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ABSTRACT. Slip vectors of thirty-nine thrust events occurring along the Himalayan collision zone have
been compared with the velocity veciors between the Indian-Furasian plates derived from the RM 2 and NUVEL 1
models. The observed deviations of the slip vector from the velocity vector have been interpreted in terms of
a simple kinematic model according to which the eastern and western blocks of south Tibet are separating  from
each other. From the model it is estimated that the western and eastern blocks of Tibet are moving at the rate
of 3.6 cm/year westwards at 76°E and 2.6 ¢m/year eastwards at 94°E with respect to Eurasia _respectively, re-
sulting in an east-west extension, projected to the trend at 85°E, at the rate of 5.5 cm/year. This would cor-

respond Lo a strain rate of about 6.9 » 107%/vear in central Tibetan region.
Key words—Slip vectors, Thrusi zene, Tectonics, Extension, Strain rate.

1. Introduction

The continued convergence between the Indian and
Eurasian continents appears to be the most probable
cause of the observed deformation in central Asia (e.g.,
Molnar and Tapponnier 1975). The deformation may
be observed in the shortening along the thrust faults
throughout the entire Himalayan front (Himalayan
Frontal Thrust, Main Boundary Thrust, Main Central
Thrust), the lateral displacement along the strike-slip
faults, viz., the Altyn Tagh and Kunlun faults in western
and castern Tibet, and the extension along normal faults
in central Tibet (Molnar and Tapponnier 1975, Ni and
Barazangi 1984, Tapponnier er al. 1986, Molnar and
Deng 1984, Baranowskier al. 1984). Studies of earth-
quake mechanisms play a key role in corroborating the
geologically obtained deformation data and discus-
sing their tectonic implications. It appears that,
through a detailed analysis of earthquake mechanism
data, we may be able to understand the ongoing tectonic
processes in the region. In this paper, thirty-nine thrust
events occurring alung the Himalayan thrust zones
have been studied in an attempt to understand the
possible relationship between their slip vectors and the
velocity vectors derived from the global plate motion
models of RM 2 (Minster and Jordon 1978)and NUVEL
I (De Mets er al. 1990). From a comparison between
the slip vector and the velocity vector along the arc,
we derive a simple kinematic models which proposes
that the eastern and western blocks of southern Tibet
are separating from each other. The occurrence of
normal and strike slip type of faulting in south Tibet
has been discussed in the frame work of this model.

2. Data and analysis

From the published literature, thirty-nine thrust
events occurring along the Himalayan thrust zones, of
which the shallow dipping nodal planes dip more or
less northerly, have been selected. This ensures the
assumption that the selected events are associated with
the process of underthrusting. Only the events having
the nearly vertical nodal planes, to which the slip vectors
are perpendicular, are well-contrained were selected.
The list of the selected events is given in Table 1. The
azimuth of the slip vector obtained from the focal
mechanism solution for each event is also listed in this
table.

We compare these slip vectors with the relative
motion between the Indian and Eurasian plates. The
rotation vectors used are from RM 2 (Minster and
Jordan 1978) and NUVEL 1 (De Mets et al. 1990).
The relative plate motion of the Indian plate with respect
to the Eurasian plate has been calculated at each epi-
central location using both the models above. Figs. 1 & 2
show the azimuths of the slip vector (dotted line) and the
velocity vector (solid line) at each epicentral location
for the NUVEL 1 and RM 2 models respectively. The
azimuth of the velocity vector measured from the north
and the magnitude of the velocity for the NUVEL 1
model are tabulated in Table 1.

3. Results

For a thrust event with a wcll-ponstraincd mechanism
solution occurring along the main thrust zone, the slip
vector should, in general, correspond to the velocity
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Fig. 3. Schematic model showing the cast-west extension caused
by the castward and westward movement ol castern and
western blocks respectively with respect Lo Eurasian plate

vector, provided that the rotation vector adequately des-
cribes the relative plate motion between the under-
thrusting and over riding plates. It is, therefore, possible
that any systematic deviation between these two vectors
may iraply that the southern Tibetan area is not part
of the Eurasian plate, if the uncertainties in the nodal
plane orientation are within tolerable limits. For the
slip vectors treated in this study, the uncertainty in slip
vectors would be about 10-2CG degrees. From Figs. 1 & 2,
we may find thet thereexists a systematic deviation between
the slip vector and the correspondirg velocity vector
calculated at the epicentre beyond the uncertainty in
slip vectors. It may be noticed that the difference bet-
ween the two vectors occurs on the castern and western
flanks of the Himalayan arc with an opposite sense. In
other words, the majority of the slip vectors on the
western flank show a clockwise rotation with respect
to the velocity vectors, whereas those on the eastern
flank show a counter-clockwise rotation. The change
over from clockwise to counter-clockwise rotation takes
place somewhere between the longitudes 84°-86°E
for NUVEL 1 and 85°-88°F for RM 2. Around this
location the slip vectors more or less coincide with the
velocity vectors. From a comparison between Figs. | & 2,
we may find that this deviation of the slip vectors
from the velocity vectors is more symmetric for
NUVEL 1 than for RM 2.

The observed deviations between the two vectors
may be well explained by a simple kinematic model
shown in Fig. 3. The vector diagram shown in this
figure explains the counter-clockwise rotation of the
slip vectors on the eastern flank of the arc if we assume
an eastward movement of the eastern block (EB)
along the arc with respect to the Eurasian plate.  Simi-
larly, the clockwise rotation of the slip vectors on the
western flank of the arc may beattributed to the westward
movement of the western block (WB) along the arc with
respect to the Eurasian plate. This opposite sense of
relative motion between the eastern and western blocks
may in turn result in an east-west extension in central
southern Tibet.

On the basis of this model, we calculated the velo-
city of the movement of the eastern and western blocks
of Tibet with respect to the Eurasian plate for NUVEL 1 .
For simplicity, the curvature of the Himalayan arc as
approximated by Seeber er a/. (1981) has been adopted
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Fig. 4. Plot of a-values (cm/year) versus longitude (deg. E) for
the events listed in Table 1. *+' or *“—"  signs of «
reprosent the westward or eastward moticn of the  tlock
respectively with respect to the Eurasian plate

(Fig. 3) for estimating the arc trend at each epicentral
location. In Fig. 3, EB, WB, EU and IND denote
the eastern block, western block, Eurasian and Indian
plates respectively. Solid and dashed arrows represent
the velocity vector of the IND-EU motion and the slip
vector of the thrust events respectively. Dotted arrows
represent the relative motion between the WB/EB and
the Eurasian plate. We assumed the motion between
EB (or WB) and Eurasia is parallel to the arc trend. The
numerical values designated by the letter ¢ in Table |
denote the relative motion of the western or eastern
block with respect to Eurasia at each epicentre with the
" sign indicating a westward motion and the *— sign
indicating an eastward motion. Fig. 4 shows a plot
of a-value versus longitude. By a least square fitting, we
obtained an expression of the form :

a = 29.4 — 0.34 < Longitude (“E) (cm/year) (1)
From this relation, the motion of the western block
was estimated to be 3.6 cm/year in the direction of N43°
W at 76 E and that of the eastern block 2.6 cm/year
in the direction of N83°E at 94° E. These velocity
vectors are projected to the arc trend at 85°E at which
the slip vectors more or less coincide with the velocity
vectors. producing an extension of 5.5 cm/year; this
would correspond to a strain rate of about 6.9 1079/
year in central Tibetan region, if we divide the extension
rate by the 800 km length of the extension zone shown
in Fig. 3.

4. Discussion

Evidence for the east-west extension in the Tibetan
plateau has been cited earlier by several investigators
using the information on, (a) geological field siudies
of active faulting (Niand York 1978, Tapponnier et al.
1982, Armijo et al. 1986), (b) landsat imagery (Molnar
and Tapponnier 1978), and (c) fault plane solutions
of earthquakes (Mculnar and Chen 1983, Ni and York
1978). Tapponnier ef al. (1986) using field studies
of active faults in south Tibet, suggested that
quaternary extension has been taking place at a rate
of approximately 1 cm/year in a direction NICO°E.
Molnar and Tapponnier (1978) using landsat imagery
data have conclud-d that north-sou'h striking normal fa-
ulting appears to be a dominant mode of present crustal
defermation within the Tibetan plateau; in contrast to
large scale left lateral strike-slip faulting in northeast Tibet.
Tapponnier ez al. (1982) have also mapped several en
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TABLE 1

Thrust events studied

Date Epicentre Azim. Azim, of vel
S. ——Pe—— — S - of vector (FE N) a “
No- D M Y Lat, Long slip — A —— Ref.
(*'N) ("E) (E N) RM 2 NUVEL 1] fem ; year)
1 15-01-34 26.50 86.50 10 3.0 14.6 5.2 0.4 SG
2 15-08-30 28.33 96.76 9 4.6 17.4 5.5 2.5 MT
3 02-09-63 33.90 74.70 55 3349 5.2 4.5 3.5 C
4 18-02-64 27.40 91.18 32 3.4 15.8 5.4 1.8 C
5 01-09-64 27.12 92.26 46 3.9 16.2 5.4 6.4 C
6 26-09-64 29.96 80.46 24 353.7 10,5 4.9 1.1 C
7 26-09-64 29.96 80,46 40 353.7 10.5 4.9 2.4 MT
8 21-10-64 28.04 7, o 3 37 16.4 5.4 1.8 F
9 12-01-63 27.60 88.00 9 2.6 14.6 5.2 0.5 R
10 12-01-65 27.40 87.84 0 2.7 14.6 9.2 1.3 MF
11 12-01-65 27.60 3800 | 2.6 14.6 5.2 1.2 C
12 01-06-65 28.50 83.20 33 356.4 12.4 5.0 1.8 R
13 27-06-66 29.62 80.83 26 354.3 108 4.9 1-3 Cl
14 27-06-66 29.62 80.83 36 354.3 10.8 4.9 2.1 MT
I5 26-09-66 27.49 92.61 17 3.7 16.2 5.4 3.0 C
16 16-12-66 29.62 S0.79 10 354.2 10,8 4.9 0.1 Mi
17 20-02-67 33,70 75.30 59 345.6 5.6 4.6 3.7 C
18 20-02-67 33.60 75.40 60 345.8 3.7 4.6 3.8 ]
19 11-03-67 28.40 94.40 3 3.7 16.5 5.5 1.3 R
20 14-03-67 28.40 94.29 3 1.6 16.5 5.5 1.3 MT
21 15-09-67 27.42 91.86 T 3.5 16.0 5.4 2.1 C
22 05-11-68 32.30 76.50 68 348 .4 7.2 4.6 4.4 Cl
23 30-06-69 26.90 02 70 22 4.2 16.5 5.4 3.5 s
24 19-02-70 27.40 93.96 13 4.2 16.7 5.5 2.7 ME
25 25.02-7 312.60 76.30 60 147.8 6.9 4.6 3.8 DI
26 16-01-73 33.20 75.7¢ 90 346.6 6.2 4.0 6.4 VE
27 24-03-74 27.66 R6.00 7 2.6 13.9 5.1 0.6 M1
28 28-12-74 35.10 72.50 thi 341.6 3.5 4.4 2.6 P
29 11-12-75 33.00 76.17 76 347.2 6.5 4.6 4.9 DI
30 01-01-76 32.97 76.12 60 347.2 6.5 4.6 3.8 DE
31 10-03-76 29.33 81.46 22 3549 11.3 4.9 0.9 BD
32 14-06-78 32.24 76.61 78 348.5 7.3 4.6 5.2 DI
33 20-05-79 30.03 80.31 15 353.5 10.4 4.9 0.4 CMT
34 29-07-80 29.33 81.26 8 354 .8 1.2 4.9 0.3 CMT
15 29.()7-80 29.60 81.09 18 354 .4 11.0 4.9 0.6 CMT
36 23-08-80 32.84 75.56 S0 346.9 6.4 4.6 3.2 CMT
37 23-08-80 32.82 75.60 6 347.0 6.4 4.6 2.3 CMT
38 26-04-86 32.09 76.31 63 348.5 7.3 4.6 4.0 CMT
39 16-07-86 30,94 77.88 62 351.0 8.8 4.7 4.1 CMT

SG— and Gupta 1980, MT—Molnar and Tapponnier 1978, C—Chandra 1978, F—Fitch 1970,
l!;(iRiI\Fl‘ﬁsl dlng'f-l,l PMF~ Molnar er al. 1973, Cl—Chandra 1971, T-—-Tandon 1972, RE I'{:Hlm:l
ot al. 1973 CE —Chaudhurv er al. 1974, TS—Tandon and Srivastava 1975, DE [_):l'iuur'la et al, 1‘932.
{"'E—;‘v’crniu. et ol 1977, P Penrington 1979, BD--Biswas and Dasgupta 1986, € MT Harvard CM1

solution.
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Fig. 5. Map showing the distribution of normal/strike slip type
of mechanisms for carthquakes occurring in Tibetan plateau.
Shaded and white portions indicate areas of compression
and dilatation of the mechanism diagram (lower focal
hemisphere) respectively. Numerals indicate the event
number referred in Table 2. Active faults are taken from
Armijo ef al. (1986)

echelon normal/right-lateral strike-slip faults west of
about 80°E which appear to be a continuation of the
active Karakorum fault. We plotted the major active
faults from these studies in Fig. 5.

Using synthetic waveform  modelling.  Molnar
and Chen (1983) have placed constraints on the focal
depths and the nodal planes for sixteen crustal earth-
quakes occurring beneath the Tibetan plateau. They
have found that all the solutions show a combination
of normal and strike-slip faulting with the T-axes oriented
approximately east-west, suggesting & predominance
of east-west extensional tectonics. The mechanism solu-
tions of earthquakes showing normal and strike-slip
faulting in Himalaya and Tibetan plateau are shown in
Fig. 5. The source parameters together with the
source of reference for each event are listed in Table 2.

We can see that the events show a predominantly
strike-slip component in the eastern and western part
in contrast to the predominance of normal faul-
ting in the central portion of south Tibet. Further-
more, the strike-slip mechanisms in the east show a
left lateral motion on a NE-SW nodal plane (No. 9,
11, 13, 15, 23) and those in the west show a right-lateral
motion on a NW-SE nodal plane (No. 3, 14, 22). How-
ever, in the eastern flank of southern Tibet (92-95°E)
there are some active faults striking NW-SE, with a
right-lateral sense of motion (Fig. 5, Tapponnier ef al.
1986). The fault plane solutions of events 9 and 13 are
consistent with this right-lateral motion, if we take a
NW-SE trending nodal planc asa fault plane. This
seems to contradict the mudel shown in Fig. 3. How-
ever, note that the model in Fig. 3 is too simple; there
would possibly be internal deformation within EB. It is

also known that fsome conjugate faults are sometimes
activated associated with the displacements in the strike-
slip faults. If the right-lateral motion on the NW-SE
trending faults is true in southeastern Tibet, we believe
that this represents such a complex deformation. There

fore, we feel that the spatial distribution of the active
faults and the fault plane solutions in southern Tibet
are generally consistent with the model in Fig. 3.

Molnar and Chen (1983), using seismic moment
release estimated the strain rate in Tibet as 4.4<107Y/
year. For a region 1000 km wide in an east-west direc-
tion, this corresponds to 4.4 mm/year extension between
the eastern and western Tibets. Field studies of active
faulting in south Tibet by Tapponnier et al. (1986)
have indicated that quaternary extension has been
taking place ata rate of about I c¢m/year. The ex-
tension rate estimated in this study is by factor five
larger than those estimated geologically and by one
order from the seismic moment release. The relatively
lower estimates of extension based on geological field
studies may be due to the fact that these estimates might
not have taken into account all the active faults in this
region. Similarly, the estimates of extension based
on the seismic moment release apparently may not
account for all the moment release in central south
Tibet because of the limited time of observation, thus
resulting in underestimation of the extension rates,
Part of the extension may also be taken up by the
aseismic ductile deformation of the crust in southern
Tibet. On the contrary, the estimates of extension
rate, obtained kinematically in this study may be too
simple, since the model does not take into account the
deformations within the eastern and western Tibets.

As regards a possible explanation for the east-west
extension in southern Tibet, there are several schools
of thought. The oblique subduction of the Indian
plate beneath the Eurasian plate along the Himalayan
arc may possibly drag the eastern and western blocks
of southern Tibet to be decoupled from Asia and may
have caused the east-west extension. Fitch (1972)
had proposed a model for oblique convergence between
plates of lithosphere in which at least a fraction of the
slip parallel to the plate margin results in a transcurrent
movement on a nearly vertical fault located on the
continental side of a zone of weakness. Significant
contribution for the observed east-west cxtension in
Tibet may also arise from the gravitational effect of the
thicker crust in the Himalayas and Tibet, which may
result in material flow in an east-west direction (Froide-
vaux and Richard 1987).
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TABLE 2

Normal strike slip events in southera Tibet

Nodal plane | Nodal plane 2
S. Date Epicentre - A . B Al == .
No, — ey ———— - Strike Dip Strike Dip Ref.
D M Y ("N) { E)
(E ez N (E  deg N)

1 19-04-63 35.53 96,44 182 88 272 82 ™

2 29.01-65 35.6 73.6 72 32 309 71 C

3 02-02-65 375 73.4 115 34 206 X1 (

4 15-06-65 29.6 95.6 131 70 41 90 08

5 22-06-63 36.2 77.6 129 3 309 &7 (

6 06-03-66 31,16 80.6 225 55 45 35 C

7 06-03-66 31.49 80.5 0 45 180 15 M(

8 14-10G-66 36.45 R7.43 25 66 205 24 M(

9 15-08-67 31.05 Y3. 36 313 78 221 S0 NY

10 30-08-67 31.57 10031 30 40 227 51 ™
11 03-04-71 32.26 95 .06 170 80 80 9% ™ 3
12 03-05-71 30.79 84.33 190 58 10 12 MC

13 22-05-71 32.39 92.12 58 90 328 87 M(
14 12-01-72 37.7 ETH 246 90 136 75 8 ]
15 22-07-72 31.38 91.41 212 h3 309 73 MC

16 14-07-73 35.18 86.48 190 60 81 60 M(

i7 14-07-73 35.26 86,60 37 HX 136 4 M(

18 01-08-73 29.59 89.17 220 60 323 69 M

19 16-08-73 33.24 836.84 160 55 55 70 M(
20 08-09-73 33.29 86.82 B 60 I8 74 MC

21 19-01-75 12.39 78.5 1] 30 180 30 M(
22 28-04-75 35.82 79.92 169 62 63 63 M

23 05-05-75 33.09 92.92 250 b 343 76 M(

24 19-03-75 35.16 S0 x 248 (8151 3 4 MC

25 04-06-75 79.85 180 62 52 1l M

26 19-07-75 31.95 78.59 180 S0 47 31 M

27 29-07-75 32.57 78,49 210 55 30 35 M(

28 14-09-76 29.81 89 57 215 52 2 43 M(

29 29-09-76 31.83 78.4 |58 40 330 50 BD

30 14-02-77 33.6 73.3 150 90 Hi) 45 SA

31 22-02-80 30.55 88,65 185 48 339 44 NB 4
32 09-06-81 34.78 91.71 177 90 267 90 DW

33 15-06-82 31.06 99.7 286 71 20 78 DFG

34 23-01-82 31.69 82.25 203 67 23 23 USG

35 05-11-83 33,95 9G.08 160 83 oY 83 DEFW

TM—Tapponnier and Molnar 1977, ( Chandra 1978, MC—Molnar and Chen 1983,
NY—Niand York 1975, BD- Biswas and Dasgupta 1986, SA-—Seeber and Annbruster 1979,
NB —Ni and Barazangi 1954, DW-— Dziewonski and Woodhouse 1983, DFG—Dzicwonski
et al. 1983,  USG-—USGS solution. DFW-—Dziewonski er af. 1984
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5. Conclusions

Comparison of the slip vector of thrust events oc-
curring along the Himalayan thrust zone with the
corresponding velocity vectors of the Indian-Eurasian
relative motions shows systematic deviations between
the two vectors. The majority of the slip vectors on the
western flank show a clockwise rotation with respect
to the velocity vectors, whereas those on the eastern
flank show a counter-clockwise rotation.

To explain the deviation. a simple schematic ex-
tension model has been proposed incorporating the
relative motions of the eastern and western blocks of
the Tibetan plateau with respect to Eurasia. The
relative motions of the eastern and western blocks of
south Tibet with respect to Eurasia have been estimated
at each epicentral location along the arc from the devi-
ation of the slip vector from the velocity vector of
NUVEL 1. From a least square fitting of the data,
the motions of the western and the eastern blocks are
estimated to be 3.6 cm/year westwards at 76°E and 2.6
cm/year eastwards at 94°E respectively with respect to
Eurasia, implying an extension of 5.5 cm/year in central
Tibet in a direction parallel to the trend at 85°E. This
would suggest that the strain rate in central south
Tibet is of the order of 6.9 < 1078/year in an east-west
direction. The spatial distribution of normal and strike-
slip faulting in Tibetan plateau as evidenced by fault
plane solutions and some of the known seismotectonic
features of the region is consistent with the kinematic
model proposed in this study.

Acknowledgements

This work has been carried out at the International
Institute of Seismology and Earthquake Engineering
(IISEE), Japan, while one of the authors (RSD) was
undergoing a group training course in seismology
and earthquake engineering, 1987-1988. The first
author expresses his deep gratitude to all the members
of 1ISEE, Government of Japan through Japan Inter-
national Cooperation Agency and Director General,
India Meteorological Department for offering him an
opportunity to attend the course. One of the authors
(RSD) is also thankful to the Director General, India
Meteorological Department for permission to publish
the paper. The authors are also thankful to Mr. C. De
Mets and his colleagues for providing their NUVEL |
model before its publication.

References
Armijo, R., Tapponnicr, P., Mcrcier, J.L. and Han.. T., 1986,
“Quaternary extension in southern Tibet : Field observations
and tectonic implications™, J. Geophys. Res., 91, pp. 13803-
13872,

Baranowski, J., Armbruster, J., Seeber, L.and Molnar, P., 1984,
“Focal depths and fault plane solutions of carthquakes and
active tectonics of the Himalaya™, J. Geophys. Res., 89, pp.
6918-6928.

Biswas, S. and Dasgupta, A., 1986, “Some observations on the
mechanism of earthquakes in the Himalaya and the Burmese
arc”, Tectonophysics, 122, pp. 325-343,

Chandra, U., 1971, *Combination of P and S data for the deter-
mination of earthquake focal mechanism™, Bull. Se‘sm. Soc.
Amer., 61, pp. 1655-1673.

Chandra, U., 1978, “‘Scismicity, carthquake mechanisms and
tectonics along the Himalayan mountain range and vicinity™s
Phys. Earth Planet, Inter., 16, pp. 109-131.

Chaudhury, H.M., Srivastava, H.N. and Subba Rao, J 1974,
“Seismotectonic investigations of the Himalayas™, Himalayan
Geology, 4, pp. 481-491.

Dasgupta, A., Srivastava, H.N. and Mallick, B.S., 1982, “Source
mechanism of earthquakes in Kangra-Chamba region of
Himachal Pradesh, India Bull. Ind. Soc. Earthq. Tech., 19,
pp. 102-116.

De Mets, C., Richard, G. Gordon, Donald, F. Argus and
Seth, Stein, 1990 , “*Current plate motions”, Geophys. J., Int.,
101, pp. 425-478.

Dziewonski, A.M., Friedman., A., Giardini, D. and Woodhouse,
1.H., 1983, “Global seismicity of 1982; Centroid-moment
tensor solutions for 308 ecarthquakes”, Phys. Earth Planer.
Inter., 33., pp. 76-90.

Dziewonski, A.M. and Woodhouse, J.H., 1983, “An expcriment
in systematic study of global scismicity : Centroid-moment
tensor solutions for 201 moderate carthquakes of 1981,
J. Geophys. Res., 88, pp. 3247-3271.

Dziewonski, A.M., Franzen, J.E. and Woodhouse, J.H., 1984,
*Centroid-moment tensor solutions for October-December
1983, Phys. Earth Planet. Inter., 34., pp 129-136.

Fitch, T. J.. 1970, “‘Earthquake mechnisms in the Himalayan
Burmese and Andaman regions and continental tectonics in
central Asia”, . Geophys. Res., 75, pp. 2699-2709,

Fitch, T.J., 1972, “Plate convergence, transcurrent faults and
internal deformation adjacent to southeast Asia and the
western pacific”, J. Geophys. Res., 77, pp. 4432-4460,

Froidevaux, C. and Ricard, Y., 1987, “Tectonic evolution of high
plateaus, Tectonophysics, 134, pp. 227-238,

Minster, J.B. and Jordan, T. H., 1978, “Present-day plate motions”
J. Geophys. Res., 83, pp. 5331-5354,




68 R.S. DATTATRAYAM AND TETSUZO SENO

Molnar, P, Fitch, T. J. and Wu, F.T., 1973, “Fault plane solutions Singh, D. D. and Gupta, H.K., 1980, “Source dynamics of two
great earthquakes of the Indian sub-continent: The Bihar-

carth Plane H ” y . 1 > .

Earth Planet. Sci. Leut., 19, pp. 101-112 Nepal earthquake of 15 Jan 1934 and the Quetta carthquake

of 30 May 19357, Bull. Seism. Soc. Amer., 70, pp. 757-773.

of shallow earthquakes and contemporary tectonics in Asia,

Molnar, P. and Tapponnier, P., 1975, “Cerozoic tectonics of
Asia: Effects of continzntal collision™, Scieirce, 189, 419-426.

Secber, L. and Armbruster, J., 1979, “Seismicity of the Hazara
arc in northern Pakistan: Decollement vs. basement faulting”,
in Gzodynamics of Pakisian, ediled by A. Farah and K. A.
*Active tectonics of Tibet™, Dejong, Geological Survey of Pakistan, Quetta, Pakistan,
pp. 131-142,

Molnar, P. and Tapponnier, P., 1978

J. Geophys. Res., 83, pp. 336.-3373,

Seeber, L., Armbruster, J. and Quitimyer, R., 1981, “Seismicity
and continental sub-duction in the Himalayan arc”, in
Zagros, Hindukush Himalaya Geodynamic evolution,
Geodynamics  Series, edited by H. K. Gupta and F. M.
Delany, AGU. Washington, D. C., 3, pp. 215-242.

Molnar, P. and Chen, W.P., 1983, “Focal depths and fault plane

solutions of carthquakes under the Tibetan plateau”
J. Geophys. Res., 88, pp. 1150-1196,

Molnar, P. and Deng, Q., 1984, “Faulting associated with large

earthquakes and the average rate of deformation in central

Tandon, A. N., 1972, ** Anantnag earthquakes (February to April
1967)", Indian. J. Met. Geophys., 23, pp. 491-502.

and eastern Asia”, J. Geopliys. Res., 89, pp. 62036227,

Ni, J. and York, J. E., 1978, “Late Cenozoic tectonics of the Tandon, A. N. and Srivastava, H. N., 1975, “Focal mechanism of
Tibetan platcau,” J. Geophys. Res., 83, pp. 5377-5384 some recent Himalayan earthquakes and regiopal plate

tectonics™, Bull. Seism. Soc. Amer., 65, pp. 963-969.
Ni, J. and Barazangi, M., 1984, “*Seismotectonics of the Himalayan

collision zone: Geometry of the underthrusting Indian plate Tapponnier, P. and Molnar, P., 1977, “Active faulting and
beneath the Himalaya™, J. Geoplivs. Res., 89, pp. 1147-1163. tectonies in China™, J. Geophyvs, Res., 82, pp. 2905-2930.

Tapponnier, P.. Pelizer, G.. LeDain. A.Y., Armijo. R. and

Pennington, W. D., 1979, “A summary of field and scismic ) : ) ; 5
Cobbold, P., 1982, “Propagating extrusion fectonics in

observations of the Pattan carthquake, 28 December 19747,
in Geodynamics of Pakistan, edited by A. Farah and K. A.
Dejong, Geological Survey of Palistan, Quetta, Pakistan,
pp. 143-147,

Asia: New insights from simple experiments with plasticine™,
Geoloev, 10, pp. 611-616,

Tapponnier, P., Peltzer, G. and Armijo, R., 1986, *On the macha
nies  of the collision  between India  and  Asia™, in
Collision tectonics, edited by M. P. Coward and A.C. Ries
Geological Seciety, Special Publ., 19, pp. 115-157.

Rastogi, B.K.. Singh, J. and Verma, R.K., 1973, “Earthquake
mechanisms and tectonics in the  Assam-Burma region,’ '
Tectonophysics, 18, pp. 355-306.

Verma, R. K., Mukhopadhyay, M. and Roy, B. N., 1977, **Seis

Rastogi, B.K., 1974, = Earthquake mechanisms and plate tectonics motectonics of the Himalaya and the continental plate con-
in the Himalayan region™, Tecton

wsies, 21, pp. 47-36 vergenee”, Tectonopliysics., 42, pp. 319-335




