Page 1 of 15

A Brief Report on the field visit made to study the land subsidence at Khailo,
Khamoed Gewog, Gasa Dzongkhag.
Vide Reference to letters (1) No. GNHC/LDD/Gasa/2016-17/1654 dated 28/5/2018 of
the Secretary, Gross National Happiness Commission conveying the instruction of the
Honourable Prime Minister to carry out study of the sinking area in Khailo Chiwog under
Khamed Gewog in Gasa Dzongkhag, (2) No. MoHCA/NYA (AA-02)/2018/886 dated 4th
June, 2018 of the Director General, Department of Disaster Management for nomination
and inception meeting and (3) No. MoHCA/NYA (AA-02)/2018/941 dated 18th June 2018
from the Department of Disaster Management, a team consisting of the following officials
made a site visit to Khailo village on 19th June 2018.
1)
2)
3)
4)
5)
6)

Ugyen Wangda, Chief Geologist, DGM
Dr. Dawchu Dukpa, Chief Seismologist, DGM
Phuntsho Gyeltshen, Dy Chief SS & LE Officer, NSSC, MoAF.
Tshering Pelzang, Surveyor-4, National Land Commission Secretariat.
Pema Singye, Chief Program Officer, Department of Disaster Management.
Kencho Wangdi, Khailo Chiwog Tshogpa.

The area is located about 20 km N-W of Punakha Dzong and about 50km south east of
Gasa Dzong. It is a thickly forested mountainous region. The highest peak of Khailo is a
Mountain (~3000m), located due west of Khailo village towards upslope (Fig. 1). There
are small villages (Khailo) on the mountain slope, within a height of 2000m to 2100m,
towards east, which are moderately populated. The mountains are almost covered by
thick forests of subtropical broadleaved trees.
The average annual precipitation of Gasa area is reported to be approximately 1093 mm
with maximum rainfall recorded in the month of July 246 mm. Due to heavy rainfall in the
area (especially during summer) and the geological and morphological settings,
landslides and floods caused by seasonal rainfalls are frequent in Khailo region. The main
source of water for Khailo village (especially for irrigation purpose) comes from Tinta
Lum with catchment area of approximately 6.5 km2 (Fig.1).
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Fig.1 : Location map of Khailo village under Khamed Gewog, Gasa Dzongkhag
Field study:
In order to conduct a systematic study of the affected area and its surroundings, a day’s
field work was conducted on 19th June in 2018. The field work mainly consists of the
walk-on traverse and observation around the study area. The subsidence site was located
with the help of the GPS and the altitude of the respect sites were measured with the help
of an Altimeter (SPALDING). The measurement of the attitude of the rock formation and
the trend of the affected area were done using Clark Compass. The dimensions of open
and filled sinkholes were measured using measuring tape.
Geology
The rocks on Khailo areas include Gneisses (both Para Gneiss and Ortho Gneisses),
granitites and schist, belonging to the so called Thimphu Gneissic Complex in Bhutan
Geology.
The area experiences heavy rainfall in the monsoon and on the slopes, these rocks have
been deeply weathered and turned into clay minerals in most cases apparently due to,
Chemical Weathering. The top of the mountain has scarps of Gneisses which are fractured
in a linear pattern which could be a manifestation of a large-scale gravitational land
movement. Besides the high and steep topography, engineering geological conditions in
this area are complex and typical of high geo-stress, high seismic intensity and strong
weathering etc. Several mechanisms (i.e., heavy rainfall coupled with creeping-tensile,
sliding-bending, toppling, lateral spreading etc.), may explain the deformation and failure
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of most of large-scale movement in the area. The general strike of the foliation plane in
the Gneissic rock is N800E, with a dip amount of 500 towards Northwest (Fig. 2 and Fig.
3).

Fig. 2, Measuring the attitude of the rock formation in the area (a Gneissic outcrop).

A detailed map of the study area, reporting the location of sinkholes observed during the
field visit, are shown in (Fig. 3). Topographically, the study area lies on a gentle slope with
slope angle of about 150 – 200 with slope aspects towards east – south-east, as shown by
the bird’s eye view presented in Figure 4.
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Fig.3: Location map showing landslide/subsidence and bedrock crack formation in the
study area.

Fig.4: Photo showing bird’s eye view of Khailo village.
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There is a very gentle slope towards further west, towards upslope direction, after which
the ground become flat at an altitude of 2100m. Again from here the slopes become steep
of about 350 further north-western parts (Fig. 5). The slope in general is undulating in
nature.

Fig.5: Investigation team discussing with local government representatives at the base of
flat area overlooking Khailo village; the crack formation on the gneiss bedrock is ~300 m
from this base.
Rock slope instability:
The area further upslope towards west from the height of 2180m onwards, with
coordinate of 27045.44’, 890 43.12’, rock outcrop consisting of gneisses are sporadically
exposed, which are otherwise buried under thick cover of colluvium materials in a dense
deciduous forest with thick undergrowth and development of thick soil cover. These
rocks are widely fractured or cracked with crack openings as wide as 2 – 3m (Fig.3 and
Fig. 6). The general directions of these cracks are NNW – SSE, and its depth has been
measured up to 15m as presented in the following figures. It could be more but the floors
are covered by dead leaves and humus materials and the team could not ascertain the
actual depth during the visit.
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Fig. 6: Pictures showing 2-3 m wide crack development in the gneiss bedrock almost
perpendicular to the general strike as depicted in the sketch shown on top left side of Fig. 3.
The current team could trace such rock instability features from a height of 2180m to
2260m. The same features seem to continue up to the top of the slope.
What is a Fracture?
A fracture is any separation in a geologic formation, such as a joint or a fault that divides
the rock into two or more pieces. A fracture will sometimes form a deep fissure or crevice
in the rock.
There are three modes of fractures that occur (regardless of mechanism):
Mode I crack – Opening mode (a tensile stress normal to the plane of the crack)
Mode II crack – Sliding mode (a shear stress acting parallel to the plane of the crack and
perpendicular to the crack front)
Mode III crack – Tearing mode (shear stress acting parallel to the plane of the crack and
parallel to the crack front).
Progressive rock- failures in natural rock slopes are common in many environments, and
Engineering geologists agree that as a region of failure spreads across a cliff face, stress
concentrations along its margin will spread with it, promoting further crack propagation
and ultimately rock falls. However in the current scenario, the failure of these rocks in a
very devastating way is unlikely to take place as the topography towards its base are flat.
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Even in other parts of the world, they also experience with rock instability problems, like
in Rattle Snake Ridge (Fig.7)

Fig.7: A typical example of rock instability problem at Rattlesnake ridge in Washington
State, USA.
New analysis finds Rattlesnake Ridge landslide could take decades to completely fail.
Land subsidence Problems
Subsidence is the sinking or settling of the ground surface. It can occur by a number of
methods and it is a phenomenon that occurs in many parts of the world. Ground
subsidence can result from the settlement of native low density soils, or the caving in of
natural or man-made underground voids. At Khailo, the caving in may have been largely
caused by piping erosion due to seepage of water from upslope. Subsidence may occur
gradually over many years as sags or depressions form on the ground surface. It’s more
infrequent, but subsidence can occur abruptly-virtually instantly-as dangerous ground
openings that could swallow any part of a structure that happen to lie at that location, or
leave a dangerous steep-sided hole.
Subsidence is one of the most diverse forms of ground failure, ranging from small or local
collapses to broad regional lowering of the earth's surface.
In Nepal also which share the same topography, Geology and Geomorphology with
Bhutan, they experience the same challenge of ground subsidence. (Fig-8)
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Fig.8: Subsidence of the access road in Nepal
Such ground cracking was observed not only in the road embankment but also continued
within a wide area both towards the left and right side of the road embankment.
Okharpauwa basin, some 10km NW of Kathmandu, having similar problem.(Fig.8, right)

Fig. 9: Land subsidence problem in the United States
Land subsidence—the loss of surface elevation due to removal of subsurface support—
occurs in nearly every state in the United States also. The causes (mostly due to human
activities) of subsidence are as diverse as the forms of failure, and include dewatering
(oxidation) of peat or organic soils, dissolution in limestone aquifers, first-time wetting
of moisture-deficient low-density soils (hydro compaction), natural compaction,
liquefaction, crustal deformation, subterranean mining, and withdrawal of fluids
(groundwater, petroleum, geothermal).
In 2004, a similar problem occurred in Wooling, Orong Gewog, Samdrupjhongkhar
Dzongkhag, also. (Fig.10)
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Fig. 10 Landslide prone area in Wooling, Orong Gewog, Samdrup Jongkhar.
There are even some houses which were severely damaged by the subsidence. (Fig.11)

A House in great danger.
Subsidence of the ground
being, seen at Nagzor village.

Fig. 11: Houses damaged by land subsidence in Wooling
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Since the house is made up of flexible structures, nothing has happened to the house, even
after a displacement of about 40cm. The materials consist mainly of colluviums soil with
occasional fragment of phyllitic rocks. The thickness of the colluviums soil is about 2m,
lying on top of highly fractured phyllite with at least three discontinuity sets.
However the Wooling area is more or less stabilised and no major hazard arising from
the subsidence of 2004 has occurred till now.
The land subsidence/fall problem in Khailo village is predominantly triggered by the
presence of excessive water in the area. The only river system, Tinta Lum, which flows
from west to east and a tributary of Mochu, is a partly glacial fed river and it serves both
as drinking water and paddy plantations for the people of Khailo Village. Somehow the
annual mean precipitation rate in Khailo village is also quite high.
There are numerous land subsidences where the ground surface has shifted/ sunk/
settled downward relative to a datum. Interestingly no ground movement towards the
down slope has taken place. Many of the sinkholes nearby settlements are already filled
by carrying gravels, sands water and vegetative matters from the upslope and the growth
taking place in the surrounding areas. However, some of the sinkholes still remain in
opened conditions and these sinkholes of natural conditions were easily visible from
outside. Out of number of downwards movements taken place in mill shed, subsidiary
huts and others, only one House belonging to Aum Pema is eminently at risk. According
to local residents, a localised debris flow occurred, bringing down boulders with size
more than 200kg, about 50 years ago. Above Aum Pema’s House about 80m towards
upslope (Fig.12), the ground is highly slushy and waterlogged. There is also an irrigation
channel that runs more or less from south to north towards the main village. The channel
is not maintained properly and it is clogged occasionally.
During heavy monsoon, with addition of rain water to already saturated ground, may
trigger debris flow. Because of the convenient topography towards down slope below
Aum Pem’s house, the downwards movement may not happen but house may get
damaged.
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Fig. 12: At the top of the landslide body inferred in Fig. 3, tension cracks and subsidence
observed during the site visit.
Towards the north of aum Pema’s House, there is aum Zam’s house, where a bit of
differential settlement has occurred in her Mill shed hut. The south eastern post of the
shed is slightly tilted and damaged (Fig.13).
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Fig. 13: Differential settlement observed near Aum Zam’s house
The Khailo village is characterized by the development of thick (~3m) residual soil and
some colluviums materials, resting on banded gneiss with occasional intrusion of
pegmatite dyks as observed on the up slope towards west, where there is development
of huge cracks on the Gneissic rocks. The reason of the subsidence could be due to
weathering of the gneiss coming in contact with water which the farmers use for their
paddy cultivation. Gneiss is a foliated rock formed by regional metamorphism, in which
bands or lenticles of granular minerals alternate with bands or lenticles in which minerals
having flaky or elongate prismatic habits predominate.
Principles of weathering processes
The principle constituents of the most kinds of rocks are quartz, feldspar and mica. They
are all mainly built of primary silica in different combinations and atomic arrangement.
The most frequent mineral on earth is feldspar, which is a frame silica, as well as quartz,
the second most frequent mineral. It is built up of SiO2-tetrahedron structures, which are
spatially arranged in a frame. They contain portions of aluminium and, according to type,
interfacing sodium, potassium or calcium. In contrast, mica belongs to the layered silica
and is built of SiO2-tetrahedron and octahedron with layered structure. It contains
portions of aluminium in case of white mica, and iron and magnesium in case of black
mica. Both have interfacing layers of potassium. In progress of weathering the rock and
mineral structures are disintegrated by physical weathering like frost splitting, root
bursting and mutual stress of fragments. Chemical changes first appear if rocks come in
contact with water and solution processes start. As a result of weathering processes clay
minerals develop. Their diameter is less than 2 micrometers. The structure of clay
minerals consists of tetrahedron and octahedron layers with different interfacing atoms
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or molecules. Its layered structure is very similar to micas, so micas can easily convert
into clay minerals. Generally, during weathering, the potassium content of micas decrease
and its atoms are replaced by water molecules or other big atoms. Hence, the volume
increases and the material swell. Also silicon content decreases as it is replaced by
aluminium or magnesium and iron, which results in a change of electric charge. White
mica, called muscovite, has a very low equilibrium concentration of potassium, so it
cannot be solved as fast as biotite, because less potassium can emit until the solution is
saturated. Weathering of muscovite therefore takes more time. In progress of weathering
frame silicates, like feldspars have to change from tetrahedron frame structure to
octahedron layered structure. Due to the absence of structural relation, feldspars have to
split up into its components and regenerate clay minerals, so its weathering process takes
more time. Which type of clay minerals develop during weathering also depends on the
pH environment? Both mica and feldspars experience a decrease of potassium and silicon
content until its total disappearance in the stadium of entire weathering. The reaction
chain during the loss of potassium, in neutral or slightly basic environment, ranges from
mica to illite, vermiculite and smectite, or during the loss of silica and potassium in acidic
environment from feldspar to kaolinite and gibbsite.
The process of kaolinite development is known as hydrolysis, described by (Chamley,
1989), as in following equation:
2(Si3Al) O8K + 11H2O
Al2Si2O5 (OH) 2 + 4Si (OH) 4 + 2K (OH)
Clay minerals are generally very reactive and plastic in nature because of their small size
and their electrically charged layers, which allow them to act as an absorbent. Based on
this chemical system of weathering processes there are index minerals which are
indicative for certain weathering degrees.
Land use pattern
Most of the Khailo village is built on the colluviums brought down from the up slope
towards west and is widely used as agricultural wetland. Human settlements are around
the left bank of Tinta Lum and in nearby hill spurs.
Conclusion and Recommendations:
The conclusions of this study can be explicitly summarized as follows:
a) Monsoon brought rainfall-induced land subsidence in gneissic terrain of Khailo
village, in general, can be categorized as deep land subsidence having depth more
than 5 m. Further subsidence may be subjected to flow down to the slope, if
saturation is increased.
b) The subsidence was initiated when the sandy residual soils of gneissic terrains
were saturated depending upon the slope angles and vertical depth of soil.
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c) It was also understood that extensive failure occurred in colluviums soil of Khailo
during monsoon rainfalls because of high rate of infiltration and high amount of
rainfall intensity.
d) The topography of the affected ground in Khailo area is quite rolling and gentle in
steepness and with the kind of Geomorphologic situation prevailing in the Khailo
area (Fig. 3), the type of failure of the ground in Khailo village will not be a
disastrous one, happening at once, other than Aum Pem’s House.
e) Rather the failure will be a slow one, even if at all it has to happen. But few places
located within the vicinity of the cracks developed due to subsidence exacerbated
with steep slope in the area will be locally dangerous. Therefore, the site has to be
monitored on regular basis by the community and the Local Government for signs
of worsening land subsidence due to piping erosion.
f) A proper drainage system should be constructed, not letting the water to flow
towards the affected areas.
g) If possible, there are measures that can be taken to stabilize the slopes. Some
slopes, however, cannot be stabilized. In these cases, humans should avoid these
areas or use them for purposes that will not increase susceptibility of lives or
property to Geo-hazards.
h) In areas where serious cracks have developed, people living there should be
sensitized about the looming danger and encouraged to relocate to safer areas.
i) Areas below the steep cliffs are prone to rock falls. Although the residents claim
they do not recall of any rock fall in the history of the area, this area should be
zoned. People within 500 m from the cliff should be advised not to settle and only
use the land for crop cultivation and not settlements.
j) Considering the general topography, site geology, soil texture, channelled
irrigation water and high amount of precipitation during the monsoon season,
piping erosion [land subsidence] may continue to occur, putting the lives of people
and structures at risk. Therefore, continuation of current land use system [paddy
cultivation] should be seriously considered. Changing it to dry land and dryland
cultivation would be a better option.
k) There should also be multi-stakeholder engagement to address some of these
issues.
These should include Local Government, Ministry of Works and Human Settlement,
Department of Disaster Management, Ministry of Health, Ministry of Economic Affairs
and Ministry of Agriculture, etc.
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