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Abstract
The Indo-Burmese Ranges (IBR) marks as the boundary between the rigid Burmese Plate and the north-easterly moving, obliquely
converging Indian plate. This results in upliftment of Mizoram fold belt alongside of IBR, in the eastern most part of the Indian subcontinent. NS
trending fault generated fold belt appears around the region due to the NE stress component from Indian plate movement. There are many linear
tectonic features formed due to this process. On the eastern margin of the fold belt in the greater elevated part of IBR, EeW and NWeSE
lineament patterns intersect the NS lineaments, and deformed the ridges obliquely to create complex geotectonic settings. In this study, a
pristine attempt has been made to understand the geodynamic evolutionary mechanisms for the area to reveal the cause for such surficial
convolutions. The arcuate subduction zone along the IBR causes the slab to flex and bend at depth. This relates to differential dipping of the slab
and the greater dip surface occurred beneath the study area. The easterly dipping slab can accommodate great amount of sediments and therefore
the region having maximum dip upholds the highest Tertiary sediment thickness, above the basement. Champhai district of Mizoram, India had
been considered for this study as it has in the zone of convergence with highest slab dip underneath. The surface exposures have sufficient
neotectonic evidences which inferred the signs from Early Pleistocene neotectonic to present active tectonic deformational history. Sequential
offset of the antecedent rivers carries the signatures of the varying stress component within them. The geodynamic processes produce some
tectonic features through the mode of earthquake generation. Epicentral plots and focal mechanism solutions for the area indicate seismic
activity associated with the thrust and oblique strike-slip movement along with their correlation for the lineament distribution. The evolutionary
model indicates syn-tectonic upliftment of the study area along with evolving IBR during Late Oligocene thrusting events. A Paleo-lake adjacent
to the Champhai town is believed to be the source of some northerly flowing rivers that was located on the ridge. Late Pleistocene seismic events
produce some contractional strike-slip faults that later transformed to oblique slip component that shaped the area. This study is also important
for understanding the earthquake events and related deformation pattern in IBR. This also might be used to locate potential geohazard sites for
safer construction as well as to understand the petroleum migration pathways.
Copyright © 2018, Guangzhou Institute of Geochemistry. Production and hosting by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The voyage of Indian plate ends up when it collided with the
Eurasian plate during Eocene in the North and later with Bur-
mese plate, which is an elongated tectonic block bounded by
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Sagaing fault, in the east (Curray et al., 1979). The later event is
still believed to be active and results in evolution of folded Indo-
Burmese Ranges (IBR) in the eastern margin of the Indian
subcontinent. The subduction of Indian plate has been studied by
means of seismic, geodetic and GPS methods, from where this
process was regarded as active (Verma et al., 1976; Chandra,
1975; Mukhopadhyay and Dasgupta, 1988; Satyabala, 1998;
Dasgupta et al., 2003; Copley and McKenzie, 2007; Steckler
et al., 2008; Kumar et al., 2015), slow (Le Dain et al., 1984; Ni
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et al., 1989; Chen and Molnar, 1990) or inactive (Rao and
Kumar, 1999; Gahalaut et al., 2013). In this arcuate plate
boundary, the fold belt continues south ward from low hills of
westernMyanmar near 25+N throughNagaHills to broad ranges
near 16+N, and then transitioning into Sumatra-Andaman
oceanic subduction zone (Wang et al., 2014; Kumar et al.,
2015; Steckler et al., 2016). The upliftment rate of IBR is var-
ied depending on the distance from the plate boundary and po-
sition in the arcuate belt. This is caused by the differential stress
component associated with the Indian plate motion from Late
Eocene. In its course, the cold subducting part of Indian plate is
flexed paralleling to the IBR results in buckling of the slab at
depth. This process generates intraplate stresses that cause
seismic events. The subducted plate shows maximum dip be-
tween 23+N and 25+N latitudes which fall aroundMizoram Fold
belt region in easternmost part of India (Kumar et al., 2015). The
fault-propagating folded hills of IBR comprising Oligocene and
Miocene rocks, are also transected by strike-slip faults that are
shaping the deformed NS trending hill ranges (Ghosh et al.,
2016). In such complex setting to understand topographic
expression of the tectonic features, seismicity and therefore
revealing the proper sub-surface deformational pattern with
respect to the subduction is very important.

Lineament patterns are the best tool that can be utilized for
producing enough evidences of deformation from the topo-
graphic variations with local and regional context. Regional
stress component gets sequentially embedded in the lithounits
either as shear deformation or associated with fractural fea-
tures by brittle offsets. Compressional stress caused upliftment
of this fold belt and other faulting events had caused offsets of
the beds to accommodate the differential motion among the
blocks. This is the fact which acts as a rule of similar linea-
ment patterns associated with stress components that work as
topographic modifier. In this study the origin of the research
problem is based on the change in orientation of local linea-
ments that were varied from the regional patterns in the study
area. Moreover, the newly formed lineaments were super-
imposed over the older lineaments and therefore the rock beds
also show different attitudes rather than regional orientation.
Nonetheless this infers the presence of active tectonics in the
region which can be verified by both geomorphic markers
(river offsets, pull-apart basin etc.) and seismotectonics study
(epicentral plot, focal plane mechanism etc.).

In the eastern most Champhai district of Mizoram state
which fall under IBR, we found such distinct localized line-
ament variation bounded by active tectonic features. There-
fore, the morpho-dynamic evolution in the eastern edge of
Mizoram Fold belt near IndiaeMyanmar international border
has been studied in this present context. The differential
upliftment results in greater elevated Champhai plateau rather
than western outer edges of the hill range, even though sub-
ducting Indian slab is dipping towards east. The basement is
around 16 km beneath Champhai, which is greater than the
estimated average depth of 12 km for Mizoram (Ghosh and
Dasgupta, 2013).

The study area comprises Tertiary sedimentary rocks where
the Barail Group of rocks thrusted over the Bhuban Formation
rocks of Surma Group (Nandy et al., 1983). The argillaceous
facies are easily erodible compare to the arenaceous facies in
the area (Fig. 1). The evolution of fold belt along with syn-
tectonic thrusting events and the later generation strike-slip
faults with few small scale normal faults are inferred in the
satellite imagery that were also observed during extensive field
investigations. These surface expressions are clear indication
of the Neo-tectonic and active tectonic processes. To identify
the extent of these features digital elevation model (30 m) had
been used. Lineament study and their correlation with geology
of the area can provide important information about the stress
component, major and minor fault systems and crustal activ-
ities. They are also relevant with subsurface fractures which
can be the potential migration conduits for the hydrocarbon
believed to be present in the Oligocene-Miocene source rocks
or even the Eocene shales present in the subsurface under the
study area (Ghosh and Dasgupta, 2013). The lineament study
is also important for the possible hydro-power and civil en-
gineering constructions (Olgen, 2004). For lineament analysis
manual technique is followed as it provides greater control,
and allows to choose the scale for analyzing the data (Ramli
et al., 2010; Caran et al., 1982). Lineament density analysis
is done by producing lineament map showing concentrations
of the lineaments over the area. Intersection of the lineaments
of different generations are observed, as they produce criss-
cross patterns. Many rivers, streams follow these major
(> 3 km in length) and minor (< 3 km) lineaments as they
preserve and transform depending on the deformational events
(Burbank and Anderson, 2012; Yeats et al., 1997). Strike-slip
faults have a different geomorphic expression than thrust and
normal faults; combination of these deformational forces can
create somehow oblique distortion of crustal blocks. These
kinematic changes can be quantified by measuring the offset of
the major antecedent rivers.

In this study these neotectonic events have been analysed
by following the methods of Wang et al. (2014). Tectonic
features that are exposed in the surface or their presence
identified in geomorphic ambiguities are results of seismo-
tectonics interacting in the plate boundary systems. In this
paper, we aim to find out the actual relationship between
crustal and plate boundary deformational settings, that
imposed the morpho-dynamic evolution of this part of the
IBR; as evident by variation in orientation of lineaments.
This result also enhances our understanding of the active
tectonics in the region which can be further analysed to
predict the future large earthquakes. To understand this stress
model the results of lineament study and neotectonic signa-
tures are correlated with earthquake focal mechanisms of the
region and for the study area, and then compile the results
into a holistic framework. We used the data from Incorpo-
rated Research Institutions in Seismology (IRIS) and the
Global Centroid-Moment-Tensor (CMT) project as they are
easily available and can provide information from different
stations which enhance the accuracy of the study. The
earthquake events in the region are mostly associated with the
subducting slab slipping along the megathrust and upper plate
structures, which absorb some of the India-Sunda plate



Fig. 1. Regional geological map around Champhai (modified after Bhaduri (2011); Morley and Searle (2017)).
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motion (Nielsen et al., 2004; Socquet et al., 2006). The rest
of the accumulating stress are released as oblique strike-slip
motion as observed in the study area. The eastward dipping
of the slab also confirms from the decreasing values of
regional gravity anomalies from east to west inferring the
variations in basement depth for the region (Nettleton, 1971).
This entire slab is seismogenic and if the blind megathrust is
failed at once it can produce an earthquake of a magnitude in
the range Mw 8.6 to 8.9 (Blaser et al., 2010). The scarcity of
published geologic, seismic and geodetic information of this
part of IBR limits this pristine effort to some extent. None-
theless, the regional GPS data across IBR has been studied to
understand the Principle Displacement Zone (PDZ) with
respect to the NE stress component due to Indian Plate mo-
tion. Recent geodetic studies reveal westward movement of
the IBR about 14 mm/yr relative to the Indian plate (Gahalaut
et al., 2013; Steckler et al., 2013). This slab section sub-
ducting with maximum dip at depth steered by the Indian
plate motion although around upper crustal region westward
stress component deforming with oblique slip movement due
to different faulting mechanisms associated with them.

2. Regional tectonic settings

Evolution of IBR took place during the Oligocene time due
to the convergence and oblique subduction of the Indian plate
beneath the Burmese plate, with an eastward dipping slab is
still seismogenic that could be extended down to 160 km
(Brunnschweiler, 1966; Copley and McKenzie, 2007). Sub-
ducting slab is deformed by along the arc compression and
downdip extension as result of slab pull forces and buckling at
depth (Kumar et al., 2015). The characteristics of northern
IBR is quite different from its southern part as the convergence
changes from continental to oceanic subduction; with gradual
Fig. 2. Regional tectonic setting which have the influence on the study
transition observed in the central part. This part of IBR holds
signatures of both the regions and has its own unique tectonic
and geologic settings (Fig. 2). The area is bounded by many
active fault systems, among which Dauki Fault and Naga
Thrust is present in north and Gumti Fault in north-west re-
gion; Kaladan Fault, Chittagong Coastal Fault in the west and
Kabaw-Sagaing Fault system in the east. In the IBR region,
Churachandpur-Mao Fault (CMF) is another important aseis-
mic strike-slip fault, that has not been associated with any
historical rupture events (Szeliga et al., 2010); although can
trigger minor to moderate earthquakes (Lienkaemper et al.,
1991). The fault has resulted from the differential motion
occurred due to confrontation between westward motion of the
IBR and uplifting Shillong block. The eastward dipping
Kabaw Fault has potential to generate Mw 8.4 earthquake if it
were to fail all at once. Although this could only happen once
in a millennium as the slip rate is only few mm/yr (Socquet
et al., 2006; Steckler et al., 2008). Naga thrust is capable of
producing an Mw 8.5 to 8.7 earthquake and the right-lateral
Sagaing fault can trigger the maximum magnitudes of Mw 7
to 8 earthquakes (Wang et al., 2014). Northern IBR experi-
ences less number of moderate to strong earthquakes as the
active subduction has been seized beneath the Naga Hills
(Steckler et al., 2008). Apart from these active faults the blind
megathrust could produce strong earthquake if it fails all at
once. This is also a possible scenario along with rupture of two
to three faults as some historical incidents like 1964 Alaskan
earthquake (Plafker, 1965) and the 1762 Arakan earthquake
(Wang et al., 2013) strongly supports the facts.

The Tertiary sediments were deposited in the basin devel-
oped during plate convergence are uplifted due to folding and
thrusting events. The development of IBR along with Mizoram
Fold belt began in the Late Cretaceous (Nandy et al., 1983).
The basement under the Mizoram area is believed to comprises
area; modified after Bhaduri (2011) & Morley and Searle (2017).



Fig. 3. Indian plate subduction process across IBR and associated focal mechanisms; modified after Searle et al. (2017).
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Precambrian/Cambrian continental terrain as well as Creta-
ceous ophiolites (Fig. 3), which were set during the closure of
the Tethys Ocean in the Late Cretaceous to Early Tertiary
(Ghosh et al., 2016). The Cretaceous are unconformably
overlain by Disang Group of Eocene-Paleocene age. During
Late Eocene to Oligocene age, sediments of Laisong, Jenam
and Renji Formations are deposited, together which comprises
the Barail Group of rocks. The Miocene Surma sediments were
deposited as Upper, Middle and Lower Bhuban adjacent to the
uplifting IBR; along with Bokabil Formation in western margin
during later phases in time. Further compression and upliftment
of the area form a series of NS trending tight elongated fault-
propagated folds, that are transected by later generation strike-
slip faults.

3. Results and discussion

Lineament analysis is the first method towards discussing
the tectonic control in any region. The lineament map for the
area was produced from the manual extraction of the macro
and micro lineaments. The density distribution (Fig. 4C) of the
lineaments shows gridle shape in the quadrangle from 23+22'
to 23+42'N in latitudes and 93+10' to 93+25'E in longitudes.
The Rose diagram produced from the lineaments bearing,
normalized for the major stress direction from the plate
movements for the sake of illustration (Fig. 4A), indicate three
sets of major trends, viz. NNE-SSW, NWeSE and EeW. The
most of the lineaments show NWeSE and EeW trend. The
lineaments were found to be aligned with NEeSWor NWeSE
and associated with two NS thrusts that bound the Champhai
block. Within this block, most of the macro and micro linea-
ments were associated with the WNW-ESE fault trend. On the
basis of magnitude of the lineaments however the macro lin-
eaments interpreted due to faulting whereas the micro linea-
ments are controlled by joints, minor faults or due to lithologic
control in the region. Of the total lineaments delineated
37.96% are macro lineaments and 62.04% are micro
lineaments; which further strengthen the fact of active tectonic
deformations in the area. In Champhai plateau few antecedent
rivers were observed in the satellite images and in DEM that
are flowing through such features. Some interesting observa-
tions have been made during the analysis of the neotectonic
signatures. One of them is that many streams and rivers like
Tuipui, Tuichang and Tuivawl were flowing northwards before
they follow the NW strike-slip faults to take the outer valleys
around the block; and then deflected towards southwards
regional stream flow-direction. The northward stream migra-
tion has been related to the Paleo-Lake near Champhai which
feed the streams on its northern margin (Fig. 5). Champhai is
supposed to be formed due to the faulting splay mechanism
related with the NS thrusts. The evolution of the plateau and
its associated lake which dried out in subsequent time period is
also result of complex structural kinematics between exhu-
mation and pull-apart basin formation. The detail mechanisms
of these events are beyond the scope of the study and dealt
with a different article by the authors. The oblique slip motion
of the block along the inferred fault lines was observed as
Tyao and Tuipui Rivers changes their course in a unique
meander pattern and around the same Latitude (Fig. 6 &
Fig. 7). The similar meandering was also observed for other
two rivers situated in the western part of the block. Minute
calculation for these offset meanders indicate that a NWeSE
lineament which could be inferred as a later generation
strike slip fault, possibly displaced the stretch of the block into
an oblique slip motion (Table 1). The majority of these strike-
slip faults are verified from geological investigations for the
area. The ridges are formed due to compressional tectonics
that uplifted the study area. The block was further shaped by
dextral strike-slip faults with oblique slip component in a
stress field that is bounded by NS oriented contractional
regime. The simple shear model after (Twiss and Moores,
1992) with dextral slip motion can be used to illustrate the
shear sense of these faults inferred by the morphologic study
(Fig. 4B). Accordingly, NWeSE oriented ridge lines are



Fig. 4. Lineament and epicetral map along with Rose diagram from western, central and eastern part of map (A); Shear Model to illustrate deformational pattern

(B) & Lineament frequency contouring diagram indicating more lineament variation in the central part (C).

Fig. 5. Google Earth Image (Dec' 2017) of the Paleo-Lake (A) & The slope gradient DEM image of the area (B) clearly indicated the presence of a water body once

existed in Champhai block.
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Fig. 6. Offset of antecedent rivers as observed in the satellite images around different section of the area.

Fig. 7. River offset due to oblique motion as observed by variation in displacements along NWeSE around Champhai.
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parallel to PDZ (equivalent to features formed due to ’tension
gash’), NS running rivers and fold belt follow compressional
reverse faults and WNW-ESE oriented streams and ridges
following the macro lineament patterns correspond to the
Riedel (i.e. R shear, first subsidiary fractures to occur, R
generally build the most prominent lineaments) and Antithetic
shears (R’ shear, with sense of displacement opposite to the
primary movement). In accordance with the model, the



Table 1

Summary of age related to faulting process calculated based on the rate of slip and maximum fault offset for Champhai block (*after Gahalaut et al. (2013);

Steckler et al. (2013)).

Fault name Location of the outcrop Possible fault mechanism

involved

Maximum

offset observed

(in km)

Age (in Ma) of fault initiation

based on slip rate*

Latitude Longitude Minimum

(5 mm/yr)

Maximum

(14 mm/yr)

Tualte-Thlikva 23�340 to 23�460 N 93�100 to 93�250 E Contractional dextral

strike slip motion

4.174 0.83 0.30

3.321 0.66 0.24

3.363 0.67 0.24

Tuival-Thiriza 23�530 N 93�030 to 93�060 E EW pure strike-slip 4.639 0.93 0.33

Tuival 24�020 to 24�060 N 92�580 to 93�060 E Splaying of major thrust 11.233 2.25 0.80

Tualte-Thlikva 23�200 to 23�400 N 93�000 to 93�250 E Oblique strike slip motion 7.5 1.50 0.54

Tuipui- Tuichang 23�300 to 23�370 N 93�110 to 93�200 E Oblique thrusting 4.0 0.8 0.29

3.462 0.69 0.25

2.409 0.48 0.17
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lineaments cross-cutting relationship with other features in the
area, are synthetic shears (i.e. the P shear is symmetrically
oriented to the R shear with respect to the fault plane). Such
shearing senses were found to be less in number.

Geological attributes are also evolving in accordance with
the changing structural controls in the area from Late Eocene.
Though the older tectonic features were omitted or had been
modified by the later generation tectonic features. Scarcity of
the detailed research in the area, binds our effort to some
extent as Neotectonic evidences could be modified to record
only the latest deformations. Nonetheless, the results from the
stream offset were correlated with the geologic evidences to
understand the structural control over the area. The geologic
map of the study area (Fig. 8) and particularly the NWeSE
traverse section reveal that NS ridges were the result of
thrusting events and rock beds associated with the anticline-
syncline structures were folded and displaced. The strike of
beds aligns to NS thrust on the western margin of the
Champhai block which changes to NEeSW around 93+06'E in
longitudes. Variations in bed attributes are also have similar
relationship with the lineament pattern for this section. This is
caused by the inferred synthetic faults that locally deforming
the area. Synthetic faults in general are a type of minor faults
whose sense of displacement is similar to the associated major
fault present in the area. Western block margin to Tuipui River
thrust the bedding strike follows roughly NS and NEeSW
orientation, after which oblique strike slip component might
result in transforming the orientation towards NWeSE as
observed from major lineament patterns. Tuipui thrust is
believed to be the lithologic contact between Bhuban and
Barail rocks. The area from Champhai town to Tyao River
thrust (International border) is highly deformed by the two
strike-slip faults outcropped in the section. The field obser-
vation in this part also reveal such events in detail (Fig. 9). The
EW stress component is now resulting in higher order anti-
thetic faults generated due to the rigidity difference in the
lithounits strained by oblique rotational motion.

Stress partitioning due to differential plate motion accu-
mulated in the subsurface results in earthquake generation.
Focal mechanism solutions of earthquakes are useful to un-
derstand the activity and deformational pattern in the
subsurface. The dataset obtained from IRIS and CMT for 40
earthquake incidents were correlated with the lineament
analysis, neotectonic features and fault systems around the
region (Fig. 10). The corresponding epicenters were found to
occur within a quadrangle from 23+00' to 24+10'N in latitude
and 92+55' to 93+35'E in longitude. The earthquake occur-
rences recorded from 1970-onwards and more than 3 magni-
tude data are considered in the present context. The
predominant fault systems observed in the region are reverse,
strike-slip and normal types, although combinations of the
types are more common. The 1st order upliftment processes
was resulted from the NS oriented reverse faulting mechanism
that are subsequently shifted to 2nd order NWeSE oblique
strike-slip component. This is also evident from the distribu-
tion of focal mechanism solutions (Fig. 10). Such a
beacheball distribution suggests that the NS dip-slip reverse
faults, NWeSE dextral strike-slip faults, and probable
NEeSW strike-slip faults which might be associated with
dextral slip motion; are present and their epicenters are
directly associated with the faults and lineaments outcropped
in the area. The slip motions delineated around different sec-
tions of the area are consistent with geological observations.
The strike-slip component is dominating in this part of IBR
which indicate EW extension rather than NEeSW compres-
sion. Earthquakes hypocenters are given from 10 km to
102 km inferring crustal to lithospheric depth (Table 2).
Steckler et al. (2008) mentioned about different mechanisms
associated with different depth ranges (Table 3). Moreover,
they speculated that the detachment surface associated with
Indian plate movement had produced megathrust earthquakes
in the past and is capable of triggering such in the future. The
arc-along convergence results in strain accumulation along the
mega thrust beneath IBR. Although the movements at depth
occur with a different failure mechanism than produce in the
upper section of the plate. This supports the fact that the slip
surface behaves as a transition zone from heterogenous upper
part to comparatively homogenous lithosphere.

The stress component from N20+E motion of Indian plate
along with westward rotational movement of IBR control the
morphology and kinematics of the slip surfaces (Kumar et al.,
2015; Steckler et al., 2016) due to the bending of the Indian



Fig. 8. Geological map of the traverse section across the study area.
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lithosphere. The rotational movement causes a swirling effect
around the region, results in NWeSE maximum stress for the
study area and EeW maximum stress in the western part of
the Fold-belt. CMF accommodate most of this rotational
motion and therefore in the western edge of IBR, the NE stress
component has greater effect (Kumar et al., 2015); whereas the
EW and NWeSE stress field have major role in shaping the
topography of the study area. From the GPS study around the
Indian Fold belt indicate dextral motion of the area with the
rate of displacement of about 18 mm/yr; although 5e14 mm/
yr range has been assigned for the study area (Gahalaut et al.,
2013). This range of displacement rate therefore be taken into
consideration to find out the approximate age of initiation for
studied strike-slip faults (Table 1). This methodology though
has error in computation but is strong enough to delineate the
period of such events (Wang et al., 2014). All the computed
values infer that the second generation of strike-slip domi-
nating deformational stage were initiated from Pleistocene
time. This is most likely to be the result of post slab bending
events that changed the morpho-dynamics of the region.

The earthquake focal solutions and neotectonic evidences
provided sufficient inputs for defining the causative events that
shaped the Champhai plateau. The evolutionary model in-
dicates syn-tectonic upliftment of the study area along with
evolving IBR during Late Oligocene-Miocene thrusting events
(Fig. 11). This results in forming NS ridges that carries some
low-order streams in them. Present Champhai town once had a
lake on it, which might be located along the ridge line that was
bounded by fault systems. Increase in elevation and denuda-
tional processes forced the lake to shrink continuously by the



Fig. 9. The View of Champhai Paleo-Lake (A), Pull apart basin drain by channels (B), Highly dipping beds (C), Fault patterns (view angle S30�W) are similar to

regional faults (D), Present day Rih Dil lake (E) near Zokhawthar (Indo-Burma Border) & Vertical bedding near Rih Dil, Zokhawthar (F).
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sediment deposition from the higher hilly parts. Continuous
sedimentation was resulted in what could be describe as re-
mains or imprints of this Paleo-Lake. The area bounded by
later generation strike-slip faults, provided passage to the
rivers to flow towards east or west till the edge of the block
then they migrates southerly direction to follow the regional
NS trend along the fault surfaces. During Late Pliocene the
neotectonic activities swirled the NS features in clockwise
rotational direction. This EeW stress component slowly
overcomes the NE stress component of Indian plate motion to
deform the features along NWeSE to WNW-ESE principle
displacement zone. The northerly flowing rivers from the
plateau region changed the course along the NW strike-slip
faults. The NEeSW lineaments are the latest deformational
zone and possible future ruptures may take place along this
trend.

4. Conclusions

Champhai plateau is situated around the central IBR, where
the sediment thickness is comparatively greater beneath the
area than the western parts. This is because of greater depth and
slope of the subducting slab in the arcuate subduction zone.
The slab gets flexed and bends more near to this part of the IBR



Fig. 10. Profile section of the study area with hypocentral distribution and few focal mechanism.
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at depth (Fig. 12). This results in greater EW stress component
rather than the stress accumulated due NE Indian Plate motion.
The Champhai crustal block is therefore bounded by two
strike-slip dominating low angle reverse faults, which are
deforming at rate of approximately 14 mm/yr towards NW slip
component. The streams and rivers that follow such fault sys-
tem carries the evolutionary evidences that jolted the uplifting
IBR. The geomorphic features observed in the area include:
alignment of the streams on both sides of the drainage divide;
comparatively straight river segment and associated stream
patterns; offset or deflection of an incised river to some extent
and then going back to previous trend or take another flow
direction. These features are the direct indication of the pres-
ence of fault systems (Cronin et al., 1993; McCalpin, 1996;
Burbank and Anderson, 2012). The offset values from
different segments around the area infer that the neotectonic
activities are completely controlled by tectonic evolution. The
thrusting events from Late Miocene uplifted the Champhai



Table 2

Earthquake events (since 1970) and predominant focal mechanism of the study

area in the quadrangle 23+15' to 23+50'N in Latitude and 93+00' to 93+35'E in

Longitude.

Hypocenter

depth (in km)

No. of events

occurred

Focal

solutions

(Beachball

diagram)

<30 6

30e70 28

>70 6
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block to the present elevation, though denudation processes
erode some part away in course of time. In this study the
neotectonic features reveal that the last phases of NS thrusting
took place during Early Pleistocene age. In later phases the EW
Fig. 11. Evolutionary model

Table 3

Earthquake hypocenter distribution and systematic variation in the focal mechanis

Depth (in km) Associated fault

mechanism

Nodal plan

Shallow (27 to 31) Predominantly thrust Parallel to

subducting

Intermediate (51 to 67) Predominantly strike-slip One plane

and the oth

Deep (76 to 108) Predominantly thrust Strike of th

high angle

the subduc
stress accumulation become more active with clockwise rota-
tional component. This results in many strike-slip faults with
some oblique slip motion. Change in orientation of the mega
thrusts increases the dextral strike-slip movement in the region.
The rate of this movement decreases westward with minimal
oblique slip as in Aizawl (capital of Mizoram state) is moving
with the rate of 10 mm/yr toward Dhaka (Bangladesh) at pre-
sent (Jade et al., 2007). The long term shortening rate of 5 mm/
yr (Maurin and Rangin, 2009) for the Fold belt indicate dif-
ferential motion was caused of the greater elevation of the
Champhai block. The subducting Indian slab can trigger strong
earthquakes and could initiate other crustal faults that are po-
tential geohazards sites. The deep focus earthquakes initiate at
more than 180 km depth are less frequent than shallow ruptures
of greater significance (Engdahl and Villasenor, 2002; Allen
et al., 2009). These events are actually responsible for the
unique neotectonic expressions and could be used in proposing
a geohazard potential zone; road and other engineering con-
structions and can reveal potential petroleum migration paths
of the Champhai Block.

m at different depth beneath IBR (Steckler et al., 2008).

e orientation Important components

the strike of the

Indian plate

slip vectors point in the direction

of ~EeW convergence

oriented NeNE

er towards EeSE.

Occurred within subducted Indian

plate and results from fracturing of the

plate under extensional stresses

e nodal planes are at

to the strike of

ting Indian plate

The nodal planes are oriented perpendicular,

while the slip vectors are sub-parallel,

to the trend of the arc



Fig. 12. Bending of the Indian slab causing the EW stress component around IBR; modified after Webb et al. (2017).
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through minute fractures formed during active deformation in
the area.
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