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Abstract
Surma valley and its adjoining area is one of the most complex
tectonic provinces in the world. The geographical boundary
with latitude 220-260N and longitude 900-950E covers a
considerable portion of NER, India. Plate boundary zone and
the intraplate area are the main components of NER, India.
The intraplate part of the region comprises the Shillong Plateau,
the Mikir Hills and the Assam valley jawed between the
Himalayan and Burmese arc, Tripura folded belt, Brahmaputra
Valley and the intermountain depression of upper Assam.
Besides these, Surma valley is also a complex tectonic feature
comprising two active faults namely Mat and Sylhet fault. All
these features with its complicated geotectonic setup influence
the NER, India to be seismically very active which can be
revealed from smaller magnitude earthquakes that release sizable
energy daily.
Keywords: subduction, zonation map, magnitude, syntaxis
zone and Mat fault.
Introduction
Northeastern region of India lies at the junction of
the Himalayan arc to the north and the Burmese arc to
the east. It is seismically one of the six most active
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regions of the world, the other five being Mexico,
Taiwan, California, Japan and Turkey. It is placed in zone
V, the highest zone, of the seismic zonation map of India.
The region has experienced 18 large earthquakes (M=7)
during the last hundred years including the great
earthquakes of Shillong (1897, M=8.7) and Assam Tibet
border (1950, M=8.7) (Fig.1). Besides, several hundred
small and micro earthquakes have also been recorded
in the region. The high seismicity in the region is
attributed to the collision tectonics between the Indian
plate and the Eurasian plate in the north and subduction
tectonics along the Indo-Burma region (IBR) in the east
(Dewey and Bird, 1970; Kayal, 1996, 1998; Molnar and
Tapponnier, 1975,1977 and Sarmah, 1999). Verma et al.,
(1976, 1977) stated that the lithospheric subduction at
the Himalayan belt ceased during Pliocene time and
shallow seismic activity is the effect of continentalcontinental collision. Subduction, on the other hand, is
still continuing in the IBR, which is evidenced by the
intermediate to deep focus earthquakes in this range
(Tiwari, 2002). Incidentally, maximum seismic activity
has also been recorded in this range. Earthquakes of
historic importance experienced by Northeast India are
listed below (Tiwari, 2002):
Place
Cachar

Year
March 21, 1869

Shillong plateau June 12, 1897
Sibsagar
August 31, 1906

Magnitude
Remarks
(In Ritcher
Scale)
7.8
Numerous earth fissures and
sand craters
8.7
About 1542 people died
7
Property damage

Myanmar

December 12, 1908

7.5

Property damage

Srimangal

July 8, 1918

7.6

4500 km2 area suffered damage
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SW Assam

September 9, 1923

7.1

Dhubri

July 2, 1930

7.1

Assam
Nagaland
N-E Assam
Arunachal
Upper Assam
Upper Assam

January 27, 1931
1932
October 23, 1943
July 7, 1947
July 29, 1949
August 15, 1950

7.6
7
7.2
7.5
7.6
8.7

Patkai Range,
Arunachal
Manipur-Burma
border
Darjeeling
Indo-Myanmar
border

Property damage
Railway lines, culverts and
bridges cracked
Destruction of property
Destruction of property
Destruction of property
Destruction of property
Severe damage
About 1520 people died. One of
the largest known quake in the
history

1950

7

Property damage

1954

7.4

Property damage

1959

7.5

Property damage

August 6, 1988

7.5

No casualty reported

It is evident from the above table that the region has
experienced two great earthquakes of magnitude >8
during the last hundred years. The June 12, 1897
earthquake of the Shillong Plateau is one of the greatest
event of the world. Casualty was only 1,542 compared
to the magnitude of the event (8.7). This is so because
the event occurred at 5.15 pm when most of the people
were outdoor. Damage to the property was, however,
severe. All concrete structures within an area of 30,000
square miles were practically destroyed. There was
evidence of two surface faults, namely, Chedrang and
Dudhnoi. It is the first instrumentally recorded event in
the country. Another event of matching magnitude
occurred on August 15, 1950 in the Eastern Syntaxis
Zone. It caused 1520 death but was more damaging than
the 1897 event. Railway line and roads were considerably
damaged, landslide triggered in many places and
fissures and sand vents occurred. The last major event
(M=7.5) in the region occurred on August 6, 1988 with
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its epicenter in the Myanmar side of the Indo-Myanmar
Region (IMR). This rocked the whole northeastern region.
The tremor lasted for about two minutes killing four
human and damaged buildings, railway tracts and roads
(Tiwari, 2000).
Earthquakes cannot be prevented from occurring
and they cannot be diverted to other places. Much-talked
about earthquake prediction has so far not been realized
in seismology even after spending billions of dollars
during the last three decades. Of course, there are
isolated instances of successful prediction, namely,
Haicheng earthquake of 1975 in China (Magnitude 7.3).
It was predicted on the basis of micro-seismic activity,
ground tilting and unusual animal behaviour. This
technique, however, cannot be applied everywhere.
Moreover, prediction will not be helpful in avoiding or
reducing damages caused by earthquake because
building and other structure cannot be evacuated (Tiwari,
2002). Lack of reliable quake prediction technology
forces us to learn to live with the earthquake by reducing
their disastrous impact on human life and property.
Earthquake hazards of Northeast India cannot be
changed, however, disaster can be mitigated. High
seismic risk in the region calls for an urgent and
sustained mitigation efforts. Yokohama Declaration,
1994 (at the mid-term review conference of IDNDR)
reads: “Disaster prevention, mitigation and
preparedness are better than disaster response in
achieving the goals and objectives of the decade. Disaster
response alone is not sufficient as it yields only
temporary results at a very high cost. Prevention
contributes to lasting improvement in safety and is
essential to integrate disaster management”.
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The importance of seismological studies lies in the
fact that information generated can be used to mitigate
the earthquake hazards. Preparation of seismotectonic/
seismic zonation maps is the first step in this direction.
The basic data required for the preparation of these maps
are (i) A carefully compiled earthquake catalogue
incorporating details about magnitude, location of
epicenter, depth of focus etc., (ii) Delineation of seismic
source zones from all possible sources like recurrence
relation,
tectono-geological
consideration,
palaeoseismicity etc., (iii) Estimation of upper bound
magnitude through statistical procedure, cumulative
seismic energy release, active fault length etc. and (iv)
Attenuation of ground shaking for better results (Das
Gupta, 1999). (v) Seismic microzonation is recommended
for better result. These maps give an idea about the
possibility of occurrence of earthquakes in the region
and are very useful for evaluating the risk involved
before designing and constructing heavy engineering
structures like dam, bridges, flyovers and large towers,
etc. These are also useful for planning human
settlements that would remain safe during the
occurrence of an earthquake. Seismic risk evaluation is
also possible from these maps.
Description of the Area
The area covers the northeastern prolongation of the
Indian Shield comprising Surma valley and IndoBurmese Range bounded by Post-Barail unconformity.
It lies between 90oE and 95oE longitudes and 22oN and
26oN latitudes. Two prominent faults- the NE-SW
trending Sylhet fault in the northern part of Surma valley
(Nandy, 1983) and NW-SE trending Mat fault in the
5
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eastern part of Surma valley are conspicuously present
in the study area (Fig. 2). The seismotectonics of the
region is the matter of interest for several researchers.
Four major earthquakes have occurred in the study area
during the past hundred years. These are: Cachar
Earthquake of 1869 (M=7), Srimangal Earthquake of 1918
(M=7.6), Cachar Earthquake of 1984 (M=5.8) and IndoBurma Earthquake of 1988 (M=7.5). Other main tectonic
domains in the study area are E-W trending Dauki fault
(which demarcates the boundary between the
Meghalaya plateau and Bengal basin), NE-SW HailHakula lineament, N-S Jamuna fault, N-W Padma
lineament, N-W Tista fault, and Tuipui fault (Tiwari,
2002).
The area is mostly covered by thick marginal marine
to shallow marine sedimentary succession of Oligocene
to Pliocene age and belongs to Barail, Surma and Tipam
Group. Surma Group of Lower –Middle Miocene is the
main lithostratigraphic unit in the study area. Bhuban
and Bokabil Formations constitute Surma Group. This
group consists of alternating succession of arenaceous
and argillaceous succession. The main rock types are
sandstone, siltstone, shale and mudstone and their
admixture in various proportions. Mizoram has been
considered as the depocenter of Surma succession
having exposed thickness of ~6500m. Another 5000m of
the succession is concealed.
Present Status
Although significant progress has been made in
monitoring of the earthquakes in Northeastern India by
establishing a number of seismic network stations over
the past few years, many of the questions concerning
6
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the location and nature of the potential seismic source
zone/ seismogenic faults still remain unsolved. The
practical earthquake hazard assessment involves 1)
identification of seismogenic structures forming the
source and 2) evaluation of maximum possible
earthquake related to the seismogenic structure and
frequency-magnitude relation for individual source
zone/tectonic blocks traversed by different tectonic
elements.
So far, only statistical analysis of historical
earthquake data has been resorted for predicting future
earthquakes without due consideration to the distinct
source zones in Northeastern India (Gupta, et al.,1982,
1986; Gupta, 1985; Guha, et al., 1984; Das Gupta, et al.,
1998; Khattri, 1987). Precursor signals like clustering of
fore-shocks, change in resistivity and gravity values were
considered for predicting earthquakes in the region
(Gupta, et al., 1989; Kayal, 1991).
Gupta (1985) considered the 1984 Cachar earthquake
which lies in the region of Tripura-Mizo fold belt as a
precursory event for large earthquakes. Kayal (1991)
attempted to correlate the observed change in resistivity,
Vp/Vs ratio and microgravity values in the western part
of the Meghalaya Plateau as precursors for the 1984
Cachar earthquake (Mb=5.5) and also for the 1988 North
Myanmar earthquake (Mb=7.5) which occurred at a
distance of more than 200km from the site of
measurement of precursor signals. This observation and
correlation seems to be too much of inferences for such
far field events. Guha, et al. (1984) have reported
significant precursory decrease in b-value in the
northeastern region of India and indicated probability
of occurrence of great earthquakes (M>8) in the near
7
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future. Gupta and Singh (1989) studied the earthquake
sequence which occurred before the 1984 Cachar
earthquake and 1988 North Myanmar earthquakes.
Studying the seismicity pattern in different time-intervals
within a 5 o -6 o space window, they suggested that
precursory swarm hypothesis of Evison (1977) could be
made predictive in the northeastern region of India.
Temporal occurrence of earthquakes having
magnitudes >5.5 and 6.0 was statistically analyzed for
the seismically active northeastern region of India. Nonstationary Poisson distribution provide a good fit to
analyze the earthquake sequence for the entire area for
which there has been 90% probability for the occurrence
of at least one earthquake of magnitude Mb>6 in any
time window of 5 years, while the probability has been
98% for an event of Mb>5.5 in any two years time slot.
Similarly, for the eastern Himalayan tectonic domain,
probability was found to be 70% and for the Myanmar
arc it was 90% for at least one earthquake of Mb>6.0
within the recurrence period of 10 years. Seismic hazards
maps with percent probabilities for the occurrence of at
least one earthquake of Mb>6.0 with return periods of
20 and 50 years have been prepared based on such
analyses (Das Gupta, et al., 1998)
Detailed investigations on regional geology,
morphotectonics and their relation to gravity anomalies
in this region have been made by Verma et al. (1976),
Nandy (1986) and Mukhopadhyay and Dasgupta (1988).
Based on the morphotectonic trends and the seismicity
pattern, Mukhopadhyay and Dasgupta (1988) divided
the Burmese arc region into four sectors. Sector I
corresponding to the Naga hills area in the north to Sector
IV covering Arakan-Yoma region of Coastal Burma in
8
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the south. Based on detailed seismotectonic evaluation
of Northeast India, Kayal (1996) identified five broad
tectonic zones viz., the Himalayan collision zone,
Indo-Burman subduction zone, the Syntaxis zone
(Mishmi hills), Shillong Plateau and Assam valley
area, and the Bengal basin-Tripura fold belt area.
Studies by Nandy and Dasgupta (1991) and Kayal et
al. (1993) reveal that the Kopili-Bomdila fault zone is
seismically the most active region in the eastern
Himalayas with many of the events displaying strikeslip motion along the NW nodal plane oblique to the
Himalayan trend. East of the Indo-Burman ranges, the
Sagaing fault in the back arc region is seismically very
active. Le Dain et al. (1984) and Ni et al. (1989)
suggested that most of the right-lateral slip of India
is accommodated along the Sagaing fault. Further east,
the Shan Plateau belonging to the Asian plate is also
seismically active and intraplate deformation in this
region is distributed over several left-lateral faults
(Haines and Holt, 1993).
Fault-plane solutions of about 50 events were
published by different authors (e.g. Fitch, 1970; Rastogi,
1973; Tandon and Srivastava, 1975; Verma et al., 1976 a
and b; Mukhopadhyay, 1984, Dube et al., 1986;
Mukhopadhayay and Dasgupta, 1988) using the
polarities of P-waves reported in published bulletins.
These solutions were compiled by Kayal (1996). These
solutions are annotated in the depth sections as N
(Normal faulting), T (Thrust faulting) and as S (Strike
slip faulting), which fairly explain the Benioff zone
earthquakes and the overriding plate earthquakes.
Although some of these solutions are consistent with
the CMT solutions, it is difficult to assess the quality of
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these solutions because of inconsistent readings and
often unreliable bulletin data (Chen and Molnar, 1990).
Chen and Molnar (1990) presented 17 reliable fault-plane
solutions for the region after re-analyzing the source
parameters using the original seismograms and taking
care of necessary corrections.
The Indo-Burma earthquake of August 6, 1988 (7.5)
is the largest earthquake that occurred beneath the IndoBurman ranges in recent years. The fault-plane solutions
obtained by Chen and Molnar (1990) is almost similar
to the CMT solutions. The solution is a mixture of
reverse and strike-slip faulting showing a NNE-SSW
compressional stress. The earthquake events of May 31,
1973 and May 6, 1984 occurred close together, both
having similar magnitude ~ 5.7 and depth 57 + 5 km
and show almost similar solutions with large strike-slip
components. Similar fault-plane solutions are also
obtained for the events of May 29, 1970, December 29,
1991 and May 21, 1975 having magnitudes ~ 5.1 – 5.6,
focal depths 40-60 km in the Indo-Burman ranges. The
solution for the earthquake of February 18, 1965 (M 5.4),
which shows a large component of normal faulting, is
the only solution that differs from the oblique thrust
faulting observed for the other events beneath the IndoBurman ranges.
Two events of December 27, 1968 (M 5.1) and
February 02, 1971 (M 5.4), that occurred beneath the
Bengal basin show large component of thrust faulting
with NNE-SSW compressional stresses (Chen and
Molnar, 1990). These two events occurred at a depth of
30-40 km, below the folded sedimentary rocks, possibly
in the lower crust. None of the nodal planes of the
solutions are parallel to the trend of the local NNE
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thrust/folds in the area. The Cachar earthquake of
December 30, 1984 (M 5.8) occurred at shallower depth,
is a damaging earthquake that occurred in the TripuraMizo fold belt in recent years, which shows a near thrust
faulting on either of the two moderately dipping nodal
planes that strike northwesterly. Again, the strikes of
the nodal planes are oblique to the local NNE trend of
the Indo-Burman ranges. Ni et al. (1989) reported 15
reliable fault-plane solutions in the Indo-Burman ranges.
Their solutions of five earthquakes that occurred within
the Indian slab below the central and northern Burma
ranges, show strike slip faulting with P-axes that plunge
towards north-northeast, parallel to the oblique
convergence.
Rao and Kalpana (2005) studied CMT solutions of
60 earthquakes (M 4.5- 6.5) within the subducted Indian
plate in the Indo-Burma region for stress inversion. It
may be noted that the solutions show three types of
faulting. There is a clear segregation of normal, strikeslip and thrust type solutions along the dipping slab;
the thrust/reverse solutions are observed in the lower
portion of the down going slab below 90 km and above
that depth, normal and strike-slip solutions are observed.
The stress inversion indicates distinct stress fields above
and below 90 km along the subducted Indian
lithosphere. In the upper part of the slab, the P and T
axes trend NNE and ESE respectively, in conjunction
with the ambient stress field of the Indian plate. These
observations suggest that the upper part of the slab is
governed by the NNE oriented horizontal plate tectonic
forces, whereas the lower part is governed entirely by
tensile forces due to gravitational loading on the
subducted slab.
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Whatever be the assessment of future earthquakes
from such statistical analysis or analysis of past
earthquake events, it is unlikely to yield any tangible
and useful result until in-depth knowledge of tectonic
evolution, characteristics of individual and distinct
tectonic domain is obtained through rigorous field
geological and geophysical investigations. Therefore, an
attempt has to be made to synthesize all available
updated information on geology, tectonics, seismicity
including those derived from the remote sensing
techniques, source characterization of the faults in Surma
valley and adjoining regions to bring out the tectonic
activity of the region and to identify the seismogenic
structures or earthquake source zones so that future
research in these fields can be rightly oriented with
identified thrust areas having the objective of mitigation
of earthquake hazards in this highly vulnerable part of
our country.
In spite of the facts already stated, Bengal basin and
Indo-Burma region in Northeastern India remains to be
highly vulnerable to earthquake hazards as revealed by
the damages and destructions inflicted by the past
earthquakes. It is also noted with alarm that people
living in these regions have almost forgotten their past
experiences; thus, they have built and are also building
multi-storied brick masonry and RCC houses in many
towns, especially in Shillong and Guwahati which were
almost razed to the ground during the 1897 great
earthquake, in place of conventional Assam type houses
which are ‘earthquake proof’ to a great extent.
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Figure 1: Tectonic map of NE India region showing
large earthquakes (M> 7.0) including two great (M ~
8.7) earthquakes (solid stars), two recent damaging
earthquakes are shown by open stars (Kayal, 1998).
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Figure 2: Surma Valley (90oE and 95oE longitudes to
22 oN and 26 oN latitudes) showing major tectonic
domains.
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