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The best known seismotectonic model of the Himala-
yan Seismic Belt (HSB) suggests that the great and 
large earthquakes in the Himalaya occur at a shallow 
depth (10–20 km) by thrust faulting on the Main  
Himalayan Thrust, i.e. on the plane of detachment. 
The plane of detachment is the interface between the 
Indian shield and the Himalayan sedimentary wedge. 
The recent earthquake data of the permanent and 
temporary local networks in the Himalaya, however, 
indicate bimodal seismicity at shallow (0–20 km) as 
well as greater depths (30–50 km). The source pro-
cesses of the great and large earthquakes are re-
examined in this article (the observations do not sup-
port a uniform seismotectonic model for the entire 
HSB). The four known great earthquakes (Ms ~8.0–
8.7) in the Himalayan region, from west to east are the 
1905 Kangra, 1934 Bihar, 1897 Shillong and the 1950 
Assam earthquakes that occurred by different tectonic 
processes; each occurred in its own unique complex 
tectonic environment. Most recently, the 1988 strong 
earthquake (Ms 6.6) in the Bihar/Nepal foothill Hima-
laya and the 2011 strong earthquake (Mw 6.9) in the  
Sikkim Himalaya show that these are not the plane of 
detachment events; these occurred by strike–slip fault-
ing at mantle depth (~ 50 km). A review of all these 
significant earthquakes in HSB is presented in this ar-
ticle. 
 
Keywords: Fault plane solutions, plane of detachment, 
seismotectonics, thrusts, lineaments. 

Introduction 

THE entire ~ 2500 km long Himalayan arc, 75–98E,  
extending from Kashmir in the northwest to Arunachal 
Pradesh in the northeast, evolved as a consequence of 
collision of the Asian and Indian continents some 50–
60 m.y. ago1–3. As the Indian land mass moved north-
wards, the sedimentary pile with its crystalline basement 
was complexly folded and repeatedly split by faulting and 
thrusting. These faults, from north to south, are: the Trans 
Himadri Fault (THF), the Main Central Thrust (MCT), 
the Main Boundary Thrust (MBT) and the Himalayan 
Frontal Thrust (HFT; Figure 1)2–4. The Indus Suture 
Thrust (IST) farther north represents the junction of the 

two colliding continents. Recent studies suggest that  
HFT to the south is now the primary surface expression 
of shortening between the Himalaya and the Indian plate2–4. 
It is also suggested that some of the Indian shield struc-
tures extend into the Himalaya as sub-surface ridges2,5,6. 
Further, there are various surface transverse features like 
lineaments, faults, rifts, nappe, etc. across the Himalaya 
that may affect source zones and mechanisms of the 
earthquakes7–10. 
 The overall definition of the Himalayan Seismic Belt 
(HSB) that lies between MBT and MCT is based on the  
observation of intermediate magnitude (M  4.5) earth-
quakes at regional and teleseismic stations outside the  
Himalaya. Based on the global seismic stations, the hypo-
centre location errors are large, and most of the earth-
quakes, as recorded in the catalogues of the US Geological 
Survey (USGS) and in the International Seismological Cen-
tre (ISC) bulletins, are assigned to a fixed depth (33 km). 
Using these constrained teleseismic data which are less pre-
cise in estimating the depth and using the surface geological 
evidences, a conceptual tectonic model was envisaged to 
explain the Himalayan earthquakes11,12. In the absence of 
local seismological network data in the Himalaya, it was 
not possible to correlate the observed seismicity and tec-
tonic features of the Himalaya with a realistic model; par-
ticularly the past great earthquakes in the Himalaya which 
occurred much before the worldwide seismograph station 
network was established are yet to be well understood. 
 Over the past three decades large amount of earthquake 
data are recorded by the local temporary and permanent 
networks in different parts of the Himalaya7,13–15. These 
data shed new light on our understanding of the tectonic 
model of the Himalaya that differs from west to east. In 
this study, the source areas of the great earthquakes are 
re-examined in the light of the well-located earthquakes 
recorded by the local seismic networks in the Himalaya. 
The spatial and depth characteristics of seismicity along 
with the structural complexities inherent to the Himalaya 
are critically examined. These observations are reviewed 
in fitness with the widely accepted conceptual tectonic 
model of HSB. 

Tectonic model 

Based on the teleseismic hypocentral data, a conceptual 
tectonic model of the Himalaya was first suggested by
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Figure 1. Map showing major tectonic features in the Himalaya and the great/large earthquakes in India since 
1897 (bigger black stars). Five recent significant strong earthquakes (1988, 1991, 1999, 2009 and 2011) are 
shown by smaller black stars. Open stars indicate the historical (prior to 1897) great events (intensity IX–X) in 
the Himalaya. Subsurface Ridges, DAR, Delhi–Aravalli Ridge; FR, Faizabad Ridge; MSR, Mungher Saharsa 
Ridge (modified from Kayal24). 

 
 

 
 

Figure 2. Conceptual tectonic model of the Himalaya11. Q, Quaternary; US, MS, LS, Upper, Middle and Lower 
Siwalik; IS, Indus Suture (compiled by Kayal24). 

 
 
Seeber et al.11. The model consists of the gently dipping 
Indian shield, the overriding Tethyan slab and the Hima-
layan sedimentary wedge which is decoupled from the 
two converging slabs (Figure 2). In this model, MBT and 
MCT are two active thrusts, and are contemporaneous 
features. Ni and Barazangi12, however, argued that MCT 
is dormant now, and MBT is active. In the proposed 
model, the interface between the subducting slab and the 
Himalayan sedimentary wedge is named plane of de-
tachment. Nelson and Zhao16 later named it the Main Hi-
malayan Thrust (MHT). Further north, the interface 
between the Tethyan slab and the dipping Indian slab is 
named Basement Thrust (BT). The transition zone from 
the plane of detachment to the basement thrust is named 
Basement Thrust Front (BTF; Figure 2). Spatially, the 
BTF coincides with the high topographic gradient  
between the lesser Himalaya and the high Himalaya2,17. 
Lyon-Caen and Molnar17 proposed that the change in  

elevation as well as the steep dip of MCT caused ramping 
of the Himalayan crust over the northern edge of the  
Indian plate. The ‘ramp’ represents BTF, which is the 
zone of moderate magnitude earthquakes. The model fur-
ther postulates that MBT and MCT converge to the plane 
of detachment at a depth 10–20 km. Beneath the foothills 
and foredeep Ganga basin, to the south of MBT, the  
Indian shield basement or the plane of detachment is 
shallow (3–5 km; Figure 2). The HFT is the southernmost 
youngest active thrust; this thrust is marked by the topo-
graphic break between the Himalaya and the alluvial-
filled Indo-Gangetic Plains (IGP). Under the thick cover 
of sediments in IGP, the flexed Indian plate is corrugated 
by some basement ridges; these are the northeast exten-
sion of the Indian shield structures, like Delhi–Aravalli 
Ridge, Faizabad Ridge and Munger Saharsa Ridge  
(Figure 1). Several authors argue that junction zones of 
these subsurface ridges at the Himalayan arc are the 
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source zones of concentrated seismicity as well as large 
earthquakes2,6,15. 
 Little is known about the Himalyan seismicity prior to 
AD 1800. Despite the diverse quality of data, it is, how-
ever, believed that there have been seven great earth-
quakes in the Himalaya region since 1800. Four great 
earthquakes are instrumentally recorded since 1897, but 
there are three more known great earthquakes prior to 
1897; these are the 1803 event near Delhi, the 1833 event 
in Nepal, and the 1885 event in Kashmir Himalaya  
(Figure 1). These three events have no instrumental data 
and the locations are mostly based on the macroseismic 
data18, which reported maximum intensity of the order of 
IX–X. 
 Since 1897 the instrumentally recorded great earth-
quakes are, from west to east, the 1905 Kangra, the 1934 
Bihar, the 1897 Shillong and the 1950 Assam events. 
Seeber et al.11 interpreted that all these four great earth-
quakes were the HSB earthquakes having uniform rupture 
geometries. Further, based on teleseismic data, it was 
suggested that these four great earthquakes occurred on 
the plane of detachment and the rupture propagated to the 
south. 
 In a recent study, Kayal7 based on aftershock investiga-
tions using temporary microearthquake networks, reported 
that the two strong earthquakes – the 1991 Uttarkashi 
(Mw 6.3) as well as the 1999 Chamoli (Mw 6.5), that  
occurred to the north of MBT in the western Himalaya, fit 
fairly well with the proposed tectonic model (Figure 2), 
and supported the argument of Ni and Barazangi12 that 
the MCT is dormant. The aftershock data show that these 
two (1991 and 1999) shallow earthquakes (depth 
 20 km) occurred on the plane of detachment and trig-
gered the local active faults to the north of MBT, but 
much south of MCT. The ‘fault ends’ on the plane of de-
tachment were the sesimogenic source zones for the main 
shocks, and the aftershocks were generated by triggering 
at these active faults7. The 1999 Chamoli earthquake  
sequence is shown in Figure 3; it shows that the main 
shock occurred on the plane of detachment at the Aloka-
nanda Fault end to the south of MCT, and the aftershocks 
occurred along this fault. 

The great/large earthquakes 

Seismogenic source zones of the past four great (M  8.0) 
earthquakes, that occurred since 1897 are being  
re-examined and reviewed here with data available from 
the recent local seismic network. Source zones of these 
great earthquakes are debated due to lack of much  
instrumental data as these events occurred before the 
World Wide Seismograph Network came into existence 
in 1964. The well-recorded and well-studied source zones 
and tectonic processes of the recent strong/damaging  
earthquakes (M > 6.0) in the Himalaya, like the 1988  

Bihar/Nepal, 1991 Uttarkashi, 1999 Chamoli, 2009 Bhu-
tan and the 2011 Sikkim earthquakes, have also been  
reviewed here. They shed further light on the understanding 
of the non-uniqueness of the Himalayan seismotectonic 
model for the great and large earthquakes. 

The 1905 Kangra earthquake 

The 4 April 1905 Kangra earthquake, M ~ 8.6 assigned 
by Richter19, revised to Ms 7.8  0.05 by Ambraseys and 
Douglas20, that occurred at the HFT zone in the western 
Himalaya, produced intense destruction in the Kangra 
valley with a maximum intensity X (MM scale) and with 
an isolated intensity VIII (MM scale) about 250 km 
southeast, near Dehradun21 (Figure 4). Further, Mid-
dlemiss21 estimated the depth of focus at 21–40 km. 
Hough et al.22 re-evaluated the intensity distribution with 
geodetic observations, and reexamining the few original 
seismograms they interpreted that the damage pattern  
reflects two large earthquakes Ms 7.8 and Ms 7.0; the 
second (triggered) earthquake Ms 7.0 occurred near De-
hradun at a depth 30–35 km within a few minutes after 
the Ms 7.8 main shock in Kangra. 
 The local earthquake data that have been recorded in 
the western Himalaya during the last three decades by 
semi-permanent and permanent networks of India 
 
 

 
 

Figure 3. The Himalayan tectonic model and the 1999 Chamoli 
earthquake sequence7; the main shock occurred on the plane of detach-
ment at the Alokananda Fault (AF) end. Black star indicates location of 
the main shock by the local network and open star by the USGS. The 
aftershocks are located by the local network (after Kayal7). 
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Meteorological Department (IMD) were re-analysed by 
Bhattacharya and Kayal23 (Figure 5). They reported that 
the 1905 Kangra earthquake source zone was beneath 
HFT, south of MBT, and the seismogenic source zone 
could be much deeper, at the lower crust at a depth 30–
40 km as interpreted by Middlemiss21 (Figure 5). As men-
tioned above, the triggered Dehradun event Ms 7.0 is also  
 

 
 

Figure 4. Isoseismal map of the 1905 Kangra earthquake. (Inset) 
Damage to a Church near Kangra in the maximum intensity zone21. 
 

 
 

Figure 5. a, Seismicity map in the Kangra region recorded by the lo-
cal networks. b, Tectonic model for the 1905 Kangra earthquake source 
area23; the star indicates the 1905 Kangra earthquake; JMT, Jalamukhi 
Thrust. See text for other tectonic features. 

estimated at a depth 30–35 km to the south of MBT22. 
These observations of the deeper source zones do not 
conform to the conceptual tectonic model that the great or 
large 1905 Kangra and Dehradun earthquakes occurred 
on the plane of detachment. The plane of detachment is 
shallow (< 5 km) at HFT, to the south of MBT (Figure 2). 
The large set of local network data, on the other hand, 
shows a much deeper seismogenic source zone (30–
40 km) at the fault end of HFT in the Kangra region  
(Figure 5). This source zone to the south of MBT is much 
below the so-called plane of detachment envisaged in the 
HSB tectonic model11. It is argued by Kayal24 that HFT is 
the possible seismogenic fault, and at the ‘fault end’ the 
tectonic stress is accumulated in the lower crust of the 
under thrusting Indian plate at a depth 30–40 km, much 
below the plane of detachment, that generated this 
great/large Kangra earthquake. 

The 1934 Bihar earthquake 

The 15 January 1934 great Bihar earthquake is well docu-
mented by Dunn et al.25; the epicentre is given at 26.50N 
and 86.50E, about 50 km south of the MBT, magnitude 
Ms 8.4 and depth at ~  30 km (Figure 1)19,26. Molnar and 
Deng27, on the other hand, gave its epicentre at 27.55N 
 
 

 
 
Figure 6. Isoseismal map of the 1934 Bihar/Nepal earthquake. (Inset) 
Damage to a house and lurching ground in the maximum intensity 
zone29. Solid star indicates the epicentre given by Abe26 and open star 
by Molnar and Deng27. 
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and 87.09E, about 60 km north of MBT (Figure 6). The 
macroseismic study reported a maximum intensity X 
(MM scale); this is well mapped with a larger area, 
120 km long and 35 km wide in Munger, Bihar, much 
south of MBT and with a smaller (spot) area in Kath-
mandu, Nepal, to the north of MBT (Figure 6). No  
surface rupture was reported by the macroseismic  
study25. Based on geodetic data, Bilham et al.28 suggested 
that the hidden rupture terminated to the north of Nepal/ 
India border. 
 The 20 August 1988 earthquake is instrumentally well 
recorded by the national and the global network. Its well-
located epicentre at 26.72N and 86.63E, Ms 6.6 and 
depth 65 km (ISC catalogue) shows that it occurred near 
the epicentre of the 1934 great Bihar earthquake (Figure 
1). Based on a detailed investigation of the 1988 earth-
quake, the Geological Survey of India (GSI)29 re-
interpreted the seismogenic source zone of the 1934 
event. Both the epicentres, the 1934 epicentre given by 
Abe26 and the well-located 1988 epicentre lie to the south 
of HFT (Figure 1). Using surface wave inversion, Singh 
and Gupta30 determined thrust faulting with strike–slip 
component for the 1934 event. The CMT (centroid  
moment tensor) solution depicts strike–slip solution for 
the 1988 event. GSI29 interpreted that both these events 
are deeper and are caused by the East Patna fault, a long 
transverse fault which runs across the Indo-Gangetic 
Plains and transverse to the Himalayan trend (Figure 1). 
However, Sapkota et al.31, based on the geological evi-
dences by trenching, argued that the 1934 great earth-
quake occurred on the plane of detachment to the north of 
MBT, and the rupture propagated to the south along HFT; 
they assigned its magnitude Mw 8.2 and supported the 
epicentre location given by Molnar and Deng27 at 
27.55N and 87.09 (Figure 6). 
 Similar to that of 1988 earthquake in the foothills  
region, the most recent 2011 Sikkim (Mw 6.9) earthquake 
also illustrates a deeper source zone and strike–slip 
mechanism (Figure 7)32. The 2011 Sikkim earthquake 
(epicentre at 27.718N, 88.136E, Mw 6.9, depth 50 km; 
USGS report) occurred in the lesser Himalaya to the 
north of MBT. The CMT solutions of both the events, 
1988 and 2011, show that these events occurred by 
strike–slip mechanism at deeper source (Figure 1). It has 
been reported that the near-vertical Tista Fault is a mantle-
reaching deeper structure, transverse to the Himalayan 
trend, and it caused the 2011 Sikkim earthquake (Figure 
7)32. Aftershock study of this event by a local seismic 
network also revealed the mantle reaching deeper vertical 
structure33. In an earlier study, based on temporary  
microearthquake network data, De and Kayal10 reported 
deeper transverse tectonics in the Sikkim Himalaya.  
It is thus evident that the long NE and NW trending 
transverse structures/faults from foredeep to the high  
Himalaya, even beyond, which may be existing since a 
time predating the birth of the Himalaya, produce intersect-

ing patterns, and accommodate the plate convergence by 
conjugate shear failure on some of these faults9. These 
observations suggest that source zones of all the 
great/strong earthquakes cannot be related only to the 
shallow plane of detachment in HSB. Deeper seismogenic 
source zones exist, which are mostly related to the trans-
verse faults/structures in the Himalaya. It may be men-
tioned that a moment tensor solution of the 2009 Bhutan 
Himalaya earthquake (Mw 6.3) also shows a strike–slip  
solution (Figure 1), and the Kopili Fault, a long trans-
verse structure to Himalayan trend, is interpreted to be 
the causative fault34. 
 Monsalve et al.13, based on high-precision digital net-
work data of the Nepal Himalaya, reported bimodal seis-
micity, one above the plane of detachment and the other 
at the crust–mantle boundary at a greater depth (40–50 km) 
to the south as well as north of MBT (Figure 8). The 
well-located 1988 event occurred at the deeper source 
zone to the south of MBT. Kayal24 supported the GSI29 
interpretation for a deeper source of the 1934  
event to the south of MBT with a mark of interrogation  
(Figure 8). 

The 1897 Shillong earthquake 

The 7 June 1897 great Shillong earthquake Ms 8.7, is the 
first event in India that was instrumentally recorded by a 
few stations outside the country; a detailed macroseismic 
study was done by Oldham35. The hat shaped maximum 
isoseismal is truncated by the Dapsi thrust to the south 
(Figure 9)35; the Dapsi thrust is conjugate or a secondary 
fault to the Dauki Fault7. The isoseismal map of this  
great earthquake is shown in Figure 10, which  
indicates that the earthquake was widely felt. Oldham’s 
maximum isoseismal was rated X–XII in MM scale by 
Richter19, and VIII in MSK scale by Ambraseys and Bil-
ham36. Based on field observations, boulder thrown into 
the air (Figure 10), Oldham35 assigned the peak ground 
acceleration (PGA) to 1 g. This estimate of PGA without 
any strong motion instrumental record is now highly  
appreciated by the modern strong-motion seismologists of 
the world. The magnitude of this great earthquake is, how-
ever, revised to Mw 8.1 by Bilham and England37. The 
earthquake occurred beneath the Shillong plateau, a 
fragment of the Indian shield that was dragged to the east 
by the E–W Dauki Fault (Figure 9)38. The plateau is now 
bound by the Dauki Fault to the south and Brahmaputra 
river to the north. The epicentre of the 1897 great earth-
quake lies to the south of the Brahmaputra river fault, 
which is about 150 km south of MBT (Figure 9). 
 Oldham35, without much instrumental data or any fault 
plane solution, conjectured that the 1897 great earthquake 
occurred by thrust faulting on a north-dipping thrust fault. 
A few microearthquake field surveys revealed that the 
north dipping Dapsi thrust at the southern boundary of
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Figure  7. a, Tectonic map of Sikkim Himalaya showing epicentres of the (ISC/EHB) relocated earthquakes (1965–2007). The 18 
September 2011 main shock and felt aftershocks (M  3.7) are shown by red stars. Black stars show the two past damaging strong 
earthquakes (M   5.9) with CMT solut ions in the study area32. Two open stars indicate the two recent significant earthquakes, the 
1988 (Ms 6.6) and the 2006 (Mw 5.3) events. Moment tensor solutions of two smaller events of 2002 recorded by local broadband 
network are also shown. MCT, Main Central Thrust; MBT, Main Boundary Thrust; MS-Ridge, Munger-Saharsa Ridge. (Inset) Key 
map showing the study area. b, A north–south cross-section of the earthquakes across the 2011 main shock epicentre zone showing 
the past significant earthquakes (solid dots) including the three (1965, 1980 and 2006) strong earthquakes (black stars) and the 
2011 main shock (bigger red star) and its three felt aftershocks (smaller red stars) which occurred on a vertical fault zone at depth 
10–50 km below the Tista lineament, named Tista fault32. 

 

 
 

Figure 8. a, Seismic ity map of the central Himalaya recorded by digi-
tal telemetric network, Nepal. b, c, Elevation (b) and N–S cross-section 
of the events showing bimodal seismicity (c)13. The source zones of the 
1934 (?) and the 1988 earthquakes are indicated24. The open star indi-
cates the source zone given by Molnar and Deng27, and Sapkota et al.31. 

the Shillong plateau is the seismogenic fault that gener-
ates earthquakes in the Shillong plateau7,39. Recently, 
Bilham and England37, based on the earlier geodetic and 
recent GPS data, however, argued that the 1897 great 
earthquake was caused by a south-dipping hidden fault, 
named Oldham fault, at the northern boundary of the 
Shillong plateau (Figure 9). They further suggested that 
the plateau earthquakes are generated by ‘pop-up’ tecton-
ics between the two boundary faults, the Dauki fault and 
the Oldham Fault. Rao and Kumar40 first proposed the 
pop-up tectonics for the Shillong plateau, and suggested 
that the pop-up mechanism is facilitated by the Dauki 
fault to the south, Brahmaputra fault to the north, Dhubri 
fault to the west and Disang thrust to the east (Figure 9). 
Bilham and England37, however, illustrated a quantitative 
model of the Shillong plateau pop-up tectonics for the 
1897 great earthquake (Figure 11). In this model they  
argued for the pop-up tectonics between the proposed 
south-dipping hidden Oldham fault and north-dipping 
Dauki fault. 
 Geological evidences, however, do not support these 
two boundary faults for the proposed model (T. Paul, 
2011; pers. commun.). Nandy41 argued that the Dauki 
fault is a south-dipping or a near-vertical normal/strike–
slip fault, not a north-dipping thrust fault. He further em-
phasized that the large (~ 20 km) difference in basement 
depth between the Shillong plateau and the Bengal basin 
cannot be in any way explained by a thrust movement. 
Rajendran et al.42 argued that the gravity map or the  
surface geological evidences do not support the south-
dipping Oldham fault. The gravity model of Nayak  
et al.43, on the other hand, supported the pop-up tectonic 
model. Kayal et al.44, based on recent broadband digital 
seismic data, suggested that the pop-up tectonics of the 
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plateau may happen between the Brahmaputra fault and 
the Dapsi thrust (Figure 11). Kayal and De39, based on 
local microearthquake network data, reported that the 
seismic activity in the Shillong plateau is caused by the 
north-dipping Dapsi thrust, and the Dauki fault is not 
much active. The activity is confined to the north of the 
Dapsi thrust, which also truncated the isoseismals X–XII 
of the 1897 great earthquake along this thrust (Figure 10). 
The NW–SE trending Dapsi thrust separates the Ar-
chaean gneiss to the north and the Tertiary meta-
sediments to the south within the plateau, and it is inter-
preted to be conjugate to the E–W Dauki fault that  
separates the Shillong plateau and the Bengal basin  
(Figure 10). 
 Seismic cross-section of the well-located events  
recorded by the recent permanent broadband seismic  
stations in the Shillong plateau clearly show that the Dauki 
fault is not much active (Figure 11). The activity beneath 
the plateau is confined between two boundary faults, the 
Dapsi thrust to the south and the Brahmaputra fault to the 
north. Fault plane solutions of the events (Mw  3.5) were 
examined, and the inferred fault planes corroborated well 
with the north-dipping Dapsi thrust and the south-dipping 
Brahmaputra fault (Figure 11). At the epicentre zone of 
the 1897 earthquake, the Oldham fault and the Brahma-
putra fault are, however, very close, within 20 km. Kayal 
et al.44 supported the pop-up tectonics of the plateau  
between the Dapsi thrust and the Brahmaputra fault. The 
pop-up tectonic model is, however, much debated and 
needs more geophysical studies. The microearthquake 
seismological data to the north of Brahmaputra river 
 
 

 
 

Figure 9. Tectonic setting in the Northeast India; the two (1897 and 
1950) great earthquakes (M > 8.0) are shown by stars, the large events 
(M > 7.0) by circles. Triangles indicate broadband seismic stations. OF, 
Oldham Fault; DF, Dauki Fault; DT, Dapsi Thrust; BF, Brahmaputra 
Fault; KF, Kopili Fault; NT, Naga Thrust (after Kayal et al.44). 

fault are not complete (Figure 11  b and c). This is due to 
the absence of a seismic station in the alluvium country 
to the north of Brahmaputra river fault and in the Bhutan 
Himalaya to record microearthquakes in the Assam valley 
foredeep region to develop a realistic seismological 
model. 
 It may, however, be argued that the 1897 earthquake is 
a shield earthquake like that of the 1819 great Kutch 
earthquake (M ~ 8.0; revised20 to Mw 7.8) or the 2001 
Bhuj earthquake (Mw 7.7) in western India (Figure 1). 
The 1819 Kutch and the 2001 Bhuj events are the rift  
basin earthquakes in the western part of the Indian shield 
and these are caused by inversion tectonics45. The 1897 
event is also a shield earthquake, the present broadband 
seismic data and the GPS data do not support it to be a 
Himalayan earthquake as was proposed earlier11. 
 
 

 
 

Figure 10. a, Isoseismal map of the 1897 Shillong earthquake. b, Dis-
lodged boulders in the maximum intensity zone35. c, MSK intensities 
evaluated by Ambraseys and Bilham36. 
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The 1950 Assam earthquake 

Sixteen years after the 1934 great Bihar earthquake, the 
great Assam earthquake occurred on 15 August 1950. It 
is instrumentally a well-recorded event, the assigned Ms 
8.7, maximum intensity XII (MM scale, Figure 12) and 
focal depth ~  20 km are fairly well determined46. This 
earthquake occurred in the eastern syntaxis zone where 
the E–W Himalayan arc meets the N–S Burmese arc  
(Figure 12). The damage in the Assam area in terms of 
property loss was more than that of the 1897 Shillong 
earthquake. Aftershocks were numerous, and many of 
them were of magnitude 6.0 and above. From amplitude 
inversion, Ben-Menahem47 et al. interpreted a strike–slip 
solution for this great earthquake with a northeast-
dipping NNW–SSE fault plane (Figures 9 and 12). Chen 
and Molnar48, however, based on first motion data,  
determined a thrust faulting solution. Armijo et al.49 pre-
ferred the strike–slip solution of the 1950 earthquake  
interpreting the right-lateral strike–slip on the Po Qu fault 
zone in southeast Tibet, which wraps around the eastern 
syntaxis and connects with the rightlateral strike–slip  
Sagaing fault zone (Figure 12). They further argued that a 
discontinuation of ophiolite in the syntaxis zone is the 
geological evidence of strike–slip movement on the faults 
that wrap around the syntaxis, and the plate movement is 
accommodated by the strike–slip faults. 
 Holt et al.50 reported 15 reliable fault plane solutions in 
the region; 6 to the north of the MBT zone in the north-
east Himalaya, 6 in the eastern syntaxis zone, and 3 on 
the Sagaing fault (Figure 12). All the solutions (events 
 
 

 
 

Figure  11. a, Pop-up tectonic model of the Shillong plateau37. b, 
Earthquakes beneath the Shillong plateau. c, Fault planes of the anno-
tated earthquakes indicate that DT and BF are the boundary faults44. 

1–5) to the north of MBT show northeast-dipping low-
angle thrust fault that accommodates under thrusting of 
the Indian plate below Himalaya. One well-constrained 
solution (event 6) that occurred at a greater depth (35–
40 km) shows south-dipping low-angle nodal plane. The 
crustal thickness estimated in this region ranges from 50 
to 65 km (ref. 51); this indicates that event 6 occurred  
in the mid-lower crust within the under thrusting  
Indian plate, much below the envisaged plane of  
detachment. This implies deeper source of earthquakes 
even to the north of MBT in this complex zone. Based on 
local microearthquake network data, much deeper source 
(50–70 km) to the south of MBT in the northeast Hima-
laya was reported by Kayal et al.52. Six fault plane solu-
tions (events 7–12) are reported in the southeast corner of 
the syntaxis zone on the southeast extension of the 
Mishmi thrust. Valdiya2 reported that the Mishmi meta-
morphics over thrust the Tertiary sediments eroded from 
the northern Indo-Burma ranges. All the solutions  
show dominantly thrust faulting with a northeast- 
 
 

 
Figure 12. a, Isoseismal map of the 1950 Assam earthquake. (Inset) 
Damaged bridge in the maximum intensity zone. b, Fault plane solu-
tions of the earthquakes in the eastern syntaxis zone (compiled by 
Kayal24). 
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dipping nodal plane; the earthquake source depth is at 8–
10 km, except the shallower (3 km) event 9 which shows 
a strike–slip component. Three solutions of the events 
12–15, that occurred on the northern end of the Sagaing 
fault, show strike–slip motion on this fault. Thus the syn-
taxis zone seems to be more complex where link between 
the right-lateral slip on the Po Qu fault requires an exten-
sional right step near the northern end of the Sagaing 
fault49. Armijo et al.49 suggested that the reliable fault 
plane solution of the great 1950 earthquake by amplitude 
inversion and the geological evidences confirm the right 
lateral movement on the Po Qu fault and its possible con-
nection with the Sagaing right-lateral fault. These evi-
dences indicate that this great earthquake may have 
occurred by strike–slip mechanism and cannot be catego-
rized as a plane of detachment shallow thrust event. 

Conclusions 

Although the western Himalayan earthquakes, for exam-
ple, the two recent strong earthquakes (M  6.0), the 1991 
Uttarkashi and the 1999 Chamoli events, that occurred to 
the north of MBT in HSB, fit fairly well with the  
envisaged tectonic model of the Himalaya, the large/great 
earthquakes that occurred to the south of MBT/HFT do 
not fit with the HSB model. In this study, it is argued that 
the 1905 Kangra earthquake occurred at the fault end of 
HFT; the source zone might be in the lower crust (30–
40 km) within the under thrusting Indian plate beneath 
the foothills. The 1934 Bihar earthquake was earlier ar-
gued to have occurred at the East Patna transverse fault at 
a deeper source zone to the south of MBT, but geological 
evidences are now put forward with an argument that this 
great event occurred on the plane of detachment to the 
north of MBT. The deeper source zone or bimodal seis-
micity is, however, well established with recent local 
seismic network data13, and the 1988 Bihar/Nepal (Ms 
6.6) and the 2011 (Mw 6.9) Sikkim earthquakes are the 
examples of such deeper source zones. All the recent 
strong earthquakes in the eastern Himalaya, the 1988  
(Bihar/Nepal), 2009 (Bhutan) and the 2011 (Sikkim), 
have occurred by strike–slip mechanism. We believe that 
the transverse structures, long lineaments and ridges in 
the foothills region that cut across the Himalayan trend, 
are the source zones for large/great earthquakes at greater 
crustal depth. The 1897 great Shillong plateau earthquake 
is not a Himalayan earthquake; it occurred about 200 km 
south of MBT in the Shillong plateau shield, and now it is 
explained by pop-up tectonics. The pop-up tectonic 
model is, however, much debated, and needs a detailed 
geophysical investigation. The 1950 great Assam earth-
quake occurred at the strike–slip fault system in the east-
ern syntaxis zone; it is not a typical plane of detachment 
thrust event. We believe that the Indian shield structures, 
long lineaments and ridges in the foothills region that 

transversely hit HFT, are the source areas for large/  
great earthquakes at greater crustal depth. 
 In assessing the seismic risk, Bilham et al.53, based on 
geodetic data, argued that any segment of the Himalaya is 
presently ready for generating a great earthquake. The 
population of India in the foothills region has increased 
more than ten times since the 1905 great Kangra earth-
quake, when it killed about 19,500 people. Today, 50  
million people will be at risk from if an earthquake were 
to occur in the Himalayan region. Now, several dense lo-
cal digital seismic networks are available and some are 
upgraded to permanent telemetric systems in different 
parts of the Himalaya by different agencies. The data will 
certainly enhance our knowledge and understanding of 
earthquakes, but, the enforcement of building codes 
would be the only precaution we can take to save lives 
and properties in the towns and villages in the Himalayan 
foothills/foredeep region. 
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