibetan Plateau. In most cases fast polarization directions appear

to be parallel to surface geologic features suggesting as much as 200 km of the upper mantle
has been involved in the coltmal deformation that has produced the Tibetan Plateau.

Key words: Shear wave anisotropy; polarization direction; delay time.

1 Someobservationson the mechanismof earthquakesin the Himalaya and the Bur-
mesearc. Satyajit Biswasand Amit Das Gupta. TectonophysicsVolume 122, Issues
3i 4, 15 February 1986,Pages325 343.

Abstract:

Through a closely spacedlocal network of seismic stationsin northwesternand
northeasterrindia, supplementedyy worldwide P-wave first-motion data, the fault mecla-
nismsof fourteenrecentearthquake$1975 1977)which ocaurrednearthe northernboundh-
ry of the Indian plate,extendingfrom the Owen FractureZoneto Burmathroughthe Hima-
layas,havebeendeterminedandtheir mechanismnstyle discussedn the light of the concept
of Himalayanplatetectonics.The newsolutionsrevealthatthrusttype faulting with predan-
inanceof pressureaxesactingat right anglesto the northernboundaryof the Indian plate,is
more common.In the easternsectorthe occurrenceof both normal and thrusttype earh-
guakefaulting points out the complexityof deformationin the region. The mechanisnstyle
of normalfaulting is bestexplainedin termsof lithosphericbendingandthe strainellipsoid
concept.Fault mechanisnstudiesare, by andlarge, consistentwith the northwardthrusting
of the Indian plate.However,orientationsf pressureaxes,asobtainedfrom presentandea-
lier mechanismsolutions,suggesthat the dominantnorthwarddriving force of the Indian
plateis resolvedinto differential forcesin variousdirectionsalongthe Indian-Burmeseplate
boundary.

Key words:OwenFractureZone;fault mechanismstrainellipsoid; thrusttype earthquake.

1 Sourceparameters of earthquakesand intraplate deformation beneaththe Shillong
plateau and the Northern Indoburman Ranges.WangPing Chen and PeterMolnar.
Journal of GeophysicalResearchVol. 95, No. B8, Pagesl12,527 12,552 ,August 10,
1990.

Abstract:

We determined the fault plane solutions and focal depths of 17 earthquakes beneath
the Shillong Plateau and the Northern Indoburmang@sa by combining results from the i
version of longperiod P and SH waveforms and amplitudes, from polarities of first motions,
and from the identification of pP and sP phases on-gleoibd seismograms. Fault plare s
lutions of 15 earthquakes show misda of thrust and strikslip faulting, but the P axes for
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these events are nearly horizontal and consistently orientednattieastsouthsouthwest.

All of these earthquakes occurred at depths greater than 29km. Beneath the Shillong Plateau,
one eventoccurred at a depth of 52km. The relatively large depths for earthquakes in an
intraplate setting suggest that the Indian lithosphere in this area is specially cold. Earthquakes
beneath the Northern Indoburman Ranges define a genthg@matbieast dippingone from

30 to 45 km beneath the Bengal basin to 40 to 90 km beneath the ranges. This zone seems to
steepen and connect with the zone of intermediate depth seismicity dips eastward beneath
Burma. These earthquakes cannot have occurred along the inteefasen a subducting

Indian plate and the overriding Indoburman lithosphere, because the P axes, not the nodal
planes, are parallel to the nogbuth trending seismic zone. Although a couple of théreart
guakes might have occurred within the Indoburmamo$iphere, most of these seismicity
seems to have occurred within the Indian plate, recently and currently being subdueted eas
ward beneath the Indoburman ranges. The consistentmanttieast trend of the P axes-i

plies that the orientation of maximum cprassional strain in the Indian plate throughout its
northern part is nearly perpendicular to that responsible for roughly-sauth trending

folds of the Indoburman ranges. Thus, either recently in geologic time (since 1Ma) the orie
tation of maximum campression changed dramatically, or, more likely, the deformation in
the Indoburman ranges is decoupled from that in the underlying Indian plate. Meanwhile, the
seemingly identical northward displacement of India and the Indoburman ranges with respect
to saith China must be accommodated farther east, along the Sagaing and other faults.

Key words: Fault plane solutions; shperiod seismograms; compressional strain.

1 Source parameters of the Burma-India border earthquake of July 29, 1970, from
body waves.B.K. Rastog and D.D. Singh TectonophysicsVolume 51, Issuesi3t, 20
Decemberl978,PagesT77i T84.

Abstract:
The sourceparametersiredeterminedor the Burmalndia borderearthquakef July
29, 1970, from  bodywave spectra. We obtain seismic moment

[f'_fa{"p} =4.83 Mo(S) = 340 : 10°°dyne _ cm,  source  dimensobn
[F(P)=22.5,—r (S} =27.7] km, radiatedenergy[Er (F}=7.19 1ER(S) = 1.35]
10%° ergsandthe stressdrop= 11 bars.

Key words:Body-wavespectraseismicmoment;sourcedimensionyadiatedenergy.

1 Spectral analysisof body wavesfor earthquakesand their sourceparametersin the
Himalaya and nearby regions.D.D. Singh B.K. Rastogiand Harsh K. Gupta. Phys-
ics of the Earth and Planetary InteriorsVolume 18, Issue 2February 1979, Pages
143 152.

Abstract:

The sourcecharacteristiceof 33 earthquakesvith magnitudem, betweem.4 and6.0,
which occurredin the Himalayanand nearbyregions,are investigatedusingthe recordsof
the Hyderabadseismograplstation.The P- and S-wavespectraof theseeventsareinterprd-
ed in termsof Brune'sseismicsourcemodel for estimatingthe source parametersi.e.,
seismicmoment,sourcedimension,stressdrop, averagedislocation,apparenstressandthe
radiatedenergy. Seismic momentsMy, vary between0.3 x 10**and 9.0 x 10°° dyne cm;
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sourcedimensionsy, betweerd.3 and 18.6 km; stressdrops,op Ubetween0.3 and 151.6bar;
averagalislocationsj: betweer0.6 and381 cm; apparenstressesfi? betweern0.1and73.2
bar. Theradiatedenergy,Er is estimatedoy the spectrumintegrationmethodandis foundto
vary between0.2 x 10" and9.3 x 10?? erg. In generalthe stressdropandapparenstressare
foundto be high, indicatinghigh stresse theseregions.

Key words: Spectralanalysis;Brune'sseismicsourcemodel;seismicmoment;sourcedimen-
sion; stresgdrop; averagadislocation;apparenstressradiatedenergy.

1 Stress buildup in the Himalaya. L. Bollinger, J.P. Avouac, R. Cattin and M.R.
Pandey.J. Geophys. Res.(2004), 109, B11405, doi:10.1029/2003JB002911.

Abstract:

The seismic cycle on a major fauhvolves long periods of elastic strain and stress
accumulation, driven by aseismic ductile deformation at depth, ultimately released by sudden
fault slip events. Coseismic slip distributions are generally heterogeneous with most of the
energy beingreesed i n the rupture of asperities. S
generally do not accumulate any significant permanent deformation, interseismie defo
mation might be heterogeneous, revealing zones of focused stress buildup. The pattern of
current deformation along the Himalayan arc, which is known to produce recurring dlevasta
ing earthquakes, and where several seismic gaps have long been recognized, might accor
ingly show significant lateral variations, providing a possible explanation fourlesen
microseismic activity along the Himalayan arc. By contrast, the geodetic measurements show
a rather uniform pattern of interseismic strain, oriented consistently withtéomygeolog
cal deformation, as indicated from stretching lineation. We dhaivthe geodetic data and
seismicity distrilotion are reconciled from a model in which microseismicity is interpreted as
driven by stress buildup increase in the
interseismic period. The uneven seismicity pattern is shown to reflect the impact of the t
pography on the stress field, indicating low deviatoric stresses (<35 MPa) and a low friction
(<0.3) on the Main Himalayan Thrust. Anormal thrusting along the Himalayan front and
eastwest extension in southern Tibet are quantitatively reconciled byadelm

Keywords: Coseismic; interseismic; microseismicity; geodesy; deviatoric stresses.

i Strong attenuation of Rayleigh waves in TibetPeter Bird and M. Nafi Toksoz Na-
ture 266, 161- 163 (10 March 1977), D0i:10.1038/266161a0.

Abstract:

The Thbetan Plateau, which has an average elevation of 5.0 km ovet kw3 s the
largest topographic mass above-aeel on the Earth. Because it is covered with Cretaceous
limestone$its uplift must be Tertiary, and is probably related to the Himalayatinemtal
collision. There is considerable debate concerning its present structure and mode of fo
mation. Various authors have theorised that Tibet was uplifted by underthrusting of a second
crustal laye? % by horizontal compression and thickerlifigor by low-density material in
the mantlé®. All that is known with certainty is that it is isostatically compensatezhd
covered with widespread Neogene ealkaline volcanic rocKS. The study of Rayleigh
wave attenuation reported here indicates thaldlwvermost part of the crust is partially lmo
ten, and that uplift has been due to horizontal compression.
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Key words: Rayleigh wave; underthrustimgrizontal compression; lowensity.

Subduction in the Indo-Burma Region: Is it still active? S. P. Satabala. Geophysical
Research Letters, Volume 25, Issue 16 pages 3189319215 August 1998,
Doi: 10.1029/98GL02256.

Abstract:

The IndeBurma region (which includes longitud@®96°E, latitude 20°26°N) is a
subdwtion zone where the Indian plate underthrusts the Sieasitern Asian plate. But the
nature of subduction is complex. | examine here the distribution of the P, T and B axes of 37
earthquakes (the time period 197995 depths D153 km and magnitudes, 4.8 6.8) with
respect to the geometry of the WadB#gnioif Zone. The analysis shows that the T axes are
clustered close to the dowvdip direction of the subducting slab implying a predominant
downdip tensional stresgegime within the slab, which is typical of intermediate deptk-sei
micity of active subduction zones. These results suggest that the subduction in the Indo
Burma region is possibly active.

Key words: SouttEastern Asian plate; Waddenioif Zone; dowrdip tensional stress.

1 Surface wave tomography studies beneath the Indian Subcontinent. D.D. Singbe-
odynamics, 28(1999), 29301

Abstract

The Rayleigh wave group velocities at periods of 5 to 60 s across more than eighty
propagation paths of the Indi@ubcontinent are used to construct estimated Rayleigh wave
group velocity distribution maps of ttphe reg
plied for the surface wave tomography studies. High values of Rayleigh wave group velocity
are cocentratedat periods of 30 to 60 s near the region of the Precambrian shield of central
India, the Chingast India border, the Pakistan Kashmir border, the-Bulmmese arc and
the west Nepalibet border regions. Low values of group velocity are located at jgeoibd
10 to 20 s in the northernmost part of India beneath the Bangladesh shelf and beneath the
northernmost part of the Bay of Bengal Fan and the Arabian Sea, which may be due to the
presence of thick sediments in the region. Higher group velocities iatipeaf 40 to 60 s
around the region of the West Indtakistan border suggest thinning of the Indianolith
sphere beneath the region. The nature of the high Rayleigh wave group velocities at periods
of 29 to 59 s in the Peninsular shield and the Himalagicates the continuation of shield
type structure beneath the Himalaya. The nature of the Rayleigh wave group velocities in the
Bay of Bengal inttates the continuation of the Ninetyeast Ridge up to the Bangladesh shelf
below a depth of 25 km.

Key words:Sur f ace wave tomography; Backus and G
wave.

1 The Active Tectonics of the Eastem Himalayan Syntaxis and Surrounding Regions.
Williame Holt, James F. Ni, Terry C. Wallace and A.J. HainesJournal of Geophys
cal Research, Vio 96, No. B9, Pages 14,594,632, August 10, 1991.

77


http://onlinelibrary.wiley.com/doi/10.1002/grl.v25.16/issuetoc

Abstract:

Source parameters of 53 modersiteed earthquakes obtained from the joint iave
sion of regional and teleseismic distance lpegiod body waves provide the data set for an
analysis of the gte of deformation and kinematics in the region of the Eastern Himalayan
Syntaxis. Focal mechanisms of Eastern Himalayan events show oblique thrust consistent
with the NNE directed movement of the Indian plate as it underthrusts a boundary that
strikes atan oblique angle to the direction of convergence. Earthquakes near the Sagaing
fault show strikeslip mechanisms with right lateral slip. Earthquakes on its northern splays,
however, indicate predominant thrusting evidence that the dextral motion oragaen
fault, which accommodates a portion of the lateral motion between India and Southeast Asia,
terminates in a zone of thrust faulting at the Eastern Himalayan Syntaxis. Remaining motion
between India and Southeast Asia is accommodated in a zondrifutksl shear in East
Burma and Yunnan, manifested by stridgp and oblique normal faulting, easest exte-
sion, crustal thinning and clockwise rotation of crustal blocks. We determined strain rates
throughout the region with a moment tensor summatising 25 years (modem) and 85
years (modem and historic) of earthquake data. We matched the observed strains with a fifth
order polynomial function, and from this we determined both the velocity field and rotations
with respect to a specified region. Vettes calculated relative to South China stationary
show that the entire area, extending from 268%%N, within deforming Asia (Yunnan,
Westem Sichuan and East Tibet), constituted a distributed dextral shear zone with clockwise
rotations upto 1.7°/m.y., aximum in the region of the Eastern Syntaxis proper. Integrated
strains across this zone, relative to South China stationary show 38 mm/yr+12 mm/yr of
north-directed motion at the Himalaya. Remaining plate motion, relative to South China
fixed, must be taén up by the underthrusting of India beneath the lesser Himalaya; strike
slip motion on the Sagaing fault and intraplate NE directed shortening within NE India as
well as NE directed shortening within the Eastern Syntaxis proper. 10 mm/yr+2 mm/yr of
relative rightlateral motion between India and Southeast Asia is absorbed in the region b
tween the Saging and Red River faults (94°ED0°E). It is the clockwise vorticity (relative to
South China) associated with the deformation in Yunnan, East Tibet anérilv&€sthuan
that provides the relative nortlirected motion of 3812 mm/yr at the Himalaya. Not all of
the deformation is accommaed in rightlateral shear between India and South China and
between East Tibet and South China; velocity gradients essatk parallel to the trend of
the shear zone. Rative to a point within Western Sichuan ( 32°N, 100°E), the velocity field
shows that the Yinan crust is moving-SE at rates of-80 mm/yr. Relative to South China,
there is no eastward exXgion of crugal material beyond the eastern margin of the Tibetan
plateau.

Key words: Eastern Himalayan Syntaxis; focal mechanisms; oblique thrust; Sagaing fault;
strike-slip mechanisms.

1 The b value before the 8 August, 1988 India Myanmar border region earthquake -
A case study. O.P. Sahu and M.M. Saikial ectonophysics, 234(1994), 34%4.

Abstract:

Smith (1981, 1986) and Wyss et al. (1990) have observed that interméshiateu-
escence is often associated with an increasing b value. This study pertaiesemploral
behaviour of the b value before the earthquake™ABgust, 1988, which occurred in the
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India= Myanmar border region. The b value in the preparation zone of the earthquake (21°
25.5° N, 93°96° E), as identified by Gupta and Singh (1986,9)9& found to havenk

creased graghlly from 1976 to a maximum value of 1.33 during July, 1987, followed by a
short term drop before the occurrence of the earthquake. This quiescence period observed by
Gupta and Singh (1986, 1989) for this earthquakeiter reflected by the intermediaterm
increase in thewalue. A drop in the mean magnitude since 1978 is supported by a CUSUM
plot.

Key words: Quiescence; b value; CUSUM plot.

1 The nature of noise wavefield and its applications for site effects gsties: A litera-
ture review. Sylvette BonnefoyClaudet, Fabrice Cotton and PierreYves Bard.
Earth-Science Reviews xx (2006) Xxxxx.

Abstract:

The aim of this paper is to discuss the existing scientific literature in order to gather
all the available infanation dealing with the origin and the nature of the ambient seismic
noise wavefield. This issue is essential as the use of seismic noise is more and more popular
for seismic hazard purposes with a growing number of processing techniques based on the
assunption that the noise wavefield is predominantly consisting of fundamental mgde Ra
leigh waves. This survey reveals an overall agreement about the origin of seismic noise and
its frequency dependence. At frequencies higher than 1 Hz, seismic noise systbmeati
hibits daily and weekly variations linked to human activities, whereas at lower frequencies
(between 0.005 and 0.3 Hz) the variation of seismic noise is correlated to natural activities
(oceani c, met eorol ogi cal é) . ortsSthecihterpeetatisnuof f a c e
seismic noise wavefield consisting primarily of surface waves. However, the further, very
common (though hidden) assumption according which almost all the noise energy would be
carried by fundamental mode Rayleigh waves is nppsted by the few available data: no
Afaverageodo number can though be given concerr
body waves, Love and Rayleigh waves (horizontal components), fundamental and higher
modes (vertical components), since the ferailable investigations report a significant ivar
ability, which might be related with site conditions and noise source properties.

Keywords: Seismic noise wavefield; microseisms; microtremors; surface waves; seismic
hazard.

1 The seismicb-value and its correlation with Bouguer gravity anomaly over the
Shillong Plateau area: Tectonic implications. P.K. Khan and Partha Pratim
Chakraborty D:\Project0273Project_Bibliograph\GPRP0273ScienceDirect.com -
Journal of Asian Earth Science§he seismic bvalue and its correlation with Bouguer
gravity anomaly over the Shillong Plateau areatdi@c implications.htm aff2. Journal
of Asian Earth Seences Volume 29, Issue 115 January 2007,Pagesl36 147.

Abstract:

Cluesto the understandingf intra- and inter-plate variationsin strengthor stress
stateof the crustcanbe achieved throughdifferent lines of evidenceand their mutualrela-
tionships. Among theseparameterdBouguer gravity anomaliesand seismicb-valueshave
beenwidely acceptedver severaldecadegor evaluatingthe crustalcharacterandstressre-
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gime. The presentstudy attemptsa multivariate analysisfor the Shillong Plateauusingthe
Bouguergravity anomalyandthe earthquakelatabaseand establishes causalrelationship
betweentheseparameterskFour seismiczones(Zonesli IV), with widely varyingb-values,
are delineatedand an excellentcorrelation betweenthe seismicb-value and the Bouguer
gravity anomalyhasbeenestablishedor the plateau.Low b-valuescharacterizeéhe souh-
westernpart (Zone V) anda zone(Zonelll) of intermediaté-valuesseparateshe eastern
andwesternpartsof the plateau(Zonesl andll) which havehigh b-values.PositiveBouguer
anomalyvaluesas high as +40mgal, a steepgradientin the Bougueranomalymap and
low b-valuesin the southwesterrpart of the plateauare interpretel asindicating a thinner
crustalroot, uplifted Moho and higher concentratiorof stress.In comparisonthe negative
Bougueranomalyvalues,flat regionalgradientin the Bougueranomalymapandintermed-
ateto highb-valuesin the northernpart of the plateauare consistentwith a comparatively
thicker crustalroot andlower concentratiorof stresswith intermittentdissipationof energy
throughearthquakeshocks Further,depthwise variationin the b-valuefor different seismic
zonesdelineatedunderthis study,allowedan appreciatiorof intra-plateauvariationin crus-
tal thicknessdrom 30 km in its southerrpartto 38 km in the northernpart. The high b-values
associatedvith the depth,coincidingwith lower crust,indicatethat the Shillong Plateauis
supportedy a stronglithosphere.

Keywords:Bouguer anomalyb value Shilong plateaustress statestrong lithosphere
1 The source of the Great Assam Earthquak& An interplate wedge motion. Ari Ben

Menahem, Ezra Aboodi and Rivka Schild Physics of the Earth and Planetary Inter
ors, 9 (1974), 265 289.

Abstract:
The source of the Assam earthquake of Aug. 15, 1950 is revealed from amphtude o
servations of surface and body waves at Pasadena, Tokyoargil8en . Sei ches b amg

Norway, initial P motions throughout the world, aftershocks and landslides distribution, PP/P
ratio at Tokyo, R/L ratio and directivity at Pasadena, are also use@nsheng fault geost

try and kinematics is consistent witrethhenomenology of the event and the known geology
of the source area. It is found that a progressive sstigerupture with velocity 3 km/sec
took place on a fault of length 250 km and width 80 km strikingd3387°east of north and
dipping 5% 60°to ENE.The use of exact surfacewave theory and asymptotic-\vashe
theory which takes into account finiteness and absorption, rendered an average shaar disloc
tion of 35 m. A threadimensional theory for the excitation of seiches in lakes by the Imerizo

tal accéeration of surface waves was developed. It is confirmed that Love waves nmear Be
gen generated seiches with peak amplitude up to 70epending strongly on the width of

the channel. It is believed that the earthquake was caused by a motion of the #siaebpl

tive to the eastern flank of the Indian plate where the Isam block is imparted a tendency

of rotation with fracture lines being developed along its periphery. Comparison with other
well-studied earthquakes shows that although the matgof he Assam event superseded
that of all earthquakes since 1950, its potengy5700,000 m X ki) was inferior to that

of Alaska 1964 (1,560,000 m X Krand Chile 1960 (1,020,000 it X Kin

Key words: Fault geometry and kinematics; stskie rupture; tiheedimensional theory;
Love wave.
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1 Timing and return period of major palaeoseismic events in the Shillong Plateau,
India. B.S. Sukhija, M.N. Rao, D.V. Reddy, P. Nagabhushanam, Syed Hussain, R.K.
Chadha and H.K. Gupta. Tectonophysics Volume 308 (1Elsevieri Jul 10, 1999.

Abstract:

The close temporal occurrence of four great earthquakes in the past century, including
the great Assam earthquake of 1897 in the Shillong &latgecessitated examination of the
palaeoseismicity of the region. The results from such investigation would definitely aid in
addressing the problem of the earthquake hazard evaluation more realistically. Our recent
palaeoseismological study in the Sty Plateau has led us to identify and provide geolog
cal evidence for large/major earthquakes and estimate the probable recurrence period of such
violent earthquakes in parts of the Shillong Plateau and the adjoining Brahmaputra valley.
Trenching along th Krishnai River, a tributary of the River Brahmaputra, has unravelled
very conspicuous and significant earthqualduced signatures in the alluvial deposits of the
valley. The geological evidence includes: (1) palaeoliquefaction features, like sancgkes
sand blows; (2) deformational features, like tilted beds; (3) fractures and syndeposéional d
formational features, like flame structures caused by coeval seismic events. Chronological
constraints of the past large/major earthquakes are providedufyper and lower radioca
bon age bounds in the case of the palaeoliquefaction features, and the coeval timing of the
palaeoseismic events is obtained from the radiocarbon dating of the organic material assoc
ated with the deformed horizon as well as butreé trunks observed wide distances apatrt.
Our palaeoseismic measurements, which are the first from the area, indicate that the Shillong
Plateau has been struck by large/major earthquakes around 500+150, 1100+150 and
>1500+150 yr BP, in addition to the wd&inown great seismic event of 1897, thereby the 14
C dates indicate a recurrence period of the order of 500 yr for large earthquakes in the
Shillong Plateau.

Keywords: Palaeoseismicity; palaeoliquefaction; deformational features; fractures;
syndepositioal deformation.

91 3-D seismic structure of the northeast India region and its implications for local and
J.R. Kayal. Journal of Asian Earth Sciences (2008), 33,i24L.

Abstract:

In this study we attempted to estimat® F-wave velocity structure of norlast h-
dia region using the first arrival data of local earthquakes that were recorded by about 77
temporary/permanent local seismic stations. The data set, the published bulletins, include
3494 Rwave travel times and 3064 B travel times from 980 loc&arthquakes that were
located with a minimum of six observations. The located earthquakes having dimavel
root mean square (RMS) residual 60.49 s and azimuthal gap 6180 _ are selected to compute a
1-D velocity model for the region, which is used asiahimodel for the subsequemBin-
versions. Our results demonstrate that the comput@d@ocity model has significantlyn-
proved hypocenter locations of the selected 980 earthquakes by reducing the RMS error
(60.06) by about 88% with respect to thgttbe :D velocity model. The reconstructed P
wave velocity (Vp) structure, with relocated events, reveal strong heterogeneity in lateral as
well as in vertical direction corresponding to the local and regional geology/tectonics of the
region. High Vp is mpped beneath the Shillong Platiddikir hills and in the vicinity of
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Indo-Burma ranges at shallower crust (<10 km) suggesting dense crystalline rocks under
compressional stress. A prominent NBE trending low Vp structure is imaged between the
Shillong Pateau and Mikir hills at 20 km depth, which corresponds to the Kopili fault. The
Kopili fault system extends down to 30 km depth as evidenced by the low Vp. A high Vp is
imaged below the Mikir hills at 40 km depth, which is possibly the stress conceriitnator
high seismic activity along the Kopili fault, particularly at the fault end. The Bengal basin,
south of the Shillong Plateau, is identified as a low Vp zone extending down to a depth of
about 20 km, that indicates the thick alluvium sediments.

Keywords: 3D seismic structure; RMS residual; azimuthal gap.

1 Is shillong region, Northeast India, undergoing a dilatancy stage precursory to a
large earthquake?Harsh K. Gupta and V.P. Singh. TectonophysicsVolume 85, I s-
suesli 2, 10 May 1982, Pages B33.

Abstract:

Gupta H.K. and Singh V.P., 1982. Is Shillong region, northeast India, undergoing a
dilatarcy stage precursory to a large earthquake? In: A.L. Hales and Z. Suzuki (Editors),
Earthquake Predictiohectonophysics85: 31 33.

1 Mapping the crustal thickness in Shillong Mikir Hills Plateau and its adjoining r e-
gion of northeastern India using Moho rdlected waves. Dipok K. Bora and Saurabh
Baruah. Journal of Asian Earth Sciences, 48 (2012)i82.

Abstract:

In this study we have tried to detect and collect later phases associated with Moho
discontinuity and used them to study the lateral variatiodnshe crustal thickness in
Shillong Mikir Hills Plateau and its adjoining region of northeastern India. We use the inve
sion algorithm by Nakajima et al. (Nakajima, J., Matsuzawa, T., Hasegawa, A. 2002. Moho
depth variation in the central part of northeastJapan estimated from reflected and-co
verted waves. Plsics of the Earth and Planetary Interiors, 130;43), having epicentral
distance ranging from 60 km to 150 km. Taking the advantage of high quality broadband data
now available in northeast Indiave have detected 1607 Moho reflected phases (PmP and
SmS) from 300 numbers of shallow earthquake events (depth 6 25 km) in SiMiking
Hills Plateau and its adjoining region. Notably for PmP phase, this could be identified within
0.5 2.3 s after theifst P-arrival. In case of SmS phase, the arrival times are observed within
1.0i 4.2 s after the first-@rrival. We estimated the crustal thickness in the study area using
travel time diference between the later phases (PmP and SmS) and the first RrandlS
The results shows that the Moho is thinner beneath the Shillong Plateau at88ik@8band
is the deepest beneath the Brahmaputra valley to the north abdt 89, deeper byisbs
km campared to the Shillong Plateau with simultaneous observafidghinnest crust (_33
km) in the western part of the Shillong Plateau in the Garo Hills region.

Keywords:Moho discontinuity Shillong Mikir Hills Plateagiinversion algorithm

82


http://www.sciencedirect.com/science/article/pii/0040195182900749
http://www.sciencedirect.com/science/article/pii/0040195182900749
http://www.sciencedirect.com/science/journal/00401951
http://www.sciencedirect.com/science/journal/00401951/85/1
http://www.sciencedirect.com/science/journal/00401951/85/1

1 Evolution of the Himalayan Paleogene foreland basin, influence of its lithpacket
on the formation of thrust-related domes and windows in the Eastern Himalayas
A review. S.K. Acharyya.Journal of Asian Earth Sciences, 31 (2007) 17.

Abstract:

EocenéOligocene foreland basin was formed in response to thel Wsiia collision
and ensuing Himalayan orogenesis. The initial collision during late Paleocene to @arly E
cene was broadly contemporaneous laterally. The Paleogene sediments although wiscontin
ously exposed are remarkably similar in their character and organizatior. Easkern Hn-
alayas it is virtually concealed tectonically, but is exposed close to and beneath the Main
Boundary Thrust (MBT) as narrow but laterally extensive thrust slivers of fossilifermus E
cene sediments. Lateral continuity and similar marine fautizeim establish the presence of
thicker Eocene sediments beneath MBT further north. Several domes and windows in the
Eastern Himalayan frontal belt have evolved with similar geometry. The largest Siang Wi
dow exposes duplex antiform of Paleogene sedimamdsvolcanics at the core, which have
arched up the MBT roethrust. The latter underliggassively domedp Late Plaeozoic and
Proterozoic Himalayan thrust packets. The cores of other windows mainly expegeatbev
Proerozoic rocks, with or without théate Paleozoic rocks. A similar sequence of-pre
Tertiary thrust packet is exposed to the south in the frontal belt, which override the Neogene
sediments across MBT. A buried basement indenture of the Indian continent congnues b
neath the Siang Window lated at the Eastern Himalayan Syntaxis. The cores of other wi
dows are possibly archeg by the duplexes of pikertiary and Tertiary sediments during
the process of southward movement of the crystalline and foreland sheets.

Keywords: Indi&Asia collisin; Laterally contemporaneous collision; Paleogene foreland
basin; Paleogene stratigraphy; Thrust tectonics.

1 Ground motion parameters in Shillong and Mikir Plateau supplemented by mp-
ping of amplification factors in Guwahati City, Northeastern India. Saurabh
Baruah, Santanu Baruah, Aditya Kalita and J. R. Kayal. Journal of Asian Earth
SciencesVolume42,Issue6, 11 November 2011, Pages 142436.

Abstract

Ground motion parameters for Shillaidikir Plateau of Northeastern India arg-e
amined.Empirical relations are obtained for ground motions as a function of earthquake
magnitude, fault type, source depth, velocity characterization of medium and distanee. Corr
lation between ground motion parameters and characteristics of seismogenic zesé&b-are
lished. Simultaneously, new empirical relations are derived for attenuation of ground motion
amplitudes. Correlation coefficients of the attenuation relations depend on the site alassific
tions that are identified based on average shear wave vedodtgite response factors. The
attenuation relation estimated for logarithmic width of Mikir Plateau found to be a little bit
higher than that of Shillong Plateau both for soft and hard ground which accounts-for ge
metrical spreading and anelastic attdimm Simultaneously, validation are made studying
the seismic microzonation process related to geomorphological, geological subswaface fe
tures for thickly populated Guwahati city of India under threat from scenario earthquake.

Keywords:Groundaccelerabn; Predominanperiod Shakingduration Responsspectra.
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1 Geology and tectonic history of the Lohit Valley, Eastern Arunachal Pradesh, India.
N.S. Gururajan and B.K. Choudhuri. Journal of Asian Earth Sciences 21 (2003)
731 741.

Abstract:

The Lohit Rver section of eastern Arunachal Pradesh comprises four tectonic units.
From SW to NE these are: the Lesser Himalayan rocks, the Mishmi Crystallines, the Tidding
Suture Zone and the Lohit Plutonic Complex. The Mishmi Thrust underlies the basal Lesser
Himalayan unit, while the Mishmi Crystallines are thrust over the Lesser Himalayan unit
along the Main Central Thrust. The grade of metamorphism in the Mishmi Crystafiines i
creases up the structural section from chlorite to staurkyigaite zones, exhibitinmverted
metamorphism. The relationship between deformation and metamorphism shows that the
metamorphic peak was syto posttectonic in relation to the main ductile shearing event.
Continued deformation, after the metamorphic peak, was accommodatgdnalbmetre
scale shear zones, developed throughout the sequence, parallel to the regional schistosity.
Movement along these shear zones has resulted in inversion of the metamorphic zones. The
rocks of the Tidding Suture represent an ophiolitic me’lanigejst over the Mishmi
Crystallines, which in turn are overthrust by the Lohit Plutonic Complex along the Lohit
Thrust. The Lohit Plutonic Complex is subdivided into western and eastern belts separated by
the Walong Thrust. The western belt consists obwheéd quartadiorite, diorite, gabbro and
trondhjemite, intruded by basic and acid dykes. The eastern belt comprisesgjiimahite
gneiss, intercalated with crystalline marble bands, followed by a complex zone of
leucogranites, aplites and pegmatitesich intrude the early foliated quastiorite, soda
rich granite and microdiorite. The rocks of the eastern belt are the northward continuation of
the Mogok Gneissic Belt of central Burma. The occurrence of intrusive rocks in the eastern
belt suggestshat the magmatism related to subduction extended to the east, far from the
subduction zone. The peraluminous leucogranites, aplites and pegmatites are the products of
crustal melting, induced by crustal thickening related to the intracontinental Walouasgt.Thr
Subsequent to metamorphism and shearing, the whole sequence was folded into an antiform,
forming the Eastern Syntaxis, and this deformation steeply tilted the earlier low angle thrusts
and foletions. Later compression partitioned into right latetake-slip motion, producing a
supeimposed suihorizontal lineation observed mostly in the Lohit Plutonic Complex.

Keywords:Lohit Valley; Tectonichistory, Mishmi Crystallines.
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Mapping the descent of Indian and Eurasian plates beneath
the Tibetan Plateau from gravity anomalies

Yu Jin and Marcia K. McNutt

Department of Earth, Atmospheric, and Planetary Sci M husetts Institute of Technology
Cambridge '

Yong-sheng Zhu
Department of Marine Geology, Ocean University of Qingdao, Qingdao, China

Abstract. The collision of India with Asia has produced a complicated continental-continental
plate boundary involving folding and faulting of variable trends and styles within and along the
margins of the Tihetan Plateau. Numerous lines of evidence, including the development of two
scales of folding in Tibet, suggest that the lowermost crust is behaving in a ductile fashion. This
weak lower crust might then decouple the fundamental plate tectonic motions in the uppermost
mantle from the complex pattern of surface faulting. In this study, we use Bouguer gravity
anomalies to map out the geometry of Indian and Eurasian plate interactions in the mantle beneath
the plateau based on both the inferred geometry of the Moho and lateral variations in lithospheric
strength determined from mechanical modeling. In our preferred model, the lithosphere beneath
Tibet consists of two distinct units: (1) the underthrust (to the north) Indian plate, which sutures
with the Eurasian plate in the upper mantle below the Yarlung-Zangpo Suture or the Gangdese
igneous belt, 200-400 km north of the Main Boundary Thrust, and (2) the underthrust (to the
south) BEurasian plate. A subducting slab of Indian upper mantle extends about 200 km into the
asthenosphere north from the mantle suture and exerts a bending moment of about 3.5x10!7 N on
the Indian plate. Thus the mantle lithosphere appears to be behaving in the simple fashion of
converging oceanic plates, while the more buoyant continental crust deforms under high
gravitational potential in a complex pattern controlled by its lateral and vertical strength
heterogeneity.

Key words: Gravity anomaly; mechanical modeling; Moho.

VOL. 82, NO. 20 : " JOURNAL OF GEOPHYSICAL RESEARCH JULY 10, 1977

The Energy Release in Great Earthquakes

Hiroo KANAMORI
Seismological Laboratory, California Institute of Technology, Pasadena, California 91125

The conventional magnitude scale M suffers saturation when the rupture dimension of the earthquake
exceeds the wavelength of the seismic waves used for the magnitude determination (usually 5-50 km).
This saturation leads to an inaccurate estimate of energy released in great carthquakes. To circumvent this
problem the strain energy drop W (difference in strain energy before and after an earthquake) in greut
earthquakes is estimated from the seismic moment M,. If the stress drop Ae is complete, W = W, =
(Qa/2u)M, ~ My/(2 X 10%), where u is the rigidity; if it is partial, W, gives the minimum estimate of the
strain energy drop. Furthermore, if Orowan's condition, i.e., that frictional stress equal final stress, is met,
W, represents the seismic wave encrgy. A new magnitude scale M, is defined in terms of W, through the
standard energy-magnitude relation log W, = 1.5M.. + 11.8. M is as large as 9.5 for the 1960 Chilean
earthquake and connects smoothly to M, (surface wave magnitude) for earthquakes with a rupture
dimension of about 100 km or less. The M, scale does not suffer saturation and is a more adequate
magnitude scale for great earthquakes. The seismic energy release curve defined by W, is entirely different
from that previously estimated from-M,. During the 15-year period from 1930 to 1965 the annual average
of W, is more than 1 order of magnitude larger than that during the periods from 1920 to 1950 and from
1965 to 1976. The temporal variation of the amplitude of the Chandler wobble correlates very well with
the variation of W,, with a slight indication of the former preceding the latter. In contrast, the number N
of moderate to large carthquakes increased very sharply as the Chandler wobble amplitude increased but
decreased very sharply during the period from 1945 to 1965, when W, was largest. One possible
explanation for these correlations is that the increase in the wobble amplitude triggers worldwide seismic
activity and accelerates plate motion which eventually leads to great decoupling earthquakes. This
decoupling causes the decline of moderate to large earthquake activity, Changes in the rotation rate of the
earth may be an important element in this mechanism.
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