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ABSTRACT

The study area encompasses the eastern portion of the Karnali Klippe and the Bheri tectonic
window of Western Nepal, focusing on lithostratigraphy and geological structures.
Geological mapping and cross-sections at a 1:25,000 scale detail the Lesser Himalayan
Sequence and Higher Himalayan Crystallines in Musikot-Khalanga area. The Lesser
Himalayan Sequence comprises sedimentary and low- to medium-grade metamorphic rocks,
divided into the Kuchibang Formation, Deu Khola Formation, Puma Khola Dolomite,
Morabang Formation, and Jibu Formation, respectively. The Thabang Formation constitutes
the Higher Himalayan Crystallines. Major structures include the Main Central Thrust,
Ghatte Khola Thrust, several imbricate thrusts, and two prominent NW-SE trending
synclines: the Simruth Syncline and Syalpakha Syncline. Small-scale structures include
bedding, cross bedding, mud cracks, ripple marks, stromatolites, foliation, small-scale folds,
joints, boudins, and tension gashes. Small-scale folds trend along the WNW-ESE direction
as like those of the major folds. Microstructures such as syntectonic garnet porphyroblasts,
sutured grain contacts in quartzites, triple junctions in polygonized quartz, quartz ribbon
structures, and crenulation folds in the schists of the Kuchibang Formation indicate multiple
phases of deformation in the Main Central Thrust zone. Overall, this study seeks insights
into the regional tectonic evolution and the geological history of the western Nepal Lesser
Himalaya.

DOI: https://doi.org/10.69727/jdi.v8i2.115

1. Introduction

The Himalaya is the youngest mountain range in the world that represents a classic example
of continent-continent collided orogen (Argand, 1924; Molnar & Tapponnier, 1975). It was created
stemming from Indian and Eurasian plate collision (Le Fort, 1996). The Himalayan rocks and
Miocene foreland sediments distributed along five longitudinal tectonic units record the most visible
and dramatic creation of modern tectonic forces (Gansser, 1964; Le Fort, 1975). Among these
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tectonic units, the Lesser Himalaya/Lesser Himalayan Sequence lies between the Sub-Himalaya and
the Higher Himalaya and is bounded by the Main Boundary Thrust (MBT) to the south and the Main
Central Thrust (MCT) to the north. The Lesser Himalayan Sequence is dominated by unfossiliferous
metasedimentary rocks of the Proterozoic age (Dhital, 2015). Geological structures like tectonic
window, nappe, kilppe are present in the Lesser Himalaya (Dhital, 2015). It forms a significant
fraction of the collisional orogeny. The Lesser Himalaya is regarded as a fold and thrust belt of
complex stratigraphy and structure (Long & Robinson, 2021). The Lesser Himalaya can be divided
into a narrow outer belt and broad inner belt with intense deformation on the outer belt (Fuchs &
Sinha, 1978; DeCelles et al., 1998; Dhital et al., 2002). These researchers have documented the
complex pattern of tectonic windows and klippen in the Lesser Himalayan Sequence of western
Nepal around Baitadi, Darchula, Bajhang and Jumla and attributed that as a consequence of
thrusting, erosion, and folding.

The study area comprises the sedimentary and low-to medium-grade metamorphic rock
successions of the Lesser Himalayan Sequence and the Higher Himalayan Crystallines (Higher
Himalaya) of western Nepal. The Musikot-Khalanga area occupies the inner belt of the Lesser
Himalaya in west Nepal. Fuchs & Frank (1970) have quite extensively worked on the geology of
west Nepal between Kali Gandaki River and Thulo Bheri River. They differentiated the rocks of the
present study area into Tansing Unit, Rukum Nappe, Chail Nappe 3, and Upper Crystalline Nappe
(Figure 1). Geological studies on regional scale have been carried out in the past in vicinity of the
study area by many other researchers such as Hagen (1969), Yadav (1971), Tshering (1972),
Pradhan (1973), Kansakar (1982), Sharma et al. (1984), Madhikarmi (1986), Dhital & Kizaki
(1987b), and Dhital (1992). Madhikarmi (1986) carried out geological and geochemical
reconnaissance survey of the present study area and prepared a map on the scale of 1:50,000.
Madhikarmi (1986) identified different rock units, from bottom to top, Dahabang Formation,
Aalubang Formation, Morabang Formation, Kuchibang Formation, Kamian Schist, Pabang
Quartzite, Thabang Formation, Sakim Formation, and Jibu Formation, respectively (Table 1).

The present study comprises the area between Musikot-Sankh and Banphikot-Jibu that lies
in Rukum (West) district of Karnali province, 480 km west of Kathmandu Valley (Figure 2).
Geologically, it lies in the Lesser Himalaya, Western Nepal. The study area covers the parts of the
topographical maps 2882 06B, 2882 06D, 2882 07A, and 2882 07C which is accessible by Prithivi
Highway and Mahendra Highway up to Dang and then by Rapti Highway to Salyan and finally to
Musikot-Khalanga. It is also accessible through Madhya Pahadi Highway. Around Musikot-
Khalanga, the area is accessible through the feeder roads and foot trails.

This area only has been mapped regionally in the past, and the geological structures depicted
in the map are complex. To better understand the field relationships of rock succession and
effectively interpret the tectonics of area; geological mapping on a large scale is required. So, this
research aims in preparing a geological map and geological cross-section at a scale of 1:25,000 that
would help further understand stratigraphy and structure of Musikot-Khalanga area. This paper
highlights the results of detailed geological mapping and microstructural study and subsequent
structural evolution model of the area.

2. Methodology

The study began with a detailed desk review of topographic maps, reports, journals, and
established theories, supplemented by materials from institutions like the Department of Mines and
Geology of Nepal, Tribhuvan University of Nepal, and online sources. The subsequent fieldwork
was conducted for geological mapping using topographic maps as a base map at a 1:25,000 scale
using GPS, a Brunton compass, geological hammer, and dilute (10%) hydrochloric acid. Geological
traverses along rivers, road sections, trails, and ridges focused on identifying rocks and geological
structures, with observations recorded on base map. Representative rock samples were collected,
photographed, and analyzed in the lab through petrographic microscope following the guideline by
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Paudel (2011) to assess microstructures. Data from the field and lab were processed using software
like ArcGIS (10.4.1), CoreIDRAW X7, and Dips to produce geological map, cross-section,
stratigraphic columns, and stereographic projections.

Figure 1
Part of Geological Map of West Nepal (Redrawn from Fuchs & Frank, 1970)
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Table 1
Stratigraphic Subdivisions in Rukum and Rolpa Districts (Madhikarmi, 1986)
Units Lithology Thickness Age
(m)
Jibu Greenish-grey sandstone, greywacke with 200 Jurassic to
E ti thin intercalation of limestone and grey to E
ormation |- gark grey shale having fossils ocene
Sakim Grey dolomitic limestone intercalated 700
F " with shale, sometimes calcareous P Triassi
ormation 1 sandstone, greywacke, and hematitic ermo-lriassic
quartzite
----- Unconformity----
Thabang Grey, yellowish to buff colored limestone, Cambro-
F " siliceous dolomitic limestone, sometimes 4500 Ordovici
ormation intercalated with biotite schist and calc. rdovictan
schist
Thrust
Pabang Greenish to white well bedded quartzite
Quartzite 500
Kamian Dark greenish grey biotite schist having
. garnets at lower section, alternating with .
schist green to light blue quartzite and thin 800 Proterozoic
bands of quartzite at places
—Muain Central Thrust
Kuchibang | Green, grey and rarely dark grey phyllite
. intercalated with green to light blue
Farmation quartzite having amphibolite bands and 1400
augen gneiss pocket locally
Morabang Fine-grained, grey colored siliceous
Dolomit dolomitic limestone with thin 800
olomite intercalations of grey to dark grey phyllite Palaeozoic (?)
Aulabang Grey to dark grey phyllite, calc. phyllite,
F " sometimes calcareous, intercalated with 2000
ormation thin limestone bands at lower section
-------- Unconformity (?) ------
Dahabang Purple, green, grey, and rarely dark grey
. phyllite intercalated with grey to purple .
Formation colored dolomitic limestone, cherty 8000+ Neoproterozoic
limestone, and quartzite having ripple
marks at places
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Figure 2
Location Map of the Study Area

Study Area Map
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3. Results
3.1 Lithostratigraphy

The metasedimentary rock sequence of the study area is divided into five lithostratigraphic
units of the Lesser Himalayan Sequence (LHS) and the Thabang Formation of the Higher Himalayan
Crystallines separated by the Main Central Thrust (MCT) (Figure 3 and 4).
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4.1.1 Lesser Himalayan Sequence

The Lesser Himalayan Sequence is divided into the following formations: Kuchibang
Formation, Deu Khola Formation, Puma Khola Dolomite, Morabang Formation, and Jibu
Formation, from bottom to top respectively.

a. Kuchibang Formation

Madhikarmi (1986) designated this lithostratigraphic unit (Table 1), the oldest rock unit of
the study area, as the Kuchibang Formation for the first time. Fuchs & Frank (1970) represented
these rock types in their Chail Nappes. It consists of grey, green, dark, fine-grained sericite schists,
blue green amphibolites, and phyllites alternating with quartzo-schists, psammitic schists, schistose
greywackes, and gray, green, white quartzites. Schists often show crenulation cleavage. The
thickness of this formation is more than 2 km (Figures 3 and 4).

At Shital Pokhari area, the rocks comprise of white quartzites alternating with dark grey
biotite-chlorite schists (Figure 5a). This formation is also well exposed in the Ghatte Khola and
Thoklaban Khola, at Lansiban, near Jhulkhet area. Also, some gneiss bands are found along Hol
Khola near Chundanda within this formation 5b). At Thada Dhunga, some grey green amphibolite
bands of a few ten meters thick are also alternating with white, light grey quartzites. Grey-green and
blue green amphibolites of volcanic origin alternate with quartzites in this formation (Figure 6).

b. Deu Khola Formation

Fuchs & Frank (1970) included this rock succession in their Nagthat Quartzite. It consists of
thick to very thick-bedded, massive, pink, light green, or grey-green quartzites with slate partings,
dominantly purple slates having thickness more than 2 km (Figure 3 and 4). Alternation of varied
colored quartzites, sandstones, slates, and subordinate pink dolomites is abundant in its lowermost
member. Thick- bedded quartzites are found in its middle part. White and greenish quartzites also
contain granules of jasper. The lithology of the topmost member is like the lithology of the
lowermost member. The thickness of the uppermost member varies between 50 m and 200 m. The
thick bed of pink quartzites is well exposed in the Khar Khola (Figure 5c). The fine-grained pink
quartzites comprise quartz, feldspar, and biotite, with jasper grains and slate clasts. In the northeast,
at Thulo Khola, medium-grained, bedded pink quartzites with parallel and cross-beds alternate with
thinly laminated purple slates, which exhibit mud cracks. Near Jibu, at Puma Khola’s right bank,
pink quartzites, purple slates, and calcareous greenish white quartzites alternate one over another
featuring abundant ripple marks, cross-beds, mud cracks, and intraformational shale fragments.

¢c. Puma Khola Dolomite

Fuchs & Frank (1970) described this lithological unit under the Shali Dolomite. This unit
consists of very thick-bedded, light grey to dark grey dolomites interbedded with thin-bedded shales
and black slates (Figure 3 and 4). It also contains layers of siltstones with occasional arenaceous and
carbonate intercalations. Slates show great variation in color and are highly contorted due to the
thick dolomite complex at the basal part. The dolomites contain many columnar and branching
stromatolites of various shapes and sizes. Its thickness is about 1 km. Dark grey dolomites are
exposed on the left bank of Khar Khola near Totke. At Simpatal, dark grey to greyish white
dolomites are observed. Dolomite beds contain columnar stromatolites showing their younging
strata towards north (Figure 5d). The Puma Khola Dolomite transitionally overlies the Deu Khola
Formation.

d. Morabang Formation

The Morabang Formation is regarded as transitional continuation of the Puma Khola
Dolomite. But this contact in the study area is nowhere exposed. This lithological succession was
named Morabang Formation by Madhikarmi (1986) (Table 1). It consists of finely laminated, green
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sericite schists alternating with quartzites followed by grey dolomites towards the top (Figure 3 and
4). Black slates with thin siltstone and sandstone beds are found in the lower portion of the formation.
In the middle part, thick-bedded orthoquartzites intercalate with red-purple, green, grey slates, and
dolomites. At the top portion of this formation, thick-bedded, dark to light grey cherty dolomites are
abundant. This formation is more than 1 km thick (Figure 4).

This unit is well exposed at Bairigare, Jingri, Goraghat, Musikot-Khalanga, Salle, Chyan
Bagar, Dhabbe, Raksekot, and Sunkhana. On the right bank of Sano Bheri Nadi near Goraghat, dark
gray and greenish white dolomites with partings of black slates are observed. Black slates contain
quartz veins. Dolomites are 3-50 cm thick containing quartz veins. In the road section near Salle
Airport; quartzites, dolomites and slates are intercalating each other (Figure 5e). The black slates
and limestones exposed near Chyan Bagar are thinly foliated and intensely deformed.

e. Jibu Formation

The Jibu Formation was designated by Madhikarmi (1986) (Table 1). Fuchs & Frank (1970)
included the rocks of this unit in their Tal, Subathu, and Dagshai formations whereas Tater et al.
(1983) mapped the sedimentary rock successions of this unit as the Melpani, Swat, and Suntar
formations. It is the youngest rock succession in the study area which is disconformable over the
Morabang Formation. Thick-bedded quartzites intercalated with shales and sandstones represent its
lower part. White, grey, and green quartzites are massive and often break into large irregular blocks.
In the upper part dirty green, purple, and black soft shales followed by micaceous shales and green
sandstones are common. The maximum thickness of this formation is about 1 km (Figure 4), but its
thickness varies significantly at different locations.

This formation is well exposed at Jibu, Sankh, near Lurdabang, along the road section
between Khoyapadera and Jibu, around Musikot and Banphikot area (Figure 5f). Along the road
section at the right bank of Sano Bheri Nadi near Chipra Kunakhet, 4-15 cm thick green sandstones
alternate with purple shales. The succession is also well exposed along the road cut near Gurpa
Khola towards Lurdabang. The outcrops consist of grey-brown, coarse-grained quartzites with
intercalation of black slates (Figure 7). The black, purple slates and sandstones are also exposed
along Bargau Khola and Sani Bheri Nadi near Jairampur.

4.1.2 Higher Himalayan Crystallines

The Higher Himalayan Crystallines (HHC) is thrust over the Lesser Himalayan Sequence
along the Main Central Thrust (Figure 3 and 4). The HHC is represented by the Thabang Formation
in the southern portion of the study area.

a. Thabang Formation

The Thabang Formation is made up of marbles, garnet schists with thin layers of quartzites.
The concentration of calcareous nature of rock succession increases towards the upper section.
Grade of metamorphism decreases towards the upper section with respect to the MCT. This
formation is more than 3.5 km thick. Along Simruth-Solabang road section, the Thabang Formation
is represented by marbles with chlorite-biotite schist partings (Figure 5g). As succession reaches in
the vicinity of the Main Central Thrust, the schist yields large brown garnets. This formation is also
exposed at Gairneto, Badarpani, and near Chundanda.
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Figure 3
(a) Geological Map and (b) Geological Cross-section along XY and AB of Musikot-Khalanga Area
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(b) Geological Cross-section along XY and AB from Geological Map (Contd.)
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3.2 Geological Structures
Various primary and secondary/deformational structures are observed in the study area.
3.2.1 Primary Structures

The primary structures were formed during the time of sedimentation or shortly after the
deposition which are crucial in determining relative stratigraphic age (Tucker, 2003). Bedding and
cross-beds, cross-laminations, ripple marks, mud cracks, and columnar stromatolites are present in
the study area (Figure 8a, b, c). Cross bedding is observed in the pink quartzites of the Deu Khola
Formation along Khar Khola, Thulo Khola and Rewatwe Khola (Figure 8a). The cross beds show
normal stratigraphic sequence. Wave ripples are present in the quartzites of the Deu Khola
Formation along the Khar Khola section (Figure 8b), and boulders of slates in the Deu Khola
Formation show mud-cracks (Figure 8c) suggesting uplift and depositional gap in sedimentation.
Columnar, domed, and branching stromatolites are abundantly found in the boulders of grey
dolomites of the Puma Khola Dolomite along the Khar Khola, Puma Khola, and Sani Bheri River
(Figure 8d).

Figure 4
Generalized Tectono-lithostratigraphic Column of the Study Area
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Figure 5

Field Photographs of the Study Area. (a) Grey quartzites bands alternating with grey schists at
Shital Pokhari, (b) A gneiss band observed in the upper part of the Kuchibang Formation, (c) Thick
to very thick-bedded pink quartzites exposed in the Khar Khola near Daha, (d) Stromatolitic
dolomites observed near Simpatala, (e) Intercalation of quartzites, dolomites, and slates observed
along the road section near Salle Airport, (f) Outcrop of the Jibu Formation having thick-bedded,
light grey quartzites alternating with black shales near Gurpa Khola on the way to Lurdabang, and
(9) Marbles with schist partings observed along Simruth-Solabang road section, near Simruth, on
the left bank of Lahu Khola
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Figure 6

Columnar Section Showing the Occurrence of Quartzites, Amphibolites, and Schists at Thada
Dhunga
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Figure 7

Columnar Section Showing the Alternation of Quartzites and Shales near Gurpa Khola on the Way
to Lurdabang
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Figure 8

Different Primary Structures Observed in the Study Area. (a) Cross-beds observed in the pink
quartzites of the Deu Khola Formation, (b) Wave ripples in quartzites of the Deu Khola Formation,
(c) Mud cracks in a boulder of purple slates of the Deu Khola Formation, (d) Columnar stromatolites
observed in dolomites of the Puma Khola Dolomite near Simpatala

3.2.2 Secondary Structures

The structures formed during the deformation of rock strata are described as secondary
structures (Fossen, 2016). Thrusts, large scale folds, outcrop scale folds, foliation, boudins, fault
gauge and tension gashes are secondary structures observed in the study area.

3.2.2.1 Major Structures

The major structures in the study area include the MCT, Syalpakha Syncline, Simruth
Syncline, Ghatte Khola Thrust and other imbricate thrusts.

a. Main Central Thrust (MCT)

The MCT is a major ductile deformational structure present in the study area separating the
Thabang Formation of the Higher Himalayan Crystallines and the Lesser Himalayan Sequence. The
Thabang Formation overthrusts the Kuchibang Formation of the Lesser Himalayan Sequence along
the MCT in the study area and extends from Kasubang in the southeast to Kharakot in the northwest
(Figure 3). There is a sudden change in the lithology along the MCT as the pelitic and psammitic
rock succession of the Kuchibang Formation (Lesser Himalayan Sequence) in the footwall passes
to a monotonous succession of marbles, schists, and quartzites of the Thabang Formation (Higher
Himalayan Crystallines) in the hanging wall (Figure 9). Various microstructures and small-scale
structures like crenulation cleavage, folding reveals the intense shearing of underlying rocks during
the Main Central Thrust propagation.
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b. Syalpakha Syncline

The Syalpakha Syncline is one of the major folds in the study area. It passes from almost the
middle of the study area. Its northern limb is partly cut by an imbricate thrust named Sani Bheri
Thrust. The southern limb of the Syalpakha Syncline is exposed as overturned beds at different
locations. It extends from Kane Bang in the southeast to Rajaipur in the northwest. The stereographic
projections of poles of bedding and foliation indicate its non-cylindrical nature without distinct trend
and plunge (Figure 10).

Figure 9

Part of a Geological Route Map along the Lahu Khola from Gothbang to Kaskhairi Showing
Transition Contact from the Lesser Himalayan Sequence to the Higher Himalayan Crystallines
along the Main Central Thrust (MCT)
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Figure 10
Equal Angle Lower Hemispherical Projection of Attitudes of Beds Showing Scattered Pole

Poles

N A Equal Angle

” 754 & Lower Hemisphere
g 43 Poles

L o ) 43 Entries

c. Simruth Syncline

The Simruth Syncline is another major fold present in the study area. The core of the syncline
passes from Gairneto in the southeast to Simruth in the northwest (Figure 3). Only a few portions of
the southern limb of this fold are exposed in the study area. Numerous outcrop-scale folds are
developed in the core of the syncline. The fold axes of the Simruth Syncline and the outcrop-scale
folds in the core are trending in the same direction that is NNW-ESE.

d. Ghatte Khola Thrust

The Ghatte Khola Thrust separates the rock units of the Kuchibang Formation and the
Morabang Formation. It lies in the southern part of the study area (Figure 3). The Ghatte Khola
Thrust along with the MCT is recognized as a roof thrust of a duplex. The thrust is south-dipping
and passes along Ghatte Khola from Chyarneta in the southeast to Chhera to the northwest. This
fault is traced at different locations in the study area. In the Ghatte Khola, the quartzites and schists
of the Kuchibang Formation rest over the quartzites and dolomites of the Morabang Formation with
a faulted contact.

e. Pane Khola Thrust

The Pane Khola Thrust is an imbricate thrust identified in the study area (Figure 3). Along
Pane Khola thrust the older rocks of the Morabang Formation rest over the younger rocks of the Jibu
Formation. This is also a south-dipping thrust. This thrust extends from the Pane Khola in northwest
to the Kauleni Khola in southeast. The topographic features and presence of a landslide in Tya Khola
also suggest the existence of the thrust.

f. Musikot-Khalanga Thrust

Along Musikot-Khalanga Thrust, the youngest rock succession of the study area named as
the Jibu Formation overlies the older unit, the Morabang Formation (Figure 3). This fault is north
dipping thrust. It extends from Jyamirekholagaun in the northwest portion of the study area, through
Musikot-Khalanga, to Rotipani in the southeast portion of the study area. The dolomites and
quartzite beds of the Morabaga Formation near Ratmata, at Raksekot, and around Musikot-Khalanga
are highly crushed and weathered along the fault trace.
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g. Sani Bheri Thrust

The Sani Bheri Thrust is another south-dipping imbricate fault which passes along the Sani
Bheri Nadi and brings again the rocks of the Morabang Formation above the younger, Tertiary rock
succession of the Jibu Formation (Figure 3). It extends from the Sani Bheri Nadi in the southeast
portion of the study area to Magma Khola in the northwest corner of the study area. The fault contact
is exposed at some locations having a fault gauge (Figure 11).

Figure 11

Fault Gauge Formed by Crushing of the Black Slates along the Sani Bheri Thrust Exposed near
Kholibargaun

h. Serpu Thrust

The Serpu Thrust is a north-dipping thrust, along which the rocks of the Deu Khola
Formation overthrust the rocks of the Jibu Formation. The thrust passes from Jibu in the southeast
to the Bargaun Khola in the northwest corner of the map (Figure 3). The low-resistance rocks of the
Jibu Formation along the thrust plane have driven the landslides near the Serpu Daha.

i. Sim Khola Thrust

The Sim Khola Thrust is another north-dipping imbricate thrust in the study area along which
the Deu Khola Formation is thrust over the Puma Khola Dolomite. It extends from Siureni to the
southeast to Sim Khola to the northwest of the study area (Figure 3).

3.2.2.2 Minor Deformational Structures

The mesoscopic secondary structures present in the study area include foliation, joints, folds,
tension gashes, and quartz boudins. Foliations are well observed, and they are defined by preferred
orientation of phyllosilicate minerals, such as chlorite, muscovite, and biotite in pelitic rocks and by
elongated quartz grains and mica in thin sections of quartzite. Generally, bedding is frequently
parallel with the foliation plane in the study area. Sandstones, quartzites, limestones, and dolomites
are frequently jointed showing high stress regime.

A number of outcrop scale folds are present in the study area (Figure 12a, b, c). Outcrop-scale
folds are observed in the marbles of the Thabang Formation along the Simruth-Solabang road section,
in the Morabang Formation and the Deukhola Formation. The trend and plunge of these folds depict
the concentration of trend and plunge in a single vertical plane. These folds are WNW-ESE trending
(Figure 13). In brittle fault zones and some ductile shear zones, tension gashes develop in sets of veins
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that are arranged as en-echelon (Olson & Pollard, 1991). The strips of wall rock separating en-echelon
tension gashes are known as bridges (Passchier & Trow 2005). They usually show characteristic of
curved geometry and open in a direction approximately parallel to the direction of maximum
instantaneous direction in both coaxial and non-coaxial flow. In the study area tension gashes are
developed in pink quartzites and purple slates of the Deu Khola Formation in the Puma Khola (Figure
12d). Also, quartz boudins are developed in the schists of the Kuchibang Formation near Siyaban,
along the Thoklaban Khola, gneisses of the Kuchibang Formation near Chundanda (Figure 12¢), and
in black slates of the Morabang Formation near Chyan Bagar, and along Sano Bheri Nadi. The
boudins are formed as the quartz veins are deformed along foliation in the schists and gneisses.

Figure 12

Deformational Structures Observed in Field. (a) Small-scale fold observed in the marble of the
Thabang Formation on the left bank of Lahu Khola in the Simruth-Solabang road section, (b)
Mesoscopic folds observed in the Jibu Formation near Tallo Magma, (c) M-type folds observed in
the dolomites and slates of the Morabang Formation in the Sani Bheri Nadi near Goraghat, (d)
Tension gashes developed in the pink quartzites and purple slates of the Deu Khola Formation in
Puma Khola, and (e) Boudinage and folding observed in gneisses near Chundanda
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Figure 13
Stereographic Projection of Trend and Plunge of Small-scale Fold Axes Observed in the Study Area
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Microstructural study shows rotated garnet porphyroblasts in garnet schist of the Kuchibang
Formation (Figure 14a). These garnet porphyroblasts were rotated towards northeast due to thrusting
of the Higher Himalayan Crystallines over the Lesser Himalayan Sequence along the Main Central
Thrust. The inclusions of quartz grains in the porphyroblasts show its syntectonic origin. Visual
estimation on the porphyroblasts shows 40% of quartz, 30% of muscovite, 15% of biotite, 11% of
garnet, and 3% of chlorite. Other microstructures identified from the petrographic study include
sutured grain contact in quartzites (Figure 14b), triple junction in polygonized quartz (Figure 14c),
quartz-ribbon structure (Figure 14d), micro folds (Figure 14e), and crenulation cleavage (Figure 14f)
in the schists of the Kuchibang Formation. Crenulations are developed especially in the
multidirectional deformed terrain and are the result of different deformational and metamorphic
events. The crenulation folds show that the rocks of the study area have undergone multiple events
of deformation.

4. Discussion

4.1 Lithostratigraphic Correlation

Five lithostratigraphic units of the Lesser Himalayan Sequence and one unit of the Higher
Himalayan Crystallines are identified in the study area. The stratigraphy of the study area correlated
with that of stratigraphy of central Nepal (Stocklin & Bhattarai 1977; Stocklin, 1980) is presented
in Figure 15.

The Kuchibang Formation exhibits similarities to the Kuncha Formation and Fagfog
Quiartzite of Central Nepal (Stocklin & Bhattarai 1977). It comprises alternating grey-green phyllites
or schists, light grey to pale yellow quartzites, along with amphibolites and gneisses. Notably, the
Kuchibang Formation contains a larger proportion of amphibolites than the Kuncha Formation. This
formation lies within the chlorite, biotite, and garnet metamorphic zones.

The Deu Khola Formation correlates with the Nourpul Formation and features thick- to very
thick-bedded pink quartzites with ripple marks and cross-laminae, alternating with red-purple and
green slates marked by mud cracks. Light green quartzites are also present. The Puma Khola
Dolomite comprises thick- to very thick-bedded grey dolomites with dark grey to black slate
partings, containing domed, columnar, and branching stromatolites, correlating with the Dhading
Dolomite of Central Nepal (Stocklin & Bhattarai 1977).
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Figure 14

Photomicrographs of Rock Samples Showing Microstructures in Thin Section. (a) Garnet schist
showing a rotated garnet porphyroblast, (b) Quartzites showing sutured grain contact due to
bulging recrystallization, (c) Quartzites of the Kuchibang Formation showing triple junction, (d)
Ribbon-shaped quartz in garnet schists of the Kuchibang Formation, (e) Micro folds developed in
the garnet schists of Kuchibang Formation, and (f) Garnet schists of the Kuchibang Formation
showing crenulation folds. Viewed under the crossed Nicols. Bt-Biotite, Grt-Granet, Ms-Muscovite,
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The Morabang Formation is lithologically comparable to the Benighat Slates and the
Malekhu Limestone of Central Nepal. Its rock succession begins with black slates at the base,
transitioning upwards into grey dolomites, pink and pale quartzites, and green-grey to red-purple
slates interbedded with pink or light grey to light green limestones. The upper section includes a
thick dolomite bed.

Fuchs & Frank (1970) classified rocks of the Kuchibang Formation within the Chail Nappes,
representing the oldest unit in the study area. The succession includes grey, green, and dark sericite
schists, blue-green amphibolites, and phyllites interlayered with quartzitic schists, psammitic
schists, schistose greywackes, and quartzites of varying colors. The Deu Khola Formation is
equivalent to the Nagthat Quartzite (Fuchs & Frank, 1970) and comprises thick to very thick-bedded,
pink, light green, or grey-green quartzites with slate partings and interfoliated with purple slates
(Figure 16). Similarly, the Puma Khola Dolomite of present study is equivalent to the Shali Dolomite
of Fuchs & Frank (1970). It consists of very thick-bedded, light to dark grey dolomites interbedded
with shales, black slates, siltstones, and occasional arenaceous and carbonate layers.

The Jibu Formation, mapped as part of the Tertiary succession in this study, is absent in
Central Nepal but well-developed in western Nepal. It correlates with formations such as the Tal,
Subathu, and Dagshai (Fuchs & Frank, 1970), Melpani, Swat, and Suntar (Tater et al., 1983), as well
as the Amile, Bhainskati, and Dumri (Sakai, 1983) of the Tansen area, and the Sattim and Dubring
formations (Dhital & Kizaki, 1987a) (Figure 16). Sakai et al. (1999) also reported Early Miocene
Dumri Formation from the Jajarkot and Bhotechaur area.

Figure 15

Correlation and Comparison of Lithostratigraphic Units from the Study Area with Those from
Central Nepal Lesser Himalaya (Stocklin & Bhattarai, 1977)
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Figure 16

Correlation and Comparison of Lithostratigraphic Units from the Study Area with Those from
Western Nepal Lesser Himalaya (Fuchs & Frank, 1970; Tater et al., 1983; Dhital & Kizaki,

1987a)
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4.2 Geological Structures

In the Nepal Himalaya, the intricate arrangement of tectonic windows and Kklippen arises
from the combined effects of thrusting, erosion, and folding (Fuchs & Sinha, 1978; DeCelles et al.,
1998; Dhital et al., 2002; Dhital, 2015). Around Baitadi, Darchula, Bajhang, and Jumla, the Higher
Himalayan thrust sheets are folded and fragmented. In this zone, the Early Miocene rocks occur
within some imbricate slices (Dhital, 2015). In the northern area of Jajarkot, the Barikot window is
developed (Dhital, 2015). In the region between Jajarkot and Botechaur, Dhital (2015) reported the
frontal imbricate zone emerging presumably from the Main Himalayan Thrust. These imbricate fans
form in a hindward-dipping duplex when top and bottom low-angle thrust faults enclose a faulted
block, with steeply inclined, subparallel reverse faults between them (Boyer & Elliott, 1982).

The carbonate sequence around Musikot-Khalanga has been designated as Rukum Nappe
(Fuchs & Frank, 1970). The Higher Himalayan Crystallines as well as another thrust sheet known
as Chail Nappe of Fuchs & Frank (1970) or Phagam Nappe of Kansakar (1982) overlies the Rukum
Nappe of Fuchs & Frank (1970) or the Khumil Nappe of Kansakar (1982). The Kuchibang
Formation represents the Chail Nappe or the Phagam Nappe in the study area.

The trends of the major folds and minor folds are similar, indicating their evolution at the
same deformation phase. The petrographic study suggests the intense deformation of the underlying
rocks (foot wall) in the vicinity of the Main Central Thrust as suggested by the garnet porphyroblasts
with curved syntectonic inclusion trails and a top-to-northeast sense of shear. This may be due to
the folded nature of the Main Central Thrust. The crenulations and micro folds developed in the
garnet schists of the Kuchibang Formation suggest the multiple phases of deformation in the study
area (Paudel & Arita, 2000). Similarly foam like aggregate, ribbon shaped quartz indicates high
grade of metamorphism (Passchier & Trouw, 2005). Sutured contacts of quartz grains indicate the
unequal stress level generated during the roof thrust propagation (Passchier & Trouw, 2005).

4.3 Tectonic Evolution of Study Area

The study area is interpreted as part of a major duplex formed by an antiformal stack and
exposed after the erosion of the Higher Himalayan thrust sheet and other large thrust sheets (Figure

61



Journal of Development Innovations

17). The Higher Himalayan Cystallines and another thrust sheet, comprising rocks of the Morabang
Formation were transported from the far north by the Main Central Thrust and the Ghatte Khola
Thrust, respectively. The present structure is the result of extensive erosion of these large thrust
sheets. The Main Central Thrust and Ghatte Khola Thrust together constitute the roof thrust of a
duplex, while the Main Himalayan Thrust is believed to form the floor thrust of a duplex. Below the
roof thrust, there are many imbricate thrusts forming various horses. The horses are composed of
the Lesser Himalayan rocks. These imbricate thrusts of the study area viz. Pane Khola Thrust,
Musikot-Khalanga Thrust, Sani Bheri Thrust, Serpu Thrust, and Sim Khola Thrust comprise the
imbricate fans of a major duplex structure. Therefore, the study area is a part of a large duplex
structure which is now exposed as a tectonic window after the erosion of the Higher Himalayan

thrust sheet and other thrust sheets.

Figure 17
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Schematic Diagram Showing the Stages of Tectonic Evolution of the Study Area

S

¢. Formation of Ghatte Khola Thrust

Simruth Syncline

e. Final stage

=— MHT

Legend

- 8T

- SBT

= MKT

= GHT

= MCT

= MHT

Serpu Thrust

Sani Bheri Thrust

HIGHER HIMALAYAN CRYSTALLINES

Musikot-Khalanga Thrust

Ghatte Khola Thrust

Main Central Thrust

Main Himalayan Thrust

th

Thabang Formation

LESSER HIMALAYAN SEQUENCE

mo

pu

de

ku

Jibu Formation

Morabang Formation
Puma Khola Dolomite

Deu Khola Formation

Kuchibang Formation

62




Journal of Development Innovations Vol. 8, No. 2, 2024

5. Conclusions

The lithostratigraphic and structural studies were carried out around Musikot-Khalanga in
Rukum (West) district of Western Nepal. A geological map and geological cross-sections were
prepared at the scale of 1:25,000. The present study area has been mapped into five lithostratigraphic
units of the Lesser Himalayan Sequence viz. Kuchibang Formation, Deu Khola Formation, Puma
Khola Dolomite, Morabang Formation, and Jibu Formation, respectively and the Thabang
Formation of the Higher Himalayan Crystallines. The Kuchibang Formation is the oldest rock unit
in the study area. The Jibu Formation is the youngest rock unit in the study area. The area represents
the part of a major duplex window exposed after the erosion of large thrust sheets. The Main Central
Thrust (MCT) and the Ghatte Khola Thrust constitute the roof thrust of a duplex and there are several
imbricate thrusts below the roof thrust forming various horses. These horses are composed of the
Lesser Himalayan Sequence. Many primary and secondary structures are also present in the study
area. The trends of major folds and minor folds are due to NW-SE direction. The microstructural
study shows the development of crenulation cleavage in schists, triple junction in polygonized
quartz, ribbon quartz, micro folds, and development of garnet porphyroblasts with poikiloblastic
texture in schists. The development of crenulation folds in schists of the Kuchibang Formation
reveals at multiple phases of deformation in the study area. Rotated garnet porphyroblasts in the
garnet schists of the Kuchibang Formation reveal a top-to-northeast sense of sharing in the footwall
of the MCT.
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