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Abstract
On July 29–30, 2022, a disastrous rainfall-induced landslide occurred at Tupul in Tamenglong district
Manipur India. The fast-moving debris material from the landslide wiped out the under-construction Tupul
railway station, a part of the Jiribam - Imphal rail project, blocking the �ow of the Ijai River. More than 54
lives were lost which included the Territorial Army soldiers, railway workers, and a few local village
commuters. Upon the analysis of rainfall data acquired from news reports, information about the past
earthquake, lithological characteristics, and presence of faults zones revealed that the landslide resulted
due to the presence of a fault and weak rock formation and triggered due to excessive rainfall in the
region. Using high-resolution satellite images, the material from the landslide blocked the Ijai river
creating a temporary lake creating a threat to downstream villages. This landslide was considered a
tragic incident in the history of the Manipur state due to the area affected and the causality caused.
Moreover, after the landslide, the safety and sustainability of the proposed railway project need to be
studied in detail.

1. Introduction
In India, 12.6% of the total area is affected and prone to landslides (Singh et al, 2019). During 2004–
2016, a total of 10,900 deaths have occurred in India from 829 landslides events (https://www.business-
standard.com) out of which most occurrences of landslide happen in the Himalayas. The Himalayas,
being a tectonically young region having complex geology is prone to landslides that increases
signi�cantly during the monsoon period (Gupta et al, 2018).In India the Himalayas, Western Ghats
constitute a majority of rainfall induced landslides (Ajin et al.,2022). In the Himalayas, the North Eastern
Himalayas are tectonically and seismically very active since they are situated very close of tectonic plate
boundaries, have weak lithology and the complex geological structures. Additionally, these areas receive
high amount of rainfall making it prone to frequent landslides thus falling in high and very landslide
susceptible zones. Due to this several studies have been undertaken in these areas (Anbalagan et al.,
2015). Especially in Manipur, studies have been carried out to identify the probable zones of a landslide
along National Highway (NH) − 37 and NH-39 (Balamurugan et al., 2016; Chanu and Bakimchandra
2022).

However, this year in May and June Manipur received the highest average rainfall since 2013. This
unusual rainfall in the region triggered various small and large. One such devastating landslide occurred
on June 30th 2022 in the Tupul area causing loss of lives and affecting the economy severely. The Tupul
landslide was a tragic incident event that took the lives of 54 soldiers and railway workers. The fast-
moving debris completely buried the under-construction Tupul railway station. This landslide is probably
one of the most devastating events ever occurred in Manipur’s history. Thus, this article presents the
characteristics of this landslide and factors involved in triggering this massive landslide.

2. Landslide Characteristics
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The Tupul region lies in the Tamenglong district of Manipur state with several lineaments traversing the
district in the NNE-SSW direction (Fig. 1a). On June 30th, 2022, the Tupul region encountered a massive
landslide causing loss of lives, livestock’s and the debris even blocked the nearby river thus creating a
temporary lake. At this location, Tupul railway station was being constructed (Fig. 1b & 1c) to connect
this state with rest of the country. This location for constructing the railway station was chosen based on
survey carried out for Railway department, Government of India and for this this area was cleared of
forest. Also, satellite images show that the region has experienced several past landslide events
especially along the road while there is evidence of exposed surface nearby the Tupul landslide area
(Fig. 1b, c). We created the longitudinal pro�le of this area using 12.5m ALOS PALSAR DEM version 2.1.1
to visualise the topography along the slide. The pro�le shows that the slide has concave slope (Fig. 1d)
and the area above the crown is very gentle with an angle of 2.23°, however, the upper part near the crown
at an elevation of around 950m is quite steep with a slope of 37.23°. This slope angle becomes gentler
and at the Tupul railway station it is around 16.70° while the lower area below the Tupul Railway station
is gentler having a slope angle of 14.03°. The toe near the Ijai river is located at around 410m. This clearly
shows that that the area above the railway station has steeper slopes and the mass was present on a
concave slope. The landslide occurred as a rotational failure of a fast-moving debris (Fig. 1e) down the
slope when the failure happened. The debris material moved approximately 500m downwards on an
average slope angle of 25°. Further, the rapidly moving debris material blocked the course of Ijai river thus
forming a dam lake situation (Fig. 1f).

3. Geology Of The Region
The rock formations of Manipur consist of Mesozoic and Cenozoic ages (Dilek, 2015). The prominent
rock formations of the Manipur are Barail, Disang, Meluri, Surma, and Tipam. The upper cretaceous –
Eocene sequences of the Disang group occur at the eastern borders of Myanmar and comprise of the
eastern part of the region. The Disang group comprises thick sequences of Splintery shale with some
bands of hard and �aggy sandstone (Ningthoujam et al, 2012). The alluvial plain areas around the
Imphal represent an intermountane depression (Singh et al., 2017). Further, the Meluri group occurs as an
extension of the Disang group. Further, the Disang group is overlain by the Barail group of the Oligocene
age (http://dghindia.gov.in). The Barail group comprises shale and sandstone and is considered as a
good reservoir rock for hydrocarbon accumulation (Borgohain et al.,2019). Moreover, the Barail group is
overlain by Miocene succession of Surma group. The group occurs in the eastern part of the region
consisting of alternate sandstone and shales (Fig. 2). Tipam group of Miocene lies in the easternmost
parts of the region, also it is the youngest among all the group presents. The region is tectonically active
and consists of the number of the thrust, faults, and lineament (Fig. 2), the Churachandpur- Mao thrust
separates the Disang and Barail groups. Also, the Barail group consists of multiple strike-slip faults
trending N-S direction i.e., Langka, Noney, Dalang, Pen, and Leimatak faults. The location of Tupul
landslide is very near to the Noney Fault (Fig. 2) along with the river �ows. On this fault only a big
earthquake of magnitude M6.7 occurred in 2016 whose epicentre is situated at the intersection of Noney
and Dalong fault.
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4. Image Analysis
The before and after satellite images were acquired from Planet satellite data for satellite image
interpretation and analysis of the landslide event. The satellite image before the landslide was acquired
on 8th May 2022 (Fig. 3a) while the satellite image after the landslide was acquired on 7th July 2022,
(Fig. 3b) (i.e. 10 days after the event). The image shows extensive slope work was being undertaken at
Tupul for the construction of the Tupul railway station on the banks of the Ijai river on Jiribam to Imphal
railway line. Further, due to weak lithological conditions and anthropogenic activities small sliding at the
crown part of the landslide (Fig. 3a) is visible before the event in addition to old landslide occurrences.
The area where slope retaining work is being carried out is in the north eastern portion of this patch and it
seems quite stable in both the images. However, on the south western portion small sliding is visible in
both the images (Fig. 3a and 3b). Further, it is evident from Fig. 3b the under-constructed railway station,
seen as bright spot in Fig. 3a, has been buried under the fast-moving sliding material. Upon further
analysis, the material from the landslide has also affected the �ow of the Ijai river causing a huge debris
discharge into the river and creating a dam-like situation in the upstream part of the river.

5. Causes For Landslides And Lessons Learned
The disastrous occurrence of landslides in the Tupul area can be attributed to various reasons and
factors such as past earthquakes, fragile geology, the presence of a fault, high precipitation, and non-
engineering cutting of the slopes.

Since the region occurs in proximity to the subduction zone of the Indian and Eurasian plates, the region
is seismically very active. Thus, earthquakes of low to moderate intensity are recorded regularly. The
region has experienced an earthquake of M7.2, the biggest in recent times (http://asc-
india.org/seismi/seis-manipur.html). Also, the most recent earthquake of M 6.7 was recorded in the year
2016 whose epicentre was nearby to the Tupul landslide (Fig. 3). Thus, due to these signi�cant
movements, the joints present in the rocks were widened and the strata became weaker. The landslide
location lies in the Barail group (Oligocene) surrounded by the Disang group and Surma Group in the east
and west respectively. The Barail group consists of interbedded sandstone and shale rocks which are
highly porous and gets saturated with water easily. Further, the Barail group is traversed by a majority of
strike-slip faults such as the Leimatak fault, Pen fault, Dalang fault, Noney fault, and Kadi fault. The
faults are active due to the presence of external force i.e., its proximity to the plate boundary (Fig. 3).

The precipitation data recorded for Imphal west district showed that the highest rainfall was recorded
between May 2022 and June 2022 compared to the previous years. Before the date of landslide,
216.3mm of cumulative precipitation was recorded between 15th June to 29th June (Fig. 4). The
intensity of rainfall was higher on 23rd June while less rainfall was recorded after 23rd June (Fig. 4). This
heavy rainfall on the 19th and 23rd June led to oversaturation and weakening of the slope mass nearly
reaching the liquid limit. (https://easternmirrornagaland.com). As the landslide location is mainly
composed of sandstone that have higher porosity and having widened joints caused water to percolate
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and creating a slip surface for this rotational landslide. Additionally, the region where landslides occurred
is part of the Imphal-Jiribam railway project and during the construction of the railway infrastructure, the
slope was extensively cut in an non-engineered manner. Thus, the construction of the railway project led
to further disturbance of the slope causing an increase in pore water pressure while reducing the cohesive
strength of the overburdened materials. Hence, the landslide in Tupul can be seen as a culmination of
past earthquake events, fragile geological conditions, high precipitation, and construction activities which
not only buried an under-construction Tupul railway station but took 54 lives.

Thus, a few lessons should be learned before progressing in any infrastructure project. Firstly, there
should be coordination among the various agencies of the government and academics once the projects
are proposed. In this case, the Geological Survey of India and various other researchers have identi�ed
this area as a high landslide susceptible area earlier. Yet, due to a lack of knowledge sharing the
constructors were unaware of the state of landslide susceptibility in the region. Secondly, adequate
mitigating measures should be adopted in mountainous terrains where landslides are very common.
Further, the identi�cation and monitoring of faults are necessary for the spatial prediction of probable
landslide zones. Thirdly, in order to avoid such massive landslides in the near future maximum plantation
strategies should be adopted. Finally, a bottom-up up approach should be adopted by the government to
educate and implement non-structural measures (early warning systems, evacuation plans) to mitigate
the losses caused by the landslides.

6. Conclusions
Landslides are natural phenomena where rocks, debris, and soil material move down the slope under the
in�uence of gravity. Although the landslide occurs at the local scale the effect of landslide is not limited
to the local scale, it affects society by affecting infrastructure projects, human lives, and the environment
by degrading the water quality and blocking the course of the river. Moreover, a landslide is a natural
hazard that cannot be prevented but with timely prediction and effective mitigation measures, the losses
can be mitigated. The June 30, 2020, landslide located in the Tamenglong district of Manipur was the
worst incident in the history of the state. The landslide buried 54 lives and a railway station. This study
shows that the movement of the landslide was rotational and moved rapidly downwards. The causative
factor due to which the landslide occurred was fragile lithology, the presence of complex geological
structure, non-engineered modi�cation of slope, and past earthquake while the heavy rainfall during the
preceding 11 days was the triggering factor. Though the development is necessary, but coherence and
coordination among the execution agencies and research institutes must be ascertained, which is
possible by adopting the bottom-up approach rather than top-down method of carrying out the work.
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Figure 1

The location map showing Tamenglong district on the hillshade of the study area and lineament present,
along with google earth image, elevation pro�le and �eld photograph. See text for details.
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Figure 2

The �gure shows the geological map showing thrusts and faults of the region, the location of Tupul
Landslide and the epicentre of 6.7 M earthquake of 2016.
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Figure 3

The �gure shows the satellite image in Standard False Colour Composite (a) before the event acquired on
8th May 2022 and (b) after the event acquired on 7th July 2022 obtained from Planet satellite data.
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Figure 4

The observed daily precipitation measurement in Imphal west district. The red circle in the �gure shows a
heavy rainfall. The arrow shows the date of occurrences of Tupul landslide.


