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The office of the Director, GSI, SU: MN, Imphal Office was impaneled as a 

committee member vide office order no. 1/25/R & DM-(Misc)/2016 dated: 21st July, 2020 by 

the Secretariat, Relief & Disaster Management, Govt. of Manipur to assess the landslides at 

Mao area, Senapati District, Manipur. The GSI, SU: MN, Imphal Office represented by Shri 

A. Elow & Shri N. Herojit Singh, Geologists inspected the landslide at Mao with other 

committee members (Relief and Disaster Management, PWD, NHIDL and MARSAC) on 

28th July, 2020. The Mao landslide has affected an area of about 0.6sq.km posing immense 

risk to the critical road infrastructure and affecting the residential and commercial buildings 

along the NH-2 due to the development of tensional cracks and subsidence of the road bench 

(Fig.1). 

 

Fig.1: Google Satellite image of the landslide affected area at Mao (Song-Song village), Senapati 
District, Manipur along NH-2. 

 

 

 



 

 

The details of the preliminary investigation of landslide Mao, Senapati District, 
Manipur landslide studied by the GSI team as per the GSI landslide 42 point Performa data 
sheet are given below; 

 
Sl. 
no 

Field Description 
 

1 Slide No. (LS No.) Manipur/Senapati/83K02/2020/002 
 

2 State Manipur 
 

3 District Senapati 
 

4 Toposheet No. 83K/02 
 

5 Name of the slide Song-Song Village (Mao Gate) 
 

6 NH/SH/Locality NH-2(Imphal-Dimapur road), Mao gate town 
 

7 Latitude  25°30́57.3́ ˊ 
 

8 Longitude 94°08́11.5́ ˊ 
 

9 Length  85m 
 

10 Width  104m 
 

11 Height 82m 
 

12 Area  
Data incomplete for calculation of volume. 13 Depth 

14 Volume 
15 Run out distance    - 

 
16 Type of Material Debris with minor bed rock 

 
17 Type of movement Rotational 

 
18 Rate of movement  Slow 

 
19 Activity Active 

 
20 Distribution Retrogressive 

 
21 Style Complex 

 
22 Failure mechanism                                      Shallow rotational failure 

 
23 History: 

i. Recurring landslide along the east facing taxi stand and SDO office block as local 
information from local source. Temporal Google-earth satellite images suggest major 
landslide occur around 2006, constructed concrete retaining wall at the toe to the landslide 
(2010), which was eventually got damage due to progressive landslide and moved downslope 
along with the slide debris. 
 
 



 

 

 
ii. As per local source from the Chairman, Song-Song Village, there was a culvert that 
drained the road side-line drainage to the slope on the eastern side of the NH-2 that was 
sealed with concrete lining after the 2006 landslide. 

 
iii.  The building on the eastern side of the NH-2 has history of slight subsidence over the 

past few years. The sudden subsidence with throw of about 1.5ft along the road (Photo 1 and 
2) and developed pronounced cracks within concrete structure and widening of the cracks 
between the road and structure (Photo 3) is reported during the month of June and July, 
2020.  

iv. The road side line covered concrete drainage (opposite western side of the landslide 
crown) is not properly functional with stagnant water. 

 
v. Concrete drainages were constructed to drain sewage water. At present, due to the 

development of tensional cracks and subsequent subsidence of the eastern portion of the road 
and parts of settlement areas. The surface water run-off is drained towards the eastern part 
and water percolation is observed along the tensional cracks developed within the drainage 
(Photo 4).   

 
vi. The Assam type residential houses located at approximately between 15 to 40m below 

the road bench shows back tilting (towards the crown road side) (Fig.3 and Photo 8) with 
pronounced subsidence and cracks on the cemented floor of the houses and retaining wall.  
The seepage of water from the ground has led to the accumulation of water inside the house 
(Photo 9).   

  
vii.  The cracks developed at the crown portion have been sealed very recently. However 

new minor cracks measuring around 0.5 to 1 cm wide are seen developing in the adjoining 
areas of the already sealed part (Photo 5). At the present scenario, during the rains water 
flows over the road (including the already sealed portion of the road and its adjoining areas) 
and percolates downward through the newly developed cracks. 

 
24 Geomorphology  

Regionally, the area is represented by highly dissected, rugged, NNE-SSW trending 
alternate synclinal hill ridges and anticlinal valleys showing a 2nd order topography. In the 
disturbed area, the portion of the hill slope located towards the east of NH-2 shows three 
prominent topographic break-in-slope i.e., very steep slope just below the road (60-70°), 
moderate mid-slope break (30-35°) and steep slope towards the further north (35 to 60°) 
joining the northeasterly flowing Pije River (Fig 4 ).   

 
25 Geology: 

Geologically the Mao area, where present active landslide is occurring represents the 
gradational lithological contact between the Disang and Barial group of rocks. The NH-2 
road is the contact zone, where lithology exposed on the eastern part below the road 
represents the older Disang Group of rocks and the lithology exposed above the road on the 
western part represents the Laisong Formation of Barial Group. 

Lithofacies association of Disang Group of rock is characterised by the thin 
intercalation of dark grey to buff colour shale and siltstone. The lithofacies association of 
Laisong Formation includes thin to medium bedded bluish grey to buff colour, fine to 
medium grained, hard and compact sandstone with thin shale/siltstone interactions. 
Structurally the area represents the western limb of the Mao anticline and the beds shows 



 

 

three prominent joint sets. 
The surface material outcrop map shows the western part of the NH-2 is mostly 

covered with intact in-situ rock of Laisong Formation (Barial Group). The western part of 
the study area has in-situ shale exposed with thin soil cover and the part of the area on the 
eastern side below the NH-2 where landslide has affected has a thick old-landslide debris 
capping developed above the in-situ shale/siltstone (Fig 2).     
 

26 Structure (So/J1: 310°/23°SW, J2: 210°/70°SE and J3: 300°/70°NE). Eastern 
limb of the anticline. J3 joint plane and slope dips in the same direction 
within the sandstone above the NH-2. 

27 Landuse/Landcover 
The landuse pattern on either side of the road is mostly used for commercial buildings 

with few residential houses. The eastern part immediately below the NH-2 where landslide 
has affected is mostly residential Assam type houses. The mid-slope break is mostly use for 
terrace agricultural farming by the natives. The gentle slope on the right flanks of the 
landslide is used for terrace paddy field agricultural use with moderately thick vegetation 
cover. The left flank is mostly covered with moderate vegetation cover (Fig 3).     

 
28 Hydrological condition: 

The study area around Mao (Song Song village) is drained by the Pije river, which 
originates from the higher ridges above the TB hospital and Mao potato farm and drains 
northeasterly. Small seasonal streams and gullies drains the excess surface water run-off 
below the NH-2 flows northerly and joins the Pije River.  

The NH-2 hillside lined concrete drainage opposite to the landslide crown is not 
functioning properly as evident by the presence of stagnant water. The transient downward 
percolation of water along the tensional cracks developed on the road and drainage is 
observed. The heavy water seepage and water pooling is observed within the Assam type 
residential houses which are back tilted 10-20° (Photo 9). At many places water seepage is 
observed at the steep slope break (Photo 10). The irrigational water culvert drains (at places 
open canal drain) across the body of the landslide and a small water pond being made at the 
mid-slope along the strike of the landslide movement (Fig 3). 

29 Triggering Factor Rainfall  
 

30 Death of persons Nil 
 

31 People affected Commercial and Residential houses  
32 Livestock loss Nil 

 
33 Communication NH-2 (Imphal- Dimapur road), Mao gate town 

 
 

34 Infrastructure  NH-2, Residential houses, Commercial concrete buildings Commercial 
and Residential houses.  

35 Agriculture/ 
Forest/Barren 

Terrace agricultural farming along the mid-slope, moderately thick 
vegetation cover along the flanks of the slope. 
 

36 Geo-scientific Causes 
i.      Inherent geological problem being the lithological contact zone between the Disang 

(shale dominant) and Barial (sandstone dominant) group of rock. The presence of 
prominent three joint sets within sandstone and shale/siltstone helps in formation of small 
wedge, reducing the shear strength of the rock.  The presence of the seasonal gullies above 
the road (opposite to the crown), where excess surface water run-off flows above the high 



 

 

jointed sandstone (So/J1: 310°/23°SW, J2: 210°/70°SE and J3: 300°/70°NE), joining the 
road hillside drainage. Percolation of surface water along the joint/fracture plane into the 
underlying shale dominated unit, leading to the development of local hydrostatic pore 
pressure.  
 

ii. The present landslide affected area is part of the old-landslide zone, with thick 
unconsolidated/semi consolidated debris above the in-situ bedrock. 

 
iii. The concrete retaining wall constructed below taxi stand/SDO office post 2006 landslide 

is constructed over the debris material of old-landslide and not anchored proper to the in-
situ bedrock. Lack of proper weep holes and drainage to maintain the surface run-off water 
coupled with static loading of earth filled material may have resulted in failure of the 
concrete retaining structure (Fig 5). 

 
iv. Construction of multistoried concrete building on the edge of a very steep slope (60-

70°), thereby increasing the static loading on the slope edge (Photo 1 and 2). 
 

v. Construction of houses along the unstable mid-slope break, where the underlying 
material is thick semi-consolidated/ un-consolidated old-landslide debris (Photo 1 and 8). 

 
vi. The landslide affected area has a very poor surface drainage management (Photo 10 and 

12). During heavy rainfall during the month of june and july, 2020, water flows over the 
road and remain stagnant within the depressions caused due to heavy vehicle movement 
with stagnant water along the road side-line concrete drainage. The transient downward 
water percolation on the road, steep and moderate steep slope, where the surface material is 
old-landslide debris has lead to the over-saturation of the underlying material. 

 
37 Remedial measures:        

 
Short term mitigation measures: 
 

A. Immediate evacuation of the people living in the concrete commercial G+1/2 buildings and 
Assam type houses located just below it.  

B. Immediate sealing of all cracks with impervious materials (clay, tars, bitumen, concrete 
cement etc)  

1. Tensional cracks (longitudinal and transverse) developed adjacent to the recently 
sealed crack on the crown potion of the road needs to be seal immediately. 

2. Tensional cracks developed along the taxi stand (1-2cm width) and SDO office (10-
20cm) (Photo 6) needs to be immediately sealed with impervious material and 
restriction of vehicle movement and parking along the portion which shows tensional 
cracks.  

3. The tensional cracks developed on either side of the road needs to immediately 
sealed. 

4. The penetrative rock fabrics (bedding, joints and fracture plane) need to sealed with 
impervious material along the open joint planes along the gullies above the road 
(opposite west of the crown), where excess surface water run-off flows above the 
high jointed sandstone joining the road sideline drainage. 

5. All prominent tensional cracks developed along the body of the landslide needs to 
sealed with impervious material (Photo 11). 

C. Stagnation may not be allowed in any part of the slope. 
1. Stagnant water within the road side lined drainage (D1) may be made free flow by 



 

 

maintaining slope gradient of the floor of drain to prevent any water stagnation and 
water percolation. 

2. The subsided part of the road section (at the crown) shows northerly slope gradient, 
which drains surface water towards slope causing extensive transient seepage along 
the tensional cracks within the concrete sideline drainage, To minimized the impact 
of landslide from further retrogression, the following measures are suggested 

i. Proper earth filling of the subsided crown potion with light impervious 
material and change the slope gradient towards southerly direction and 
connecting the surface water run-off to the concrete drainage (D1). 

ii. Restriction of heavy vehicle movement along the filled subsided portion until 
it becomes stable. 

3. The water seepage at the topographic slope break, where high water accumulation 
and stagnation is observed with the tilted Assam type houses needs to properly drain 
through proper chute drainage connecting to the stable nalla located further north.   

4. The water pond made along the down-slope needs to the drained out and back filling 
of the depression. The portion of the non-culvert irrigational canal passing across the 
strike of the landslide body needs to be made either concrete lining/culvert draining 
water seepage.  
 

Long term mitigation measures: 
The long term mitigation measures for NH-2 stability and settlement may be established 

after carrying out detailed site specific study of the affected zone with geotechnical inputs and 
sub-surface study using drilling or geophysical studies.  

 
38 Remarks, if any -     

 
39 Photos, sketch of 

plan & section of the 
slide 

Enclosed [Fig. 1-5 and Photo:1-10]  
 

40 Summary 
 The Mao landslide occurred along the road section of NH-2, causing subsidence of the 

road posing immense threat to the vital road corridor and affecting the residential and 
commercial buildings.  Recurring landslide along the east facing taxi stand and SDO office 
block is confirmed based on temporal Google-earth satellite images since 2006 to present. The 
subsidence along the road with pronounced cracks and displacement within concrete structure 
and widening of the cracks between the road and structure is reported during the month of June 
and July, 2020.  

The predisposing factors for the present landslide includes inherent geological contact 
zone between the Disang (shale dominant) and Barial (sandstone dominant) group of rock, 
which are highly jointed in nature.  The topography of the area shows three prominent 
topographic breaks in slope gradient and the mid-slope shows the old-landslide zone filled with 
unconsolidated/semi-consolidated debris. The existing drainage system arrangement in the 
landslide affected zone is not well maintained to drain the surface run-off. The construction of 
heavy concrete commercial/residential structure on the steep road side may also have cause 
static loading on the edge and construction of houses within the unconsolidated old-landslide 
debris seems to be the major predisposing factor. The extensive transient water seepage along 
the tensional cracks and penetrative rock planar fabric at the crown area and excess surface 
water run-off seepage within the debris into the underlying the less consolidated debris of old-
landslide may have aggravate development of local hydrostatic pore pressure. Incessant rain 
during the month of June and July, 2020 may have triggered land subsidence.  

 



 

 

The immediate mitigative measures is the evacuation of the people living in the 
concrete commercial G+1/2 buildings and Assam type houses just below. The short term 
mitigation includes preventing any surface water ingress through tensional cracks, subsidence 
near at the crown of the landslide and its surrounding by sealing with impervious material. The 
excess surface run-off should be directed to proper road side drainage or drained to stable. The 
stagnant water along the mid-slope area and water pond needs to drain. The long term 
mitigation measures for NH-2 stability and settlement may be established after carrying out 
detailed site specific study of the affected zone. Detailed understanding of the concealed 
thickness of the overburden material resting over the in-situ bedrock by carrying out detailed 
landslide mapping with geotechnical inputs and sub-surface study using drilling or geophysical 
studies.  

 
41 Pdf Enclosed 
42 Landslide category II 

 
 
 
 
 

Fig.2: Surface material map of in and around Mao (Song-Song village) area, Senapati District, Manipur along 
NH-2. 

 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: Schematic plan view of the landslide affected area Mao (Song-Song village), Senapati District, Manipur along NH-2. 
 



 

 

 

Fig.4: Schematic profile section along line A-B for the affected area Mao (Song-Song village), Senapati District, Manipur. 
 
 

Fig.5: Schematic profile section along line C-B for the affected area Mao (Song-Song village), Senapati District, Manipur. 
 
 
 
 
 
 



 

 

Photo.1: Landslide affected site along NH-2 showing 
subsidence and back tilting of house. 

Photo.2: Crown tensional crack developed along the road 
affecting the commercial G+1 building structure. 

Photo.3: Development of crack in the building at crown 
of the subsidence zone. 

Photo.4: Surface water draining towards subsidence 
zone with visible seepage along the cracks. 

 

Photo.5: Development of new tensional cracks observed 
along the NH-2 road bench. 

Photo.6: Subsidence affecting the Mao SDO office with 
crack development on the floor. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Photo. 7: New tensional crack development indicating 
retrogression on landslide crown at taxi stand. 

 

Photo.8: View of landslide affecting Assam type 
residential houses by back tilting and cracks.  

Photo.9: Water flooding within the tilted and crack 
residential Assam type house. 

Photo.10: High surface run-off within the debris of old-
landslide along the strike of the landslide. 

 

Photo.11: Cracks and striation with subsidence showing 
evidence of slow creeping movement of landslide. 

Photo.12: High surface run-off within the debris of old-
landslide affected zone. 

 
 
 
 
 
 
 
 
  
 


