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101 Geological and 34 Natural hazard observation points are selected for field study with coor
photos and color toposheet maps of mostly 1:50000 and partly of more small and large scale.
Written in easy Engish for student field exercise. All color art paper B5 size pages. The
geological excursion along all the course given in the guidebook may be conducted by 7 to 10
days using a vehicle.
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Geology and Natural Hazards along Kaligandaki and Highways KathmanduPokhara-Butwal-
Mugling-Guidebook for Student Himalayan Exercise Tour-Edited by M. Yoshida and P. D.
UlakAugust 2017 Geology and Natural Hazards along Kaligandaki and Highways Kathmandu-
Pokhara- Butwal-Mugling-Guidebook for Student Himalayan Exercise Tour-The Himalaya
attracts people by its beautiful mountain views and having the world highest peaks of over 8000
meters above sea level. People come to know, viewing the yellow band of Mt. Everest, that the
summit of Mt. Everest is made up of strata with marine fossils and so the summit was once
under the sea. Thus people naturally realize the mountain building power of the earth, that is the
central of the geological processes. Thus, we have believed that publishing easy geoscience
guidebook of the Himalaya should be useful to people world wide who are interested in
geosciences, including the mountain building processes of the earth, and to those who visit
Nepal as well as the Himalaya. The Student Himalayan Exercise Program started in 2012 and
since then has been conducted in March every year. The present guidebook is prepared for the
tour of the above program . From Muktinath, trekking along the upper reaches of the Kaligandaki
Valley to Pokhara and then Pokhara to Butwal crossing the Lesser Himalayan and Sub-
Himalayan zones cover a full section of the Himalayan Orogen (Fig. I-1). The present guidebook
will not only be useful for the student tour above but also encourage people to enjoy studying
geosciences of the Himalaya.. Fig. I-1. Geologic outline (DMG, 1982) and geo-excursion course
(red broken line). STD: South Tibetan Detachment System, MCT: Main Central Thrust, MBT:
Main Boundary Thrust, MFT: Main Frontal Thrust, MT: Mahabharat Thrust, TG: Tansen Group,
AG: Augen Gneiss, MG: Miocene Granite, LS:Limestone/Dolomite-rich zone, TRS: Trishuli River,
KGD: Kaligandaki River, TNU: Tinau River.ContentsTHE HIMALAYA                       1
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ValleyJomsom-Muktinath Section                    29 Physiography and Geology; Natural
Hazards; The Tour Course; Observations along the Tour CourseJomsom-Kokhethati
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145EDITORIAL POSTSCRIPT                    144THE HIMALAYAOrigin of the
HimalayaThe Himalaya is the highest as well as the youngest mountain range on Earth. It was
formed by the most recent mountain building process (orogeny/tectonic activity) in the earth’s
history. The origin of this nearly 2500 km long mountain range began around 55 million years
ago when the northward moving Indian plate collided with the southern edge of Asia (Tibet)
closing the intervening Tethys Sea that was lying between them (Fig. I-2). India continued
moving northward against Asia even after this continent-continent collisional event. During the
above process India’s leading northern edge covered with predominantly marine sedimentary
rock sequence ranging in age from at least Paleoproterozoic (earlier than 1800 million years
ago) to as young as early Miocene (22 million years ago) was folded, sliced and uplifted to form
the Himalayan mountain range (Fig. I-2, Tb. I-1). Later, the succeeding effect of the same
process also created the Tibetan Plateau, the largest plateaus on earth (Fig. I-2). Today, India is
still moving northward bulldozing through Asia at the rate of 50mm annually and part of Indian
crust is pushed underneath the Tibetan Plateau. The mountain is still active and continues to
rise today. The frequent earthquakes in and around the Himalaya manifest the still on-going
present-day mountain building activity in the Himalayan region. The recent Global Positioning
System (GPS) data obtained in Nepal show that some parts of the Himalaya are rising at the rate
of as much as nearly one cm per year. At the same time the Himalayan terrain is being squeezed
horizontally by about 20mm annually. The present boundary between the Indian and Eurasian
plates lies in Tibet and is marked by the Indus-Tsangpo Suture Zone approximately running
parallel to the Indus and Tsangpo rivers in a east –west direction (Fig. I-3).Fig. I-2. Schematic
diagram showing the northward movement of Indian plate and collision with Asia producing the
Himalaya and Tibetan Plateau (Left:Modified after Mattauer, 1989 Right:Dewey and Bird,
1970).The Himalaya exhibits one of the most spectacular sections of the earth’s crust where
nearly 40km thick cross section, from the mountain root to the mountain top can be observed
along a single N-S traverse such as along the Kaligandaki or Marsyangdi valleys in Nepal.
Excellent exposures of rocks from deep-seated metamorphic environment at the bottom to the
unmetamorphosed fossiliferous sedimentary rocks at the top (in the orogenic structure) are



exposed. Thus the Himalaya is a natural laboratory where the on-going mountain building
process in a continent-continent collision setup can be studied.Table I-1. Major events of the
evolutional history of Himalaya (Valdiya, 1998) Geologic (Tectonic) Zones of the HimalayaThe
major architectural framework (Tectonic zones) of the Himalaya is very uniform (Gansser 1964;
Le Fort, 1975; Hodges 2000) with major geologic zones running throughout its length. The basic
framework of the Himalaya is controlled by three northerly inclined master faults (thrusts) that
extend all along the Himalayan range: viz., the Main Central Thrust (MCT), the Main Boundary
Thrust (MBT) and the Main Frontal Thrust (MFT) from north to south, respectively (Fig. I-3). The
thrusts get younger in age from north to south; MCT being the oldest and the MFT the youngest.
During the movement along the MCT, a 25-30 km thick pile of overlying rocks moved southward
for over 200 km (Parrish and Hodges 1996; Harrison and others 1999) overriding a different set
of rocks in the south. The MBT and MFT also moved in a similar manner at different times (cf.
Table I-1). At present, significant movement occurs only along the MFT which nowadays forms
the most active structure of the Himalaya. Broadly speaking the MCT was initiated around 25 Ma
before present and was active until 15 Ma (Harrison and others, 1998).The South Tibetan
Detachment System (STDS) is also considered to be one of the very important fault systems
and has played an important role in the development of the Himalaya (Burg and Chen, 1984;
Pecher, 1991: Burchfield et al., 1991; Hodges et al., 1992, Figs. I-3). This fault is a normal fault in
contrast to all the above-mentioned boundary faults of the Himalaya which are thrusts. This
normal fault separating the Higher Himalayan and Tibetan-Tethys zones is considered to be
nearly contemporaneous with the MCT. It is interpreted that the STDS was initiated when the
Himalaya attained a significant height by the thrusting along the MCT, resulting in the northward
gravitational collapse of the Tibetan-Tethys rocks that overlie the Higher Himalayan rocks.Fig.
I-3. Regional geologic map (modified after Searle et al.2003) and cross section (modified after
Harris and Whalley, 2001) of the Himalayan range.Fig. I-4. Simplified physiographic and
geological cross-section of the Himalaya (Kizaki, 1994). MCT: Main Central Thrust, MBT: Main
Boundary Thrust, MFT: Main Frontal ThrustDivided by the above-mentioned three boundary
thrusts and a normal fault, four major geologic zones are recognized in the Himalaya (Figs. I-3,
I-4). From south to north they are: (1) the Siwalik (or the Sub-Himalayan, Cenozoic foreland
basin sediments), (2) the Lesser Himalayan (Proterozoic continental margin sediments), (3) the
Higher (or Greater) Himalayan (highly metamorphosed late Proterozoic to early Paleozoic
continental margin sediments), and (4) the Tibetan-Tethys Himalayan (Paleozoic to Mesozoic
continental margin sediments) zones. This subdivision is applicable throughout the length of the
Himalaya (Gansser, 1964) and in generally parallel to the Physiographic zonation of the
Himalaya (Fig. I-4, Kizaki, 1994). A more detailed description of these zones is given in Upreti
and Yoshida (2005).Natural Hazards in the Nepal HimalayaNepal is known to be highly
vulnerable to natural disasters; a recent study puts it as a very high-risk country in the world. It is
estimated that over 90% of the Nepalese population are constantly exposed to two or more
types of natural disasters. Every year in average over 300 people die due to natural disasters



and the cost due to loss and damage to property runs into hundreds of millions of rupees.
Numbers of natural disaster events occur in Nepal due to natural as well as manmade causes.
Very fragile geologic condition, steep topography and strong monsoon climate are major
reasons of natural hazards in this country. The condition is further deteriorated due to increasing
population, unplanned settlement, and weak economic condition which make the mitigation of
natural disaster very difficult in Nepal.
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HimalayaThe Himalaya is the highest as well as the youngest mountain range on Earth. It was
formed by the most recent mountain building process (orogeny/tectonic activity) in the earth’s
history. The origin of this nearly 2500 km long mountain range began around 55 million years
ago when the northward moving Indian plate collided with the southern edge of Asia (Tibet)
closing the intervening Tethys Sea that was lying between them (Fig. I-2). India continued
moving northward against Asia even after this continent-continent collisional event. During the
above process India’s leading northern edge covered with predominantly marine sedimentary
rock sequence ranging in age from at least Paleoproterozoic (earlier than 1800 million years
ago) to as young as early Miocene (22 million years ago) was folded, sliced and uplifted to form
the Himalayan mountain range (Fig. I-2, Tb. I-1). Later, the succeeding effect of the same
process also created the Tibetan Plateau, the largest plateaus on earth (Fig. I-2). Today, India is
still moving northward bulldozing through Asia at the rate of 50mm annually and part of Indian
crust is pushed underneath the Tibetan Plateau. The mountain is still active and continues to
rise today. The frequent earthquakes in and around the Himalaya manifest the still on-going
present-day mountain building activity in the Himalayan region. The recent Global Positioning
System (GPS) data obtained in Nepal show that some parts of the Himalaya are rising at the rate
of as much as nearly one cm per year. At the same time the Himalayan terrain is being squeezed
horizontally by about 20mm annually. The present boundary between the Indian and Eurasian
plates lies in Tibet and is marked by the Indus-Tsangpo Suture Zone approximately running
parallel to the Indus and Tsangpo rivers in a east –west direction (Fig. I-3).Fig. I-2. Schematic
diagram showing the northward movement of Indian plate and collision with Asia producing the
Himalaya and Tibetan Plateau (Left:Modified after Mattauer, 1989 Right:Dewey and Bird,



1970).The Himalaya exhibits one of the most spectacular sections of the earth’s crust where
nearly 40km thick cross section, from the mountain root to the mountain top can be observed
along a single N-S traverse such as along the Kaligandaki or Marsyangdi valleys in Nepal.
Excellent exposures of rocks from deep-seated metamorphic environment at the bottom to the
unmetamorphosed fossiliferous sedimentary rocks at the top (in the orogenic structure) are
exposed. Thus the Himalaya is a natural laboratory where the on-going mountain building
process in a continent-continent collision setup can be studied.Table I-1. Major events of the
evolutional history of Himalaya (Valdiya, 1998) Geologic (Tectonic) Zones of the HimalayaThe
major architectural framework (Tectonic zones) of the Himalaya is very uniform (Gansser 1964;
Le Fort, 1975; Hodges 2000) with major geologic zones running throughout its length. The basic
framework of the Himalaya is controlled by three northerly inclined master faults (thrusts) that
extend all along the Himalayan range: viz., the Main Central Thrust (MCT), the Main Boundary
Thrust (MBT) and the Main Frontal Thrust (MFT) from north to south, respectively (Fig. I-3). The
thrusts get younger in age from north to south; MCT being the oldest and the MFT the youngest.
During the movement along the MCT, a 25-30 km thick pile of overlying rocks moved southward
for over 200 km (Parrish and Hodges 1996; Harrison and others 1999) overriding a different set
of rocks in the south. The MBT and MFT also moved in a similar manner at different times (cf.
Table I-1). At present, significant movement occurs only along the MFT which nowadays forms
the most active structure of the Himalaya. Broadly speaking the MCT was initiated around 25 Ma
before present and was active until 15 Ma (Harrison and others, 1998).The South Tibetan
Detachment System (STDS) is also considered to be one of the very important fault systems
and has played an important role in the development of the Himalaya (Burg and Chen, 1984;
Pecher, 1991: Burchfield et al., 1991; Hodges et al., 1992, Figs. I-3). This fault is a normal fault in
contrast to all the above-mentioned boundary faults of the Himalaya which are thrusts. This
normal fault separating the Higher Himalayan and Tibetan-Tethys zones is considered to be
nearly contemporaneous with the MCT. It is interpreted that the STDS was initiated when the
Himalaya attained a significant height by the thrusting along the MCT, resulting in the northward
gravitational collapse of the Tibetan-Tethys rocks that overlie the Higher Himalayan rocks.Fig.
I-3. Regional geologic map (modified after Searle et al.2003) and cross section (modified after
Harris and Whalley, 2001) of the Himalayan range.Fig. I-4. Simplified physiographic and
geological cross-section of the Himalaya (Kizaki, 1994). MCT: Main Central Thrust, MBT: Main
Boundary Thrust, MFT: Main Frontal ThrustDivided by the above-mentioned three boundary
thrusts and a normal fault, four major geologic zones are recognized in the Himalaya (Figs. I-3,
I-4). From south to north they are: (1) the Siwalik (or the Sub-Himalayan, Cenozoic foreland
basin sediments), (2) the Lesser Himalayan (Proterozoic continental margin sediments), (3) the
Higher (or Greater) Himalayan (highly metamorphosed late Proterozoic to early Paleozoic
continental margin sediments), and (4) the Tibetan-Tethys Himalayan (Paleozoic to Mesozoic
continental margin sediments) zones. This subdivision is applicable throughout the length of the
Himalaya (Gansser, 1964) and in generally parallel to the Physiographic zonation of the



Himalaya (Fig. I-4, Kizaki, 1994). A more detailed description of these zones is given in Upreti
and Yoshida (2005).Natural Hazards in the Nepal HimalayaNepal is known to be highly
vulnerable to natural disasters; a recent study puts it as a very high-risk country in the world. It is
estimated that over 90% of the Nepalese population are constantly exposed to two or more
types of natural disasters. Every year in average over 300 people die due to natural disasters
and the cost due to loss and damage to property runs into hundreds of millions of rupees.
Numbers of natural disaster events occur in Nepal due to natural as well as manmade causes.
Very fragile geologic condition, steep topography and strong monsoon climate are major
reasons of natural hazards in this country. The condition is further deteriorated due to increasing
population, unplanned settlement, and weak economic condition which make the mitigation of
natural disaster very difficult in Nepal.Nepal is found vulnerable to various types of natural
disasters such as landslide, debris flow, flood, avalanche, Glacial Lake Outburst Flood (GLOF),
and earthquake. Each geologic and physiographic zones of Nepal suffers form various types of
natural hazards. The plain area in the south is prone to frequent floods where as the mountain
areas are vulnerable to landslide, debris flow, GLOF, and avalanche (Upreti and Dhital, 1996;
Chalise and Khanal, 2001; Upreti, 2001). The Siwalik Range has very rugged topography with
steep slopes and contains soft sedimentary rocks. The area also receives heavy rainfall during
the monsoon period. These factors make the Siwalik Zone a highly prone area to heavy soil
erosion, landslide and debris flow. The Lesser Himalaya is mostly made up of soft rocks such as
phyllites and slates and some other low-grade metamorphic rocks. These rocks are highly
susceptible for weathering and erosion and prone to landslide and debris flow. The extremely
high relief and steep slopes of the Higher Himalayan area with heavy rainfall in its southern front
make this area also highly vulnerable to landslide, debris flow, and rock fall. River damming by
landslide is common in this zone which causes flash floods in the downstream by the breach of
the landslide dams. The Tibetan-Tethys Zone which lies in the rain shadow zone of the Himalaya
and receive less than 250mm annual precipitation suffer very little from water induced disasters
compared to the south. However, debris flow is common in some areas due to the development
of either glacier-related sediments or steep slopes. Snow avalanches and rock falls are the
major threats in the snow covered high altitude areas of the Himalaya. Earthquake is a constant
threat to any part of Nepal because of its being on the active orogenic zone.GEOLOGY AND
NATURAL HAZARDS ALONG THE POKHALA-MUKTINATH COURSEAs this chapter is
primarily aimed at providing geologic and natural hazard information along the Kaligandaki
valley between Beni and Muktinath via Jomsom and Kagbeni, description of only the northern
part of the Lesser Himalayan Zone from Beni and the Tibetan-Tethys Zone up to Kagbeni-
Muktinath, and the Higher Himalayan Zone between the two are included.Geology of the
Kaligandaki ValleyThe Kaligandaki River in Western Nepal offers an excellent section for the
study of the Lesser, Higher and Tibetan-Tethys Himalayan zones. Geology of the Kaligandaki
River section between Beni and Muktinath is one of the most extensively studied areas of the
Himalaya. This part of the guidebook contains a zone-wise description of the geological



characteristics of the Kaligandaki River section. The Siwalik Zone representing the
southernmost tectonic zone of the Himalaya, is exposed only in the far south (Figs. I-1, I-3), and
therefore is not described here in this section. For a conceptual understanding of the geology of
the western Nepal Himalaya, a block diagram drawn by Hagen (1969) is presented as fig. II-1,
although in recent years, the names of the geologic units and tectonic interpretation shown in
the diagram has changed significantly. The geologic map and stratigraphic sequence of the
Lesser, Higher and Tibetan-Tethys Himalayan rocks along the Kaligandaki section by Colchen
and others (1980) are shown in figs. II-2, II-3, although we modified this map in the practical
explanation of geology of each zone below. Starting from south to north, the geologic
characteristics of the three major tectonic zones are briefly described below.PokharaLesser
HimalayaFig. II-1: A general threedimensional geologic outline of the western Nepal
Himalaya(Hagen 1969)5Fig. II-2. Geological map of central-west Nepal (after Colchen and
others 1980). The key is given in Fig. II-3. Note that our geologic maps along the trekking route
do not strictly same as this map.Fig. II-3. Stratigraphic sequence of the Tibetan-Tethys (A) and
Lesser and Higher Himalayan (B) zones of central-west Nepal Himalaya (key to Fig. 17, Colchen
and others 1980). Lesser Himalayan ZoneA wide area of western Nepal is covered by the
Lesser Himalayan metasediments ( Figs. I-1, I3). The geologic map of about 30km length along
the Kaligandaki valley north from Beni to Dana is presented in fig. II-2. The Lesser Himalayan
rocks continue northward from Beni up to the MCT near Dana (Fig. II-4). The MCT is placed at
the northern end of the Dana village. Stratigraphically, the rocks around Beni belong to the
lowest section of the Lesser Himalayan metasediments (the Nawakot Complex of Stöcklin 1980
or the Kali Gandaki Supergroup of Sakai 1985) known as the Kuncha Formation (Table. II-1).
They are represented by the low-grade metamorphic rocks such as gray colored shiny phyllites1
and subordinate quartzite beds. Along the upstream of the river, younger sections of the Lesser
Himalayan rocks crop out. They arerepresented by some thin beds of purple rocks (purple slate
and calcareous sandstone) with mud cracks and ripple marks, followed by a few hundred meters
thick carbonate rocks, (essentially dolomitic limestone withsubordinate amount of phyllite). Black
slate or phyllite withgraphite occasionally interbedded with carbonate beds overlie these rocks.
This Lesser Himalayan stratigraphy of the area is well comparable with the wellestablished
stratigraphy of the Nawakot Complex in central Nepal (Stöcklin 1980, Table II-1) and the Kali
Gandaki Supergroup of Sakai (1985), though the thickness of rocks in this northern section is
much reduced compared to their southern counterpart. As mentioned elsewhere,
weprovisionally follow thestratigraphy of Stöcklin (1980) throughout the present chapter. A
geological cross section and a stratigraphic column between Beni and Kokhethati including the
Lesser and Higher Himalayan Zones are given in figs. II-5 and II-6.Fig. II-4. Geologic map of the
Lesser Himalayan Zone along the Kaligandaki valley north of Beni (present study). 1 Due to the
development of micas (mostly sericite) along cleavage planes. Fig. II-5. Geologic cross section
between Beni and Kokhethati showing the major structures of the Lesser, Higher and Tibetan-
Tethys zones.Fig. II-6. Stratigraphic column of the Lesser Himalayan and Higher Himalayan



formation of the Kaligandaki valley between Beni and Kokhethati.Table II-1. Stratigraphy of the
Lesser Himalayan metasediments (central Nepal, Stöcklin 1980)Complex Group Formation
Lithology Thickness Age (m)200-1000 PaleozoicUpperNawakotNawakot Robang Phyllite with
DungaQuartziteMalekhuLimestoneBenighat Slate with JhikuCarbonate bedsDhading
DolomiteNourpulFormation Phyllite,Quartzite, Amphibolite Limestone,
DolomiteSlate,Argillaceous LimestoneUnconformity Stromatolite DolomitePhyllite,Quartzite,
Dolomite800 Paleozoic500-3000 Paleozoic500-1000 LatePrecambrian800
LatePrecambrianLowerNawakot DandagaonPhyllitesFagfog QuartziteKuncha Formation Phyllite
1000 LateWhiteQuartzitePhyllite,Quartzite,Gritstone,ConglomeratesPrecambrian 400
LatePrecambrian 3000+ LatePrecambrianNorth of the black phyllites and carbonates, while
approaching to the MCT, a series of various mylonites including mylonitic granite and garnet-
bearing gneiss occurs. The field observation clearly shows a sudden change in both lithology
and metamorphic grade of these rocks compared with the uppermost Lesser Himalayan units
described above. This unit probably represents a highgrade metamorphic equivalent of the
lower Lesser Himalayan sequence identified in central Himalaya (Stöcklin 1980). It is on this
basis that a thrust is placed at the contact of the mylonitic rocks and the black schist of the upper
Lesser Himalayan rocks. This thrust is comparable to the Ramgarh Thrust recognized by
DeCelles and others (1998) in other parts of the Nepal Himalaya.All along the Himalaya
including Nepal, the nature and position of the MCT and theMCTcharacteristics of the rocks
occurring in its vicinity has been a theme of serious discussions andcontroversy for long and a
great deal of present-day research is focused on this zone. There is no general agreement
among geologists on the issue of MCT. Therefore, the interpretation made by the authors of this
guidebook may vary with interpretations by many other authors.Higher Himalayan ZoneRocks of
the Higher Himalayan Zone of Nepal have been studied in detail along the deep gorges of the
major rivers including the Kaligandaki and Marsyangdi valleys in central-west Nepal that cut
through the Higher Himalaya. These gorges expose over 12km thick Higher Himalayan
crystalline rocks as well as rocks of the Lesser Himalayan and Tibetan-Tethys zones. The
exposure of this deep-seated core of the mountain belt is one of the most distinctive
characteristics of the Himalaya. Le Fort (1975) grouped the Higher Himalayan crystalline rocks
into three formations: Formation I, II and III (structurally from bottom to top). The Higher
Himalayan rocks are well exposed along the Kaligandaki valley between Dana and Kokhethati
(Fig. II-7). The total thickness of rocks in this section is about 5000m. The Formation I (800m
thick) is the lowest unit and occurs in the southernmost section of the zone. This unit having
pelitic to arenaceous composition consists of two-mica banded gneisses locally containing
kyanite and garnet. The Formation II occurs in the middle part of the Higher Himalayan Zone and
is mainly composed of an alternation of pyroxene and/or amphibole-bearing calc-gneisses,
marbles and some pelitic gneiss. The total thickness of the Formation II is 2850m. The contact
between the Formation I and II is not well defined due to gradual change of lithology between the
two formations. The Formation III occurs in the northernmost section of the Higher Himalayan



Zone. This unit is essentially made up of 1300m thick coarse-grained augen gneiss. The
boundary between the Formation III and the calcareous rocks of the overlying Tibetan-Tethys
Zone (Annapurna Yellow Formation) is marked by the South Tibetan Detachment System
(STDS) (Pechêr 1991; Godin et al., 1999).
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