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Abstract
Tectonic processes are responsible for the formation of different
topographic expressions. During Tertiary, such series of tectonic
activities formed the Mizoram Fold Belt region where Aizawl
is situated. The study area is gone through adverse effects of
landslides, rock fall, slumping and many other natural disasters.
This study aims to demarcate not only some visible or active
landslides but to understand the role of active tectonics and
geological factors in creating vulnerable regions around the
Aizawl city. The morphotectonic parameters and lineament
analysis techniques able to indicate ancient slide zones and
helped us to reveal the controlling factors associated with
dynamic movement history and changing slide patterns.
Morphotectonic parameters are delineated from data products
that are used in the present study are topographic maps, satellite
imageries, Digital Elevation Model (DEM), geological data
collected from field investigation. Different lineament density
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plots (Rose Diagram) were prepared for the total lineaments
delineated. Morphotectonic parameters, viz. Asymmetric Factor
(AF), Transverse Topographic Symmetry Factor (T), Stream
Length gradient index (SL), Basin shape indices (Bs) etc. were
calculated. The parameters inferred that few landslides occurred
because of slope failure but some other due to fault systems and
weak lithologies associated with them and some other event have
human induced causes. Therefore, the study could differentiate
the natural and anthropogenic slide events. Many landslide
events take place regularly in the area that fall under the high
earthquake risk zone. The proper development and planning
system is required for ensuring stability on the vulnerable hilly
undulating landscapes.
Keywords: Aizawl, landslides, lineaments, morphotectonics.
1.

Introduction

The quantitative measurement of an active
tectonic landscape is evaluated from morphotectonic
study. This quantified evidences as well as landform
evaluation, could provide us with basic information
necessary for estimating long-term deformation
(Michail & Chatzipetros, 2013). Tectonic studies are
well related to the development of geomorphic
features, and for this study morphometric analysis is
widely used (Keller & Pinter, 2002). Subsurface
activities due to the plate motion are responsible for
raising mountain and hill ranges in many parts of the
world. Exhumation of hill ranges also causes
disequilibrium in the stability of the rock bodies
underneath. Further active deformation is
compensated by folding and faulting events that
shape the topographic expressions. In fold belt
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regions and fault-generated mountains, studying the
changes in drainage basin morphology could be used
as a valuable tool in tectonically dissimilar active
regions (Bull & McFadden, 1977; Rockwell et al., 1984).
This kind of dissymmetry in the surface and subsurface factors form vulnerable zones which could fail
to withstand for long. Mizoram Fold belt region
formed due to active subduction of Indian plate
beneath Burmese plate. The prolonged tectonic
activity in this region caused Aizawl as one of the
vulnerable cities in the north-east India. The hilly
terrain, torrential rain, geological activities and high
seismic risk make the place susceptible to many
disasters. Development in such hilly terrain depends
on many factors and in recent time human activities
dominate the natural processes which lead to
devastating events. In hill ranges both active tectonics
and denudation processes form the landscape (PérezPeña et al., 2010). In such cases morphotectonic
parameters are useful to study both tectonic activity
and their role in landscape evolutions. Aizawl is
situated in an anticline (Figure 1) formed as a result
of tectonic activities, subjected to folding and faulting
(Nandy et al., 1983). The lithological variations in the
area is due unique tectonic setting and different rock
associations. Main lithounits of the Bhuban
Formations comprises of different proportions of
sandstone-siltstone-shale and their association (Tiwari
& Kachhara, 2003). One of the major hindrance for the
development of the city is landslides that occurred
due to high precipitation, complex geology and active
tectonics. North and north-west of Aizawl city is found
to be most vulnerable due these landslides and
21
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therefore in the study is focused in this area which
fall under Sairang River basin. The strategically
important basin comprises many densely populated
localities and interconnecting roads, provide an
opportunity to study the role of natural and
anthropogenic factors in landslide events. National
and state highways were constructed across Sairang
basin that connects the state capital to other districts
and to the mainland. The road connecting Aizawl to
the Lengpui airport also passes through the study
area. This airport road holds highest traffic in the
region and is suffered frequent landslides in Hunthar
Veng and Rangvamual localities along with other
adjoining areas. The Sairang is going to be an
important railway hub in the state after Bairabi, which
make this area more important. The downstream
sections of the river are now suffered frequent flood
events which are supposed to be the effects of the
landslides in the upper ridges. Most of the landslides
were related to slope stabilities factors. In this study,
the morphotectonic indicators represent as a precursor
for landslide studies. The parameters of Sairang Lui
(river) basin is calculated and their relationship with
landslides is obtained in this study as most of the
slides were related to this basin. Sairang basin has 50
km2 total watershed comprises of many sub-order
basins. The morphometric parameters along with
ancient and active landslides were used to understand
the natural processes which initiate such hazards and
to find the role of human activities in worsening it
towards more severe disaster.
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Figure 1: Different features of Sairang River basin
encircled by its basin divide (white solid line), along
with its tilting pattern and range of asymmetry shown
by different colour arrows

2.

Geology and Tectonics

The evolution of the Indo-Burmese Orogen is the
result of continuous subduction of NE transverse
Indian plate during Late Cretaceous. The Surma
Group of Mizoram were deposited along the margin
of Indo-Burmese arc as a result of collision between
Indian and Burmese plate. The upliftment of the IndoBurmese Ranges started in Late Oligocene during the
continuous subduction event of Indian plate beneath
Burmese plate, which also give rise to the Miocene
Surma basin. Barail deposits were later thrusted over
the Surma Group of rocks (Dasgupta, 1984). On
western part of this basin is characterized by molasse
facies, represented by Tipam Formation. In Surma
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Basin, the rocks are folded in series mostly oriented
N-S direction. The fold belt forms a convex arc towards
west and is comparatively wider in the central part
than the southern part and complexity is also
increasing towards the margin orogen. The Surma
Group is well exposed in Aizawl. Total thickness of
about 5000 meter is recorded and is subdivided into
Bhuban and Bokabil Formations. The Bhuban
Formation is further subdivided into Lower, Middle
and Upper units on the basis of its lithological
characteristics. The entire sedimentary column of the
Bhuban Formation is a repetitive succession of
arenaceous and argillaceous rocks. The main
lithologies exposed are sandstone, siltstone, shale,
mud st o n e an d t h e ir asso ciat io n in v ar io us
pr o po r t io ns and fe w po c k e t s o f lime st o n e ,
ca l ca r e o us sand st o n e an d in t r a- fo r m at io nal
conglomerate (Tiwari & Kachhara, 2003). The area
is transected by many fault systems associated with
plate movement of Indian plate, that is subducting
underneath the Burmese plate, slipping down along
the megathrust (?) forming the accretionary prism.
Major fault systems (Figure 2) viz. Kaladan Fault,
Gaumti Fault, Churachandrapur Mao Fault, Kabaw
Fault and most important Mat Fault that passes
through the study area have direct control over
g e o lo g i c am big u it ie s t h at a r e r e co r de d in
mo r pho t e ct o nic st ud y an d d u r ing fie ld
investigations.
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Figure 2: Regional tectonic settings of the in and around
IBR, the box showing the study area

Sairang river basin show characteristic of both
Upper and Middle Bhuban lithounits as most of the
central and south-western part of the basin are comprise
of Upper Bhuban rock units and the eastern part, mostly
the water-divide area encircled the Middle Bhuban
rocks. The main lithology included sandstone, shale and
mudstone with alternating sequence of these
associations. The sandstones are generally grey
coloured fine to medium grained often associated with
shale clasts. Shales are also commonly associated with
sand lenses. Rocks are folded, faulted in certain places.
Structural complexities are more prominent towards the
eastern and southern part as the area is dissected by Mat
fault. Beds are showing gentle (5°) to high angle (86°)
dips and plunging towards the north.
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3.

Methodologies

Streams, watersheds, lineaments marked using
both Survey of India (SOI) toposheets and 30 meter
ASTER GDEM georeferenced in Global Mapper v.18
software. Different morphometric parameters are
calculated for the basins, sub-basins.
3.1 Morphometric Parameters
Drainage Basin Asymmetry or Asymmetric
Factor (AF) are calculated for each basin to determine
tectonic deformation or tilting of the area (Keller &
Pinter, 2002). The absolute value of the asymmetry
factor was calculated using formula: |AF| = |50[100(Ar/At)]|; where Ar = Area only right trunk of
the str eam and At = Tot al area. Transve rse
Topographic Symmetry Factor (T) is calculated from
the equation T=Da/Dd, where Da represents the
distance from the midline of the drainage basin to
that of the meander, and Dd is the distance from the
basin midline to the basin divide (Cox, 1994). The
Stream Length-Gradient Index (SL) is calculated
using the formula: SL=(ÄH/ÄL)L, where L is the
total channel length from midpoint where the index
is calculated upto to the highest point on the cannel
towards upstream, and ÄH/ÄL is the channel slope
on that part of the channel (Azor et al., 2002; Hack,
1973; Keller & Pinter, 2002). The SL values plotted
against the stream profile for each basin to point out
the anomalous zones. Basin shape index is calculated
using the formula Bs=Bl/Bw, where Bl is the length
of a basin, and Bw is the width of a basin (Bull &
McFadden, 1977; Ramirez-Herrera, 1998). The
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lineaments are marked using SOI toposheets having
scale 1:50,000 and also extracted from DEM. Rose
diagram had been prepared using Rozetta software
where bearing values of these lineaments are used.
All these parameters were illustrated in different
figures.
3.2 Landslide recognition
The contour patterns and their distributions
used to recognize landslides. Contour pattern
study is considered here to identify hidden old
landslides that are not active at this moment.
Important recognizing criteria is the topographic
expression of slope failure that include divergent
contours along a slope fall line with headward
cutting upslope (Figure 3), along the same fall lines
deposited material form reverse contour pattern
downslope (Rogers & Chung, 2016). Reactivation of
a slide tends to produce multiple debris lobes,
which tend to become increasingly dissected with
successive movements. In such cases, ancient slides
show more crenulated the flow lobe contours,
offering excellent textural identification, depending
on the contour interval and resolution of the
imageries. The ancient and active landslides are
identified based on the methods of contour pattern
study (Rogers & Chung, 2016, 2017). They were
mar k e d in m ap. The ‘ fiv e -co nt o u r r u le ’ is
maintained of the slides (Wills & McCrink, 2002).
Different colours were given for different landslides
within same region to know the activeness and ancient
landslides.
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Figure 3: Block diagram showing varies in contour
patterns around landslide, modified after Rogers and
Chung, 2016 and the contour patterns of some
landslides in the study area.

3.3 Geological Mapping
The bed attitudes, lithological variations, regional
structures recorded during the field study were used to
produce the detail geologic map of the area. Profile
sections for two active landslides in the area were also
prepared.
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4.

Results and Discussions

4.1 Morphotectonic Analysis
The AF, T values (Table 1) indicate that the basins
were tilted, highly asymmetrical, fall in |AF| range IV
and are subjected to active tectonics. Sairang basin and
most of its sub-basins are tilted towards west-southwest
and rests are deformed towards east-northeast (Figure
1). Few sub-basins were least tilted and near symmetrical
(range I) are associated to weaker rock types in the central
part of the main basin. The Bs values also indicate that
the basins are elongated to semi-elongated inferring
active tectonics. The SL values vs. stream profile (Figure
4) were used to identify the anomalous SL points and
were plotted in the map (Figure 1 and 5).
Table 1: Morphometric parameters of Sairng Basin and
its sub order-basins
Basins based on
stream order
5th Order
4th Part 1
3rd Part 1
3rd Part 2
3rd Part 3
3rd Part 4
3rd Part 5
3rd Part 6
4th Part 2
3rd Part 1
3rd Part 2
3rd Part 3
3rd Part 4

|AF|

T

Bs

Tilting

Basin shape

19.143
5.379
4.557
15.983
13.679
4.976
15.332
4.098
2.033
24.98
29.907
11.039
6.604

0.323
0.451
0.276
0.185
0.412
0.559
0.331
0.106
0.376
0.227
0.295
0.109
0.209

0.968
1.589
1.612
1.29
2.334
1.3
0.898
0.998
1.299
1.085
0.822
1.277
1.114

SW
NW
SW
SW
SW
W
NW
NE
SW
NW
NW
SW
W

Semi-elongated
Elongated
Elongated
Elongated
Elongated
Semi-elongated
Semi-elongated
Semi-elongated
Elongated
Elongated
Semi-elongated
Elongated
Elongated
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Anomalous zones are plotted in the Lineament map
(Figure 3). The anomalous zones occurred parallely and
even laid upon the lineaments. They were appeared to
be clustered either on high elevated south-southeast
basin margin or towards western part. The lineament
density distribution plot (inside Figure 3b) showing
north-northwest trend which is similar to the regional
lineament trend and infer tectonic control in the study
area.
Figure 4: River profile (red line) vs SL index values (blue
line), plot along the channel length. The anomalous
SL points are shown by the red circles and marked in
different maps

4.2 Controlling factors of Landslides
The marked landslides are shown in different
colour polygons (Figure 5b and 5d). The green zones
indicate landslides having greater failure surface.
The blue zones were susceptible to landslides
although no field evidences had confirmed their
pr esence. In some places cree ping hav e be en
identified and is included in the blue zone. The red
zones are most vulnerable as they are very much
act ive at prese nt confirmed by both sat ellite
imageries and field evidences. The latter two might
be associated to a greater and older slide zone. Slope
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Gradient (Figure 5) and Slope Direction shader
(Figure 6) DEM image indicate that the topographic
slopes should not be the only factor for such
landslides. Steeper topographic slopes in Slope
Gradient DEM image showing as red patches indicate
the zones where the slope is higher than 40°.
Underlying weak and weathered litho-units, jointed
rocks and loose soils pauses unstable conditions in
this high slope gradient. In addition to it, Slope
Direction shader indicates the slope surfaces are
facing north-easterly and south-westerly dipping.
The relationship among landslides, slope gradient
and slope direction is not clear from the above
findings as some landslides do not show any relation
with the slope and this might be related to the
anthropogenic causes occurred in the area. Although
many anomalous points were found to be lied in
these zones which indicate the landslides are
generated or triggered by natural causes. The
anthropogenic activities in the area enhance the
sliding frequency and economic loss by toe cutting
of the slopes, road and building construction and
inappropriate drainage network.
5.

Geological overview

The study area was grouped into many
lithological associations as there is no clear
lithological boundaries within them. Based on the
dominant rock type with other minor rock types,
associations were done. The anticlinal nature,
distribution of rock associations, strike-dip of the
beds, fault systems present are clearly observable in
the geological map (Figure 6b). The detail field study
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of Rangvamual Landslide and Hunthar Veng
landslides showing different relationships of the slide
surface with topographic slope and lithological
associations. The sliding occurred in Rangvamual
Landslide, in airport road where rock beds were
comparatively safer position as sandstone dominating
beds were dipping inside the hills experiencing
landslides. This is one of the large active slide zone
present in the area. This shattered area is formed due
to present of Mat fault zone and weak litho-association
of sandstone-siltstone with shale. The presence of Mat
Fault and road cutting in this active landslide zone
induce slides during monsoon. Hunthar Veng
landslide area has shale-siltstone dominating weak
rock associations along with vulnerable dipping beds.
Road cutting and construction of buildings make the
slope steeper. This is the reason there are continuous
sliding events occurring in the area.
Figure 5: Lineaments (blue lines), anomalous SL points
(red dots), landslides (green, blue and red polygons)
observed in Sairang basin demarcated in Slope
Gradient DEM. The image show gentle to steeper
topographic zones (yellow to orange-red) and
landslides were marked only in b and d image of the
same DEM area. The light direction altitude and
azimuth adjusted to enlighten the shadow areas. a), c)
at 45 degree of altitude and azimuth whereas b), d)
azimuth is adjusted to 225 degree. Inside image a) and
c) lineament density distribution is shown (blue bars).
Sairang River basin is marked by white line
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Figure 6: Slope direction shader DEM image showing a) lineaments (blue lines), SL anomalous points (red dots) and landslide zones (polygons), and b) same image with geological
map incorporated. The angle of slope direction marked with
north as 0deg. Colour variations are given for 360 degree.
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6.

Conclusions

Aizawl is susceptible to many landslides described
above can achieve sustainable development by
considering the factors which were not dealt properly.
In the study area, most of the asymmetric elongated
basins were subjected to active tectonics and the stress
field is acting along N-NW. The anomalous zones and
lineaments indicate that the regional stress changing the
topographic expression, and both can be correlated with
the landslide studies very effectively. The topographic
slope gradient and direction have role in some of the
demarcated ancient-and-active slide zones, but other
geologic factors control many landslides where the beds
were supposed to be less unstable. They showed a
relationship with high topographic slope gradient
(Figure 5), geological controls (Figure 6b), and all
together with landslide zones. The anomalous points
encircling the high elevated south-eastern basin margin,
associated with high topographic gradient, weaker
lithologic conditions infer direct relationship between
morphotectonics with landslide prone zones. Other cases
like in Rangvamual locality where few landslide zones
were recognized morphotectonic parameters show
comparatively less unstable conditions with smaller
active slide surface experiencing continuous sliding
events. The other slides where anomalous
morphotectonic behaviours not observed, effects of
human disturbances are ascertained. This is supported
by man-made lineaments (roads, straight open poorly
constructed drains) traced in maps along the slide zones
and were verified by field evidences. Natural and
human-induced landslide go hand-in-hand, and by the
above results it is found that the areas near active tectonic
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are more vulnerable to natural landslides (e.g. Hlimen
Landslide, 1990); although human activities can cause
catastrophic events as found to occur in Hunthar Veng
(2017) and Rangvamual (2013). The Aizawl landslides
were naturally controlled although anthropogenic
causes make them an unavoidable disaster.
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