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1. INTRODUCTION

The Northeastern region (NER) of India is a seismi-
cally active region which lies in the most active zone V
(BMTPC, 2003) (Figure 1a) of seismic zones of India.
The region jawed in between the Himalayan collision
arc to the north and northeast and the Indo Burmese
subduction arc to the south and southeast has produced
two great earthquakes (1897 and 1950) and the whole
region experienced 20 large earthquakes (M > 7.0) dur-
ing the last 200 years [Angelier and Baruah, 2009]. 
This region is tectonically divided into several mosaics
by deep-rooted faults/thrust along which episodic
block/thrust/strike-slip movements are reported [Nandy,

1986, 2001]. The seismicity pattern of NER shows rela-
tively higher concentration of events in the Shillong
and Mikir Plateaus, Arunachal Himalaya and Indo-
Myanmar subduction zone. 

Amongst a number of active faults in NER, the Kopili
and the Bomdila Faults are very active, which is evi-
denced from the occurrence of 24 large magnitude
(Mw≥5.5) seismic events in recent past (Figure 1b). Con-
centration of events along both the Kopili and Bomdila
Faults are considered to be an intraplate seismotectonic
domain. These intraplate seismic activities are fairly in-
tense in this region due to its complex stress regime
[Nandy, 2001, Angelier and Baruah, 2009]. The Kopili
Valley region has produced two large earthquakes
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ABSTRACT
The Mikir Hills plateau is encompassed by two prominent faults - Bomdila Fault to the east and the Kopili Fault to the west character-

ized by strike-slip kinematics. The Kopili Fault has a dip of 75° towards NE. Simultaneously, the Bomdila Fault dips with 50-55° towards

the NNE. An integrated approach based on seismotectonics, gravity and magnetic data is utilized to understand the tectonic activity of

the Kopili and Bomdila Faults. The bottom of seismogenic zones is inferred to be 45±2 km and 50+2 km for the Kopili Fault and the
Bomdila Fault region respectively. So far gravity anomaly is concerned; it varies between -110 to +60 mgals along the Kopili - Bomdila

Fault regions from the Belt of Schuppen to the MCT. The low gravity values over the Bomdila Fault area indicate presence of thick al-

luvial deposits while along Kopili Fault lesser sediment thickness is observed. Simultaneously, basement being at shallower depth, lower

magnetic values indicate presence of thick alluvial deposits in and around Bomdila Fault. The curvatures and closures of the gravity con-

tours along the fault lines indicate structures involving basement and indicate influence of Bomdila Fault up to the basement. Simulta-

neously, it is observed that Kopili and Bomdila faults are neotectonically active. All these are the prime input to the seismic hazard

assessment of the region.



(M>7.0) in 1869 and 1943 and Kopili Fault is thought
to have triggered the 2009 Bhutan earthquake [Kayal et
al., 2012] (Figure 1b). Kayal et al. [2006, 2010, 2012]
have identified this region as a potential region of gen-
erating future large magnitude earthquakes. Recently,
it is argued that Kopili Fault cuts across the Himalayas
and caused displacement and curvilinear structure at
the Main Boundary Fault and Main Central Thrust zones
[Kayal et al., 2010, 2012]. It is also observed that topo-
graphic features (e.g., higher hillocks, valleys, rivers and
elevation) represent a departure from hydrostatic equi-
librium, and earth’s reaction to surface load according
to certain rheological laws provide a means of dis-
tributing the stress over depth within the earth [Nandy,

2001]. From historical point of view, the first estimate
of stress in the earth was based on gravity anomalies.
Gravity anomaly also infers that there exist mass
anomalies and, therefore, deviatoric stresses, that are
unrelated to the surface elevations [Mc Nutt, 1980].
Gravity modeling generally uses density variation,
whereas magnetic uses susceptibility contrast to map
basement depth [Ghosh et al., 2010].

Seismological work in these areas are done by
Nandy [2001], Dasgupta [1977], Dasgupta et al., [1987],
Kayal [1987, 1996, 2001], Kayal et al., [2006, 2010,
2012], Baruah et al., [1997], De and Kayal [2004], Bhat-
tacharya et al., [2002, 2008, 2010]. Paleoseismic inves-
tigation in the Kopili Fault zone by Kumar et al. [2016]
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FIGURE 1. a) Geological location map of the study area (within latitudes 25°00΄-28°00΄ N and longitudes 91°00΄- 96°00΄ E shaded
in grey) showing the major structures (modified after Dasgupta, 1977 and Nandy, 2001). The major rivers along the
study area are: 1. Kopili R., 2. Dhansiri (North) R., 3. Dhansiri (South) R. and 4. Bargang R. Inset: b) showing major earth-
quakes along with tectonic features (red lines) in Northeast India region (after Murthy, 1969; Nandy, 2001 and Baruah
and Hazarika, 2008). The great 1897 Shillong earthquake (Ms~8.7) in the region is shown by star, and the large earth-
quakes (Mw>5.5) by circles. The digital seismic stations are shown by triangles. c) and d) are the frequency distribution
of magnitudes and focal depths of 9376 earthquakes of Northeast India during the period 1984-2015.



indicates seismogenic liquefaction features near Kopili
and Kalang rivers which correspond to the occurrence
of causative seismic events. Gravity and magnetic stud-
ies in different parts of northeast India was done by
Verma and Mukhopadhyay [1977], Tiwari et al. [2006],
Saha et al. [2008], Ghosh et al. [2010], Saha [2011] and
Sharma et al. [2012]. 

This study deals with seismotectonics, gravity and
magnetic data to understand the dynamics of the Kopili,
Bomdila Faults and its vicinity. The variation of grav-
ity and magnetic anomaly besides inferences on focal
mechanism solutions, orientation of P & T axis and the
primary faults planes are the main inputs which ascer-
tains the dynamics associated. The major question ad-
dressed is that these two faults are seismically and
neotectonically active and are capable of producing a
>M7.0 earthquake. Moreover these two faults intersect
with one gigantic tectonic domain - the Main Boundary
Thrust in Arunachal Himalaya. A critical assessment of
these interactions and their persistent associated fea-
tures are the major issues addressed in this study. The
inferences from this study is that these two faults show
recent tectonic activity to the east of Kopili Fault and
west of Bomdila Fault, and is a region of stress build
up with high strain of about (64-256)* 10-9 nanos-
train/year [Kreemer et. al., 2003]. Hence, these two
faults and its vicinity are seismically a potential site of
a future large earthquake.

2. TECTONIC SETTING

Geologically, the Kopili and Bomdila Faults comprise
Neogene-Quaternary sediments, which were deposited
directly over the Archean basement. The Kopili Fault
zone is approximately 300 km long and 50 km wide. It
is a NW-SE trending strike-slip fault [Kayal et al., 2006,
Bhattacharya et al., 2008, 2010]. The tectonic disposi-
tion of this fault delineates the two Precambrian mas-
sifs on either side - the Shillong Plateau and the Mikir
Hills. It is bounded by the Main Boundary Thrust (MBT)
to the north and by the NE-SW trending Belt of Schup-
pen to the south (Figure 1a). The Bomdila Fault trends
along WNW-ESE direction and is about 400 km long
strike slip fault. The northern part of the fault mostly
lies in the Gondwana, Paleogene and Neogene sedi-
ments. This fault is bounded to the east and south by
the Belt of Schuppen, to the west by the Mikir massif.
In the north, the fault also cuts across the Himalayan
fold belt [Nandy and Dasgupta, 1991].

The Kopili and the Bomdila Faults are the two main
seismically active structures under study. The Kopili

Fault was the seat of two large earthquakes (Figure 1b).
One of these events occurred on 1869 (M 7.7) in the
southeastern end of the fault transgressing Naga-Disang
thrust while the other event (1943; M 7.2) occurred far-
ther north of 1869 event within a span of about 75
years [Kayal, 2008] (Figure 1b). Intense seismic activity
is observed down to a depth of about 50 km beneath
the Kopili Fault, and the activity continues to the Main
Central Thrust (MCT) in the Bhutan Himalaya. Although
MCT is dormant [Ni and Barazangi, 1984], however in-
tense activity is observed at the region where Kopili
Fault meets the MBT and MCT [Nandy, 2001, Kayal et
al., 2010, 2012]. This is evidenced by the August 19,
2009 Earthquake (Mw 5.1) in the Assam Valley that oc-
curred in the center of the Kopili Fault zone and the
September 21, 2009 strong Bhutan Himalaya Earth-
quake (Mw 6.3) that occurred at the northern end of the
Kopili Fault where it hits the MCT [Kayal et al., 2012].
The earthquakes of August 19, 2009 and the September
21, 2009, are shallow focus (depth ~ 10 km) showing
right lateral strike-slip faulting [Kayal et al., 2010]. This
indicates that the Kopili Fault zone is under compres-
sional stress from the Indo-Burma arc to the east and
from the Himalayan arc to the north and is character-
ized by transverse tectonics. The Bomdila Fault lies in
a tectonically active region which crisscrosses the MCT,
MBT and Naga-Disang thrust along NW-SE direction.
Most of seismic events that occur along this fault have
shallow focus depth [Kayal, 2008], except for a few
events in the NW trending wedge-shaped block lying
in between the Kopili and the Bomdila Faults. The
earthquake events in this tectonic block occur in a dif-
fused pattern having post-collisional intracratonic
characteristics [Nandy and Dasgupta, 1991]. Characteris-
tically, the Upper Brahmaputra Valley between the
Bomdila Fault and almost near NW-trending Mishmi
Thrust in the northeast is almost devoid of any earth-
quakes, which is termed as the Assam Gap [Khattri, 1983]. 

3. DATA SELECTION AND METHODOLOGY

A database of 9376 events consisting of hypocentral
parameters and 188 focal mechanism solutions (FMS)
are prepared for the periods 1984-2015 and 1963-2015,
respectively for seismotectonic study. The hypocentral
database is prepared from the seismological bulletin
published annually by CSIR North East Institute of Sci-
ence and Technology (NEIST)-Jorhat and CSIR National
Geophysical Research Institute (NGRI)-Hyderabad. Phase
data bulletins of Indian Meterological Department (IMD),
Shillong, Manipur University, Mizoram University and
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Gauhati University are also taken into consideration
wherever needed. The barest minimum magnitude of the
earthquake events are considered to be 1.5. 

The uncertainties involved in the estimates of origin
time for these events are 0.03 to 0.1 sec. The uncertain-
ties involved in the estimates of focal depths are
± 3 km. On the other hand the uncertainties involved in
the estimates of longitude (ERLN) and latitude (ERLT) of
epicenters lies within the range of 0 to 2.0 km. The max-
imum number of earthquakes lies within the magnitude
band of 2.5 - 5.5, which is around 80 % (Figure 1c). As
regards distribution of depth, most of the events occur
within the depth of 50 km range (Figure 1d).

The FMS database is prepared from Global Centriod
Moment Tensor (GCMT) (http://www.globalcmt.org) and
published literatures [Chen and Molnar, 1990, Kayal et
al., 2012 and Nandy, 2001]. Five events of 12th May 2012
(M 5.4) obtained from and recorded by more than 5 local

seismic stations of CSIR-NEIST have been
located using the HYPOCENTER program of Lienert et al.
[1986] with an average RMS 0.03 sec, epicenter
and depth error <1km. FMS for these events are deter-
mined using FOCMEC (http://www.iris.edu/pub/pro-
grams/focmec/).  

In order to correlate, the FMS and depth section plots
within a span of 50 km on either side along and across the
Kopili and Bomdila Faults, three sections are considered:

(a) Kopili Fault (section AB; 25.18° N, 93.27° E - 27.58°
N, 91.48° E), parallel to the trend of the fault.

(b) Kopili - Bomdila (section CD; 24.42° N, 90.60° E -
27.38° N, 94.23° E), perpendicular to the trend of
the faults and

(c) Bomdila Fault (section EF; 25.73° N, 95.48° E -
27.75° N, 91.25° E), parallel to the trend of the fault.

A total number of 1159, 1213 and 1160 events of
M>1.5 along Kopili Fault, across Kopili-Bomdila and

FIGURE 2. a): Inset: Seismotectonic map of the Kopili-North Dhansiri and South Dhansiri-Bargang Valleys. AB is the section along the
Kopili Fault, EF is the section along the Bomdila Fault and CD is the section across the Kopili and Bomdila Faults. The
bounding lines indicate a distance of 50 km on either side of the section lines. b) Structural map of the study region show-
ing distribution of 188 numbers of Focal Mechanism Solutions (black and coloured circles) within latitudes 24° – 28° N and
longitudes 90° – 96° E. The dashed brown lines indicate the sections lines. AB is the section along the Kopili Fault (FMS
shown by red circles), CD is the section across the Kopili and Bomdila Faults (FMS shown by blue circles) and EF is the sec-
tion along the Bomdila Fault (FMS shown by green circles). 
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FIGURE 3. Focal Mechanism Solutions (FMS) of the earthquake events using P-wave first motion and data compiled from various
sources a)i. 40 events along the Kopili Fault (A-B), b)i. 39 events along the Bomdila Fault (E-F) and c)i. 42 events occur-
ring across the Kopili and the Bomdila Faults. a), b) and c) ii Illustrates a) the depth distribution of events, b) projected depth
view of focal mechanism solutions, c) nodal planes projected in the depth section and d) and e) orientation of P and T axes,
along section AB, EF and CD respectively.
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across Bomdila Fault are plotted respectively. Out of
these, a total number of 42 FMS along the Kopili, 43
FMS across Kopili-Bomdila and 40 FMS along Bomdila
Fault are considered. Cross-sections of these events are
plotted [utilizing RAKE software; Louvari and Kiratzi,
1997] with the variation of hypocenters, depth view of
focal mechanism solutions, plots of the primary fault
planes, P-T axes with respect to the depth to know
about the dynamics underneath. 

For a better understanding of structures and tecton-
ics of a region, it is essential to have an insight into the
deep crust down to the upper mantle. One of the tools
for drawing such inferences is the analysis of the grav-
ity and magnetic data especially in the area covered by
thick sediments. A detailed gravity and magnetic data
are compiled from GRACE satellite by USGS
(https://grace.jpl.nasa.gov/data/) to observe gravity and
magnetic anomaly associated with major tectonic ele-
ments in the region. This anomaly supplements the seis-
motectonics analysis of this region. GRACE measure
changes of gravity and magnetic field in time and reg-
ister mass movements caused by global and regional
changes. Also literature data and maps by different
workers on geophysical gravity studies are compiled
[e.g. Verma and Mukhopadhyay, 1976, 1977; Nandy,
2001; Tiwari et al., 2006; Saha et al., 2008; Ghosh et
al., 2010; Saha, 2011; Vaish and Pal, 2015] and a thor-
ough study is done to find out evidence which support
the findings.

Geomorphologically, various features including dis-
position of the faults and the main trends of some major
rivers trunks (Kopili-Dhansiri (N) and Dhansiri (S)-Bar-
gang) are parallel to the main fault trends (Kopili-
Bomdila). The anomalous linear courses and the abrupt
right angle turn in many places of the rivers indicate
relatively some influence of these structures on the re-
gional drainage of the area. Moreover, geomorpholog-
ical evidences like, development of terraces, upliftment,
tectonic depressions, sag ponds, swamps, fault scarps,
drainage anomalies and abandoned channels along the
faults suggest that these two faults are highly active. In
addition the disposition of the gravity and the magnetic
contours clearly depicts the trend of these two faults
which can be traced from the Belt of Schuppen upto
MCT through these rivers.

4. RESULTS

The significant indicator of ongoing tectonic activ-
ity in the Kopili and the Bomdila Faults is derived from
seismotectonic, gravity and magnetic studies supple-

mented by neotectonic evidence. The important param-
eters which incidentally discover the internal mecha-
nism, its coupling, the anomalous tectonic behavior
besides defining crustal structure are:  

4.1 SEISMOTECTONIC STUDY
4.1.1 KOPILI FAULT:
The epicentral map indicates that the Kopili Fault

remains highly active towards northern part in com-
parison to the southern part (Figure 2a). The seismic
activity of the region to the north where the Kopili
Fault intersects MBT and MCT portray current tectonic
activity. It is also observed that the seismicity in the
eastern part of the fault is more frequent than in the
western part (Figure 2a).

In order to study the source characteristics of the
Kopili Fault region, a total number of 40 fault plane
solutions along the section AB are used (Figure 3a,i).
However among these focal mechanism solutions (Fig-
ure 3a,i), different types of mechanisms are observed
(Thrust = 5, Thrust with strike-slip component = 4,
Strike-slip = 23, Normal = 1, Normal with strike-slip
component = 6) in the demarcated area. A total of 10
(event number 1, 32, 21, 29, 10, 14, 2, 27, 42 and 38)
focal mechanism solutions could be associated with
the Kopili Fault. Out of these, 7 (event numbers 1, 32,
21, 29, 14, 2 and 38) events are characterized by
strike-slip faulting, 2 (event numbers 10 and 42) are
characterized by thrust with strike-slip component
events and 1 event (event number 27) indicate thrust
component. Event number 29 characterizes the Kopili
Fault with strike-slip mechanism having the fault
plane very clearly oriented along NW-SE. Similarly
event numbers 2, 14, 38, 32 clearly ascertain the trend
of the fault plane which is pertinent to the regional
trend of the Kopili Fault. Similar strike-slip type fault-
ing mechanisms are also observed far north where
Kopili Fault crosses the MBT. Further north, in the
same alignment of the Kopili Fault, crossing the MCT,
the region is characterized by preferably thrust mech-
anisms as depicted by event numbers 31 and 17.

Considering the primary nodal planes of the 10
fault plane solutions which coincide with the regional
NW-SE trend of the Kopili Fault, it is observed that the
fault dips towards the NE direction with an average
dip angle around 75°. For example, two solutions
numbered 33 and 29 are well associated with the
Kopili Fault. The solution 33 indicates the focal pa-
rameters as strike=321°, dip=73°, rake=173°, while so-
lution 29 indicate strike=342°, dip=80°, rake=-175°.
These parameters and a few solutions involve pre-
dominantly the strike-slip mechanisms of the Kopili
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Fault having dip angle ~ 75° to the NE.
Figure 3a,ii illustrates the distribution of events

along the Kopili Fault (section AB in Figure 2a). The
depth section indicates very clearly the variation of
focus between 40 km and 75 km from southeast to
northwest which comprises mainly Kopili Fault, MBT
and MCT, successively. Notably, the bottom of seis-
mogenic zone is within 45±2 km in the Kopili where
large concentrations of earthquakes are observed.
However, sharp increase in depth is observed starting
from north of Brahmaputra towards north up to MCT
(Figure 3a,ii,a). The projected depth view of the FMS
(Figure 3a,ii,b), the inferred primary fault plane (Fig-
ure 3a,ii,c), orientation of P and T axes (Figures
3a,ii,d,e) in Kopili depict the characteristics of each of
associated focus. 

4.1.2 BOMDILA FAULT:
Similarly, the epicentral map during 1984-2015 il-

lustrates less seismicity in and around Bomdila Fault
in comparison to the Kopili Fault zone (Figure 2a).
However, the segment of the fault beyond the MCT
towards north does display a clustering of events.
This shows that the Bomdila Fault remains highly ac-
tive towards northern part in comparison to the
southern counterpart. It is seen that the seismicity in
the western part of the Bomdila Fault is much higher
as compared to the eastern part. Most of the seismic
events that occur along this fault have shallow focus
depth [Kayal, 2008] except for a few events in the
NW trending wedge shaped block lying in between
the Kopili and the Bomdila Faults. 

A total number of 39 fault plane solutions have
been used for source characteristics of the Bomdila
Fault (Figure 3b,i). Figure 3b,ii illustrates the distri-
bution of events along the section EF which are used
to study the Bomdila Fault from south to north. How-
ever among these focal mechanism solutions (Figure
3b,i), different types of mechanisms characterize
(Thrust = 3, Thrust with strike-slip component = 10,
Strike-slip = 23, Normal = 1, Normal with strike-slip
component = 2) the area demarcated. A total of 12
(event numbers 32, 9, 11, 22, 10, 20, 28, 27, 3, 23, 29
and 17) of FMS could be associated with the Bomdila
Fault. Out of these, 9 (event numbers 32, 9, 11, 20,
28, 3, 23, 29 and 17) events are characterized by
strike-slip faulting; besides 2 (event numbers 10 and
27) events having thrust with strike-slip component
and 1 event (event number 22) showing normal with
strike-slip component. The strike-slip events clearly
ascertain the trend of the fault plane which is perti-
nent to the regional trend of the Bomdila Fault. Con-

sidering the primary nodal planes of the 12 fault
plane solutions lying close to the Bomdila Fault,
which coincide with its regional NW-SE trend, it is
observed that the fault dips towards the NNE. For ex-
ample, two solutions numbered 30 and 26 are well
associated with the Bomdila Fault. The solution for
number 30 indicates the focal parameters as
strike=315°, dip=53°, rake=26° and solution for num-
ber 26 indicates strike=290°, dip=50°, rake=-160°.
These parameters and a few solutions involve pre-
dominantly with the strike-slip characteristic of
Bomdila Fault having dip angle ~ 50-55° to the NNE.

Simultaneously, Figure 3b, ii illustrates the distri-
bution of events along the section EF (Figure 2a)
aligning the Bomdila Fault. The depth section indi-
cates very clearly the variation of focus from 40 to
65 km from south to north, which comprises Belt of
Schuppen, Assam Plains, Arunachal Himalayas and
MBT. Notably, the bottom of the seismogenic zone is
within 50±2 km beyond Belt of Schuppen where large
concentration of earthquakes is observed towards
north (Figure 3b,ii,a). However, sharp increase in
depth starts from Arunachal Himalayas towards fur-
ther north. The depth section plots of fault plane in-
dicate the characteristics orientation of the plane
co-located with the focus. The projected depth view
of the FMS (Figure 3b,ii,b), the inferred primary fault
plane (Figure 3b,ii,c) and orientation of P and T axes
(Figures 3b,ii,d,e) show dominant NW-SE trending P-
axes in the Bomdila Fault while the T-axes are mostly
oriented along NNW direction. The orientation of P-
axes conforms and confirms the transverse tectonics
of Bomdila Fault. 

4.1.3 ACROSS KOPILI-BOMDILA FAULTS: 
A total number of 42 fault plane solutions are

used to study the source characteristics across both
the Kopili and Bomdila Faults (Figure 2a), as illus-
trated in Figure 3c,i. Different types of mechanisms
(Figure 3c,i), are observed among these focal mecha-
nism solutions (Thrust with strike-slip component =
10, Strike-slip = 21, Normal = 2, Normal with strike-
slip component = 9). 

Figure 3c,ii illustrates the depth section of events
distributed along the section CD (Figure 2a) across
the Kopili and the Bomdila Faults. The depth section
(Figure 3c,ii,a) indicates very clearly the variation of
focus from 40 km to 60 km along section CD (from
west to east) which comprises Shillong Plateau,
Assam Valley, Kopili and Bomdila Faults. Seismicity
is seen to be relatively lower at and to the east of the
Bomdila Fault. The bottom of seismogenic zone is



within 45±2 km in the Kopili which increases towards
the Bomdila Fault, consequently. In this illustration
as well, a large concentration of earthquakes are ob-
served in the Kopili Valley area. The projected depth
view of the focal mechanisms (Figure 3c,ii,b), the in-
ferred primary fault plane (Figure 3c,ii,c) and orien-
tation of P and T axes (Figure 3c,ii,d,e) show
dominant NNW and NNE trending pressure axes in
both Kopili and Bomdila while the T-axes are mostly
oriented along E-W and NW-SE direction. 

4.2 GRAVITY STUDY:
4.2.1 GRAVITY ANOMALY IN AND AROUND KOPILI

FAULT:
The gravity contours of the area range from -110 to

60 mgals and almost follow the regional structural trend
of the region (Figure 4a). The gravity contours along
the western part of the Kopili Fault trend in the E-W
direction. But in the central part of the fault i.e., to-
wards the Brahmaputra and in the southwestern part
(near the fault end) we observe gravity anomaly which
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FIGURE 4. a) and b): Gravity and magnetic anomaly map at 20 mgal contour intervals derived from Grace Satellite showing the
Kopili and the Bomdila Faults. The red lines indicate the geological structures and the blue lines indicate the major
rivers under study. The yellow lines (AA΄, BB΄, CC΄, DD΄, EE΄, FF΄, GG΄, HH΄ and II΄) are the gravity and the magnetic
profile lines across the Kopili and the Bomdila Faults respectively.



may indicate some structures or anisotropic material in-
volving the basement (Figure 4a). The 20 mgals inter-
val contour indicates a higher thickness of alluvial
deposit across Kopili and Bomdila Faults along the
Bramhaputra flood plain. The whole Brahmaputra Val-
ley show a low value of -70 to -110 mgals while the
value increases towards both the northern and south-
ern side of the Brahmaputra Valley up to +40 mgals. To
the southern side of the Brahmaputra River (along the
Kopili Fault), the contours trend from an E-W direc-
tion to a NW-SE direction (Figure 4a). While in the
northern side of the Brahmaputra River, the contours
trend in an E-W direction. The contours to the north of
the Kopili Fault are more closely spaced by. The steeper
gradients suggest faulting up to the basement and
maximum change in crustal thickness [Verma and
Gupta, 1973]. The sparse distribution of average normal
gravity estimates in the central part of the Kopili Fault
is due to the thick deposit of alluvium. Here the base-
ment assumes a north dipping bowl shaped basin with
thickest sediment in the area north of Nagaon. The
NW-SE Kopili Fault is clearly discernible by the dispo-
sition of these gravity contours. The contour show de-
viation from the average normal gravity estimates
where the fault passes through. The gravity profiles
(AA΄, BB΄, CC΄, DD΄, EE΄, FF΄, GG΄, HH΄ and II΄) in Fig-
ure 4a across the Kopili Fault indicate low gravity
value along the fault. But the value increases as we
move from the north to the south of the fault indicat-
ing less sediment thickness (shallow basement) as we
approach the Belt of Schuppen area.  

4.2.2 GRAVITY ANOMALY IN AND AROUND BOMDILA
FAULT:

The gravity contour varies in between -110 mgal to
+60 mgal over the Bomdila Fault (Figure 4a). Towards
the northern and the southern end of the fault they
show closely spaced contours with U-shaped pattern.
The gravity contours around Golaghat are low which
range from -110 to -20 mgals. The curvatures and the
closures by the sides of the fault indicate some struc-
tures involving basement or may be due to the influ-
ence of the Bomdila Fault, which extends down to the
basement. Around 26°20΄ N latitude and 94°00΄ E lon-
gitude, where the Bomdila Fault meets the Belt of
Schuppen, the contours takes sharp southward turn
with steeper gradient (Figure 4a). This indicates that
the northeast extension of the basement complex
(foreland spur) plunges sharply near to the area where
the Bomdila Fault meets the Belt of Schuppen as in-
ferred by Nandy [2001]. Increase in gravity value,
steep gradient and flexure of the contours near the

northern end of the Bomdila Fault may be due to a
deep seated fault located south of the Himalayan
Frontal Thrust [Nandy, 2001]. This may also suggest
the extension of the Bomdila Fault up to the basement.
Small local partial closures to the west of Bokakhat
may indicate local sag in the basement. This area is a
part of the Kaziranga National Park. Low gravity value
over this area is due to the presence of thick alluvial
deposits, which progressively become thinner towards
NW and SE of the Bomdila Fault. It is observed that
the trend and the gradient of the gravity contours fol-
low the trend of the Bomdila Fault. The gravity profiles
(AA΄, BB΄ and CC΄), in Figure 4a across the Bomdila
Fault indicate higher gravity value along the Bomdila
Fault than in the Kopili Fault indicating lesser sedi-
ment thickness in this area. But profile lines DD΄, EE΄,
FF΄, GG΄, HH΄ and II΄ (Figure 4a) indicate lower grav-
ity values in the Bomdila Fault than in Kopili Fault
which indicates that the sediment thickness increases
towards south along the Bomdila Fault. From Nahar-
bari towards Golaghat and beyond, the value of grav-
ity decreases indicating presence of thick sediment
thickness around Golaghat. 

4.3 MAGNETIC STUDY:
4.3.1 MAGNETIC ANOMALY IN AND AROUND KOPILI

FAULT:
The values of the magnetic anomaly map along the

Kopili Fault range from -80nT to +90 nT (Figure 4b).
From the MCT along the Kopili Fault, the magnetic
value change from a positive value of +50 nT, reaching
a very high value of +80 nT near Raha to a negative
value of -80 nT at the southeastern end of the fault (Fig-
ure 4b). The value rises again in the Belt of Scuppen in-
dicating highly susceptible material underlying the
places where we find high magnetic anomalies. From
the profiles AA΄, BB΄, CC΄, DD΄, EE΄, FF΄, GG΄, HH΄ and
II΄ drawn across the Kopili Fault it is seen that from
MCT up to Raha shown by profiles AA΄, BB΄, CC΄ and
DD΄, the magnetic value is positive indicating shallower
basement. On the other hand the profiles EE΄, FF΄, GG΄
and HH΄ show lower magnetic value indicating deeper
basement.

4.3.2 MAGNETIC ANOMALY IN AND AROUND
BOMDILA FAULT:

The anomaly contour map of the Bomdila Fault area
show magnetic value from -80 nT to +90 nT (Figure 4b).
We observe magnetic high to the east of the Bomdila
fault and to the west of the Kopili fault along Bramha-
putra flood plain while magnetic low is observed near
Diyungmukh. Mixed magnetic anomaly prevails within
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the region encompassed by both the faults right from
Naharbari to Dimapur and Bokakhat to Raha. This trend
clearly indicates the presence of the NW-SE Bomdila
Fault. The presence of the positive and negative anoma-
lies on either side of the Bomdila Fault along with the
trend of the magnetic contours indicates large crustal
heterogeneities in the area. Profile lines AA΄, BB΄, CC΄,
DD΄, EE΄, FF΄, GG΄, HH΄ and II΄ in Figure 4b drawn
across the Bomdila Fault show that the fault from MCT
to MBT (profiles AA΄, BB΄ and CC΄) has lower magnetic
values indicating greater sediment thickness. From MBT
towards the Belt of Schuppen, positive magnetic value
is observed all along the Bomdila Fault indicating the
presence of susceptive materials and basement at shal-
lower depth.  

The average elevation along the profile CD, the seis-

micity depth section plot, gravity and magnetic anoma-
lies are combined to develop a model of the structure
underneath (Figure 5). The computed gravity anomaly
in Shillong Plateau is comparatively higher than Mikir
Plateau. This leads us to infer that Moho is located at
shallower depth in Shillong Plateau and at deeper depth
in Mikir Plateau respectively. This contrast is reflected
prominently in magnetic anomaly throughout the pro-
file where (FF΄ and GG΄) we observe lower magnetic
anomaly. Considering the relationship between the
gravity, magnetic and seismicity, the higher gravity
anomaly is due to presence of high density contrast. The
occurrence of less seismicity confirms as well the pres-
ence of high density and rigid material. It is also as-
sumed that the occurrence of seismicity is restricted to
the upper to lower crustal domain far above Moho.   

4.4 NEOTECTONIC EVIDENCES:

4.4.1 KOPILI FAULT:
The neotectonic activities in and around Kopili fault

are characterized by: i) anomalous linear courses of two
major rivers (Kopili and the Dhansiri (N) Rivers), ii) de-
velopment of large number of low lands in later period
[1971], and iii) development of kinks on existing struc-
tures like MCT and Belt of Schuppen. Such evidence as
illustrated in Figure 6a indicate that the Kopili Fault is
neotectonically active and is responsible for the exist-
ing regional landform and drainage trends in this area.
Moreover, this fault can be traced from the Belt of
Schuppen along the Kopili River and the Dhansiri (N)
River up to the MCT.

4.4.2 BOMDILA FAULT:
Bomdila Fault is a major geological structure across

the Brahmaputra where parts of the courses of the
rivers- the Brahmaputra, Dhansiri (S), Bargang and
many others are aligned along this structure (Figure 6b).
The influence of this structure on the courses of these
rivers has been studied in detail using topographic
maps, satellite data and field evidences. The following
main points: a) an unusually linear course of the lower
part of the Dhansiri (S) River from Golaghat up to
Dhansirimukh, b) the abandonment of the westerly
course of the earlier Dhansiri (S) River (flowing through
Kaziranga) towards the present NW direction by avul-
sion, c) knick bends in the MBT-MCT and Naga Thrust
of Belt of Schuppen, (d) a linear 15 m high topographic
scarp on the left bank of the Dhansiri (S) at Numaligarh
and e) an anomalous SE-NW trending course of the
Brahmaputra from Dhansirimukh up to Hartamuli,
along with the parts of the rivers Buroi and Bargang on
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FIGURE 5. Map showing the topography of the study area (top-
most) along profile CD having the relationship among
a) the average elevation profile, b) the depth view of
the seismicity, c) gravity and d) magnetic profiles
across the Kopili and Bomdila Faults.



the north in the same trend infer the influence of a
fault-type structure. Since all these linear segments of
the rivers align over the NW-SE trending Bomdila Fault,
they suggest the influence of the later on the courses of
these rivers. Moreover, it is believed that the neotec-
tonic activity along this fault might have created the
linear high scarp and abandonment of earlier river
courses. 

5. DISCUSSION AND CONCLUSIONS

The Kopili and Bomdila Faults are two major mor-
photectonic features of Northeast India influencing the
neotectonic activities of the region. Both these faults
are seismically active which is evidenced from occur-
rence of large to moderate magnitude seismic events in
recent past. Interrelationship between these faults with
seismotectonics, gravity, magnetic and topographic pro-
files is well observed in this region. The epicentral map
shows that the Kopili Fault remains highly active to-
wards the northern and the eastern parts while the

Bomdila Fault is active towards the northern and west-
ern parts. Both these faults are characterized by strike-
slip kinematics with Kopili Fault dipping towards NE
direction with an average dip angle of about 75° and
Bomdila Fault dipping towards NNE direction with an
average dip angle of ~50-55°. Intense seismic activity
occurs to a depth of 45±2 km in the Kopili Fault zone
while in the Bomdila Fault zone it is 50±2 km where
large concentrations of earthquakes are observed. How-
ever in Kopili Fault, the activity continues with sharp
increase in depth from north of Brahmaputra towards
north up to MCT and in Bomdila Fault increase in ac-
tivity is observed up to the north. Although MCT is dor-
mant [Ni and Barazangi, 1984], intense activity is
observed at the region where Kopili Fault meets the
MBT and MCT [Nandy, 2001, Kayal et al., 2010, 2012].
This is evidenced by the August 19, 2009 Earthquake
(Mw 5.1) in the Assam Valley that occurred in the cen-
ter of the Kopili Fault zone and the September 21, 2009
strong Bhutan Himalaya Earthquake (Mw 6.3) that oc-
curred at the northern end of the Kopili Fault where it
hits the MCT [Kayal et al., 2012]. The Kopili fault planes
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FIGURE 6. Drainage maps showing the a) anomalous linear courses of Kopili-Dhansiri (N) Rivers along the alignment of the Kopili
Fault, abandoned channels and the bils/swamps and b) anomalous linear courses of the Dhansiri (S)–Bargang Rivers along
the alignment of the Bomdila Fault, abandoned channels and the bils/swamps. The Kopili Fault and Bomdila Fault are in-
dicated on the drainage pattern as red dashed lines.  



show varying orientation dominantly along NNW and
NNE. The P-axes indicates a NNE orientation while the
T-axes are mostly oriented along NW-SE direction. The
Bomdila Fault shows dominant NW-SE trending P-axes
while T-axes are mostly oriented along NNW direction.
It is observed that the entire Kopili and Bomdila Fault
zones are dominated by mostly strike-slip faulting and
is believed to extend transversely below the Himalayas
to the north and the Belt of Schuppen to the south. The
orientation of inferred Bomdila fault plane, typically
average NNW, suggests transverse tectonics which is in
agreement with regional tectonics down to the depth of
bottom of seismogenic zone. The fault planes of both
the Kopili and the Bomdila are characteristics of each
associated focus at that particular depth. Remarkably at
shallower depth near Kopili Fault, the P-axes orienta-
tions of few earthquakes are found to be North-South.
These variations of axes at depths may be due to trans-
verse tectonics with the availability of geological frac-
tures imaged as LVZs which are possibly zones of denser
rocks (Archaen gneiss) under compressional stress in
the region.

The gravity and magnetic values over the entire
Kopili and Bomdila Fault region varies between -110
and +60 mgals and -80 nT to +90 nT respectively. The
curvatures and closures of the gravity and the magnetic
contours along the fault lines indicate some hidden
structures involving basement and indicate the influ-
ence of the faults down to the basement. The sparse dis-
tribution of average normal gravity estimates in the
central part of the Kopili Fault is due to the thick de-
posit of alluvium. Here basement is assumed to be a
north dipping basin with thickest sediments. The grav-
ity profiles across fault indicate low value along the
Kopili Fault. Increase of gravity value to the south of
this fault indicates less overburden of sediment thick-
ness. On the other hand the low gravity value over the
Bomdila Fault area indicates presence of thick alluvial
deposits which progressively become thicker SE of the
fault. The gravity profiles from MCT up to north of Na-
harbari indicate higher gravity value along the Bomdila
Fault than in the Kopili Fault indicating lesser sediment
thickness in this area. From Naharbari towards Golaghat
and beyond (along Bomdila fault), the value of gravity
decreases indicating presence of thick alluvial deposits
around Golaghat.

The magnetic anomaly map shows high magnetic
value near Raha (along Kopili Fault) and Bokakhat
(along Bomdila fault), indicating denser as well as highly
susceptible shallow basement including presence of ul-
trabasic rocks. The broad magnetic closures at the south-
ern end near Diyungmukh (along Kopili Fault) indicate

change in rock composition within the basement. The
magnetic profiles show that from MCT up to Raha the
basement is at shallower depth while from Raha up to
the southeastern part of the fault the basement is deeper.
The Bomdila Fault indicates large crustal heterogeneities.
Profile lines show that the fault from MCT to MBT has
lower magnetic values indicating deep basement. From
MBT towards the Belt of Schuppen, positive magnetic
value is observed all along the Bomdila Fault indicating
presence of highly magnetic susceptibility materials and
basement at shallower depth. Basement being at shal-
lower depth, lower magnetic values indicate presence of
thick alluvial deposits. 

The neotectonic activities in and around Kopili and
Bomdila fault are suggested by anomalous linear courses
of some major rivers, river abandonment by avulsion,
development of large number of low lands in later pe-
riod, topographic scarps and development of kinks on
existing courses and network of river system which sub-
sequently gave rise to some drainage anomalies. 

Thus, the study clearly indicates that both the Kopili
and the Bomdila Faults are tectonically active and their
trend is clearly discernible from the gravity and mag-
netic maps. The neotectonic activity is responsible for
the existing regional landform and drainage trends in
these areas. The indepth study of these faults through
multidisciplinary approach helps us in understanding the
transverse tectonic behavior of these structures. More-
over, these studies might lead to an understanding of the
probable occurrence of any seismic event in the vicinity
of these structures in near future and also contribute to
the seismic hazard assessment of the region. 
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