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CHAPTER TIII

GEOLOGICAL SETTING

GENERAL

The rocks of the study arsa belong to ths Nawakot
nappe No.3 of Hagen (1969), Chail nappe and Tansing Unit of
Fuchs (1967) and the Dhorpatan phyllite zone and Baglung
schuppen zone (Midland metasediment group) af Sake at al.

(in Ohta & Akiba, 1973).

Structurally, the area is divided into twe tectonic
units, separated by a thrust running NW-SE in the north-
eastern part of the area, passing through the villages of

Phalebas and Lame Deorali, This dislocation, designated as
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the Phalebas Thrust by the present author, dips due NE and
separates the less metamorphosed southern uwnit from the
comparativsely more metamorphossd unit in the nmorth. This
thrust is comparable with the Chail Thrust of Fuchs (1967)

and Lame Deorali Thrust of Nadgir & Nanda (1966),

For the sake of daescriptive conveniencs, the
northern unit is mamed here as Kusma Unit, following the mame
of one of the important villages teo the north of the area.
The southern unit is designated as Sirkang Unit after the

village of Sirkang (Fig. III.1).

The rock types that are referred to in this chapter
are recognised and precisely named on ths basis of the field
study as well as the microscopic characters, Their detailed

petrographic descriptions are given in Chapter 1V,

The Kusma Unit mainly comprises a rock assemblage
of quartzites, quartz-sericite-phyllite, gritty quartzoss
phyllites and argillacecus phyllites (Fig.III.%S. To this
Unit are confined some lenses of metavolcanics, mostly
interbedded with the quartzites., The Sirkang Unit, on the
other hand, is essentially composed of slates, slaty phyll-

ites, sandstones, stromatolitic dolomites and carbonaceous

slates, The rocks of these two units are easily distinguished
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FIG. 1.1
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in the field on the basis of their lithology and metamar-
phism. The Kusma Unit is metamorphossd-upto the grade of
chlorite-sericite schist facies of the epigrade zone of
Barrovian type, while the Sirkang Unit shows only anincipient
metamorphism, even preserving the original sedimentary
structures to some extent. There is a conspicuous change in

the grade of metamorphism whem one crosses the Phalebas Thrust.

From north to soguth, the rocks shouw the field sequence

as showum in tabls I11.1.

The sequence above and north of Phalebas Thrust is
repeated twice due to the Kusma Reverse Fgult. The rocks belowu
the Phalebas Thrust uyhich show comsiderably reduced metamor-

phism is supposed to comprise a group aof younger rocks,

- The correlation of lithotectonic subdivisions in
Lesser Himalaya of Central West Nepal as proposed by various

authors is shown in table 1I11,2.

THE KUSMA UNIT

The rocks of this unit hzve been designated as the
Chail Formation by Fuchs & Frank (1970), 'Series de Kuncha'
by Bordet et al. (1964a), Suparitar Series by Nadgir & Nanda

(1966), Okharbot suite by Talalov (1972) and Middle



73

Table III.1 Fisld Succession

Balewa Formation Quartz-sericita-phyllites,
gritty quartzose phyllites
and flaggy quartzites.

Kusma Quartzite White to brownish coloured

quartzites with frequent

Kusma lensoid intercalations of
Unit spilites.
------------- Kusma Reverse Fault ——==eemememmm e
(North-
Baleswa Formation Quartz-sericite phyllites,
ern Unit)

gritty quartzose phyllites
and flaggy quartzites.

Kusma Quartzite White to brownish coloured
guartzites with frequent
lensoid intercalations of

spilites.
--------------------- Phalebas Thrust -—————emecmecceeen

Sumsa Formation Purple, greenish and gray
slates, slaty phyllites
intercalated with sandstonss

and thin layers of siliceous

dolaomite.
Phoksing Dolomite Bluish-~gray to dark gray
Sirkang stromatolitic dolomite with
Unit minor intercalations of carbo-
(Southern naceous slates and intraclas-
Unit) tic dolomite,

Bihadi Slates Carbonaceous slates and shales
with occasional layers of

sandstones and dolomitses.
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argillo-arenacecus subgroup of Midland metasediments of

Ohta & Akiba (1973). This rock sequence has been assigned

to different ages by different authors and the strong contro-
versy on the age of these rocks exists, till today. Fuchs
(1967) and Fuchs & Frank (1970) have shown that the rocks of
this unit continue all throughout the Himalaya having an
independent tectonic set up and named it as Chail mappe. In
Hiunchulli zone, further west, they have split this napps
into three slices as Chail nappes 1, 2 and 3. Hagen (1969)
also divides his Nawakot mappe into 1, 2, 3 and 4, but the
present study arealies only within his Nawakot nappe 3. Hagen
and Fuchs are the two main propounders of nappe concept in
this part of Nepal Himalaya. But, Bordet (196%?, Nadgir &
Nanda (1966), Talalov (1972), Ohta & Akiba (1973) and Remy
(1975) etc. do not subscribe to the Nappe Theory, at least

in this sector of Nepal Himalaya. According to them, this area
constitutes a single wide autechthonous zone which has been

intensely folded, faulted and thrusted.

KUSMA QUARTZITE

This quartzitic sequence lying just above the Phalebas
Thrust and marking the base of the Kusma Unit constitutes a
major lithological unit of the area (Plate III.1). It extends
in a belt of about 2.5 km width and runs in the NW-SE

direction for nearly 13 km, These rocks are ideally exposed



Plate III.1 A view of Kusmg Quartzite.
On the top is seen tha village

Thana, Viswed north from Lame.
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around Dhunwakot-Thana, Lamai Kholz section, and near
Jyamireghat bridge. In most of these places, this rock forms
very high cliffs. The total thickness varies betwsen

1,000 - 1,200 m but since they are involved in isoclipal
folding, the actual thickness coulcd be much less, This guart-
zitiec band suddenly pinches out to the wsst of Jyamireghat
bridge just outside the study area, A little to the north of
Kusma village, similar quartzitic rocks ferm another band of
2.5 to 3 km width that trends WNW-ESE to E~W direction, Here,the
Kusma Reverse Fault marks the southern baunaary of these quart-
zites and to the nerth, upuward these pass into quartzose phyll-
ites, Between thesse two quartzite bands thers is a wide belt

of Balawa Formation of huge thickness. The outcrops of thess
quartzites in the Kusma area, have been studied by Toran Sharma
(personal communication). Th2 present author also took a number
of traversses in the neighbouring areas to fully understand the

true nature of these guartzites,

Nadgir & Nanda (19646) and Nanda (1973) in their
gaological map of Western Nepal have shown three bands aof
quartzites, The southernmost band, to a little north of their
Lame Deorali Thrust, corresponds tc the quartzites af the study
area. Their next guartzite band northward passes through the
villags of Nawakot (about 16 air km SuU of Pokhara) and it is
shown 2xtending for 40 km in the E-U to WNW-ESE direction,

This Nayakot quartzite band in all probability
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is the same as the one seen north of Kusma, Further north,
the third one, an essentially E~W running band lies about

7 km north of Pokhara and these authors have traced it for
more than 50 km, According to them, the second and the

third quartzite bands are one and the same formation and

are repeated due to anticlinal folding, exposing the older
grits in the core in Pokhara area. Since, the Syanjya Fault
of Nanda (1973) marks the base of Nawakot gquartzite, it is
quite logical to extend it westward to join the Kusma

Reverse Fault, From this, it is obvious that Kusma Reverse
Fault is quite an important tectonic dislocation which
appears to run for athsast 60-70 km in the E-W direction. The
huge cliff-like exposure of quartzites near Nagdanda is also

~the continuation of the gquartzites of Kusma,

It is interesting to note that these quartzitic
rocks form distinct bands of considerable thicknesses that
persistantly run for long distances, Such formations are of
great value as a stratigraphic marker horizon. These quart-
zites will be much useful in seorting ocut the confused strati-
graphy of the Lesser Himalayan metasediments of Western

Nepal,

Both the guartzite bands that are exposed in

Dhunwakot and Kusma area are very much similar in character,
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They are hard, compact and conspicuously bedded., They vary

in colour from brownish white, greenish white to white, The
primary sedimentary structures like cross beddings and

ripple marks (Plate II1,2) are widely developed., The attitude
of these rocks vary considerably. Near Phalebas village and
in Thana area they ars almost horizontal, but in the Lamai
Khola section near Khalti villaga, thsey show almost vertieal

disposition,

These quartzites coantain numerous lensas of basic
rocks, These follow the strike of the host rock and seem %o
be penecontsmporansous lava flows, They form small lenses
having concordant relation with the host rock (Fig. II11,2),
They measure a few meters to several meters in thickness and
similarly vary in length. They are dark green in colour when
frash, coarsely crystalline at the core but nearsr the margins
they form green chloritic phyllites with good devalaopment of
foliations parallal to the attitude of the country rock. With
a few axcaptions, most of the basics are highly weathsred at
the surface, Even same of the fresh-looking rocks show much
élteration wndar tha micrascopse. The basics show inter bedded
relationship and occasionally inter-mixing with quartzitic
material, indicating their penecontemporansous deposition,
A detailed account of these rocks is given separately in

Chapter VIII.



Plate III.2 Ripple marks in Kusma Quartzite,

Location: Near Thana ( x 1/12 ).






Apart from the basics, these quartzites are very
often intercalated with phyllites and quartz-sericite-
phyllites of a few centimeters to a few meters thickness,
Near the Gahate wvillage and in Dhunwakot area the guartzitas
show good exposuras of intercalations of guartzose phyllites

and argillaceous phyllites,!

BALEWA FORMATION

This rock seguence which comes above Kusma Quartzite
and exposed north of Dhunuakot ( A 2088), is a major litho-
unit of the lWestern Nepal Himalaya, This is designated as
'Series de Kuncha' of Jurassic-Cretaceocus age by Bordet et al.
(1964a), as grits belonging to Suparitar Saries of Precambrian
age by Nadgir & Nanda (1966) and Chail Series of Devonian age
by Fuchs (1967). Talalov (1872) includes this rock unit into
his Okharwot suits of Cambrian age while Chta & Akiba (1973)
consider it to helong to their mica schist of Eocambrian age
belonging to tha Baglung schuppen zana, Nadgir & Nanda (1966)
and Nanda (1973) have shown this rock unit to extend in the
E-W direction for more than 100 km from Kuncha in the sast
to Dhorpatan in the west, with an averaga width of about
20 km along the Pokhara seection, lying betwesn the two bands
of previously dsscribed quartzite. They consider this rock

to be oldest of the Suparitar series, fuchs (1967) has shoun
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this rock lying to the north of his Chail Thrust to extend
continuously westdward right upto the Simla area and beyond

in the Indian Himalaya.

The main bulk.of this thick, monotonous formation
sericite

comprises of quartz:phyllites, gritty quartzose phyllites,
argillaceous phyllites and frequently interbedded flaggy
quartzites, Very rarely, some smaller basic lenses are also
associated with this rock umnit., In the uppser reaches of Lamai
Khola, pebbly quartzites of 1 to 2 m thickness are encountered
in this formation, The attitude of foliation variss consider-
ably from nearly horizontal to almost vertical in various
dirdetions, This is obviously due to the complicated fold
patterns resulted on account of superimpossed deformational
episodes, (riginal bedding planes are somswhat obscured,
except in the gquartzitic layers, and they are difficult to bs
recognised in the quartz-sericite-phyllites and gritty quart-

zose phyllites,

Quartz-sericite-phyllite is the dominant rock type,

and makes up a major proportion of this rock unit, They are
medium to finegrained, light gray to gresmish gray in colour
with a silky lustre. They are mainly composed of quartz,
saricite and chlorite with sporacic development of muscovite

in some cases.
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The gritty guartzose phyllite is essentially

composed of larges augen-shaped (megascopically identifiable)
grains of guartz { 1 - 2 mm) along with a few similar grains
of felspars embedded in a matrix of fine quartz, sericite mica
and chlorite. Chlorite and ssricite are easily identified in
hand specimens and due to the pressence of these minerals along
with the flattened quartz grains, the rock has been imparted

a well developed cleavage,

Argillaceous phyllite is another rock type that is

usually interbedded with guartz-sericite phyllite. It comprises
thin layers of few centimeters to several meters in thicknsss,

Highly flaggy guartzites of variable thickness are also

commonly intercalated with quartz-sericite-phyllite, Such inter-
calations are best observed in the Khalti Khola ssetion to ths
north of Dhunuwakot (2088 m), Discontinuous bands of 1-2 m
thick crystalline carbonate rocks {dolamitic) occur at a feu

localities.

The various phyllites and quartzites of this formation
have faithfully preserved lineations related to different fold
avents, and almost all exposures exhibit at least two sets of
pucksr lineations related tc two successive fold generations.

The interference of folds particularly of the last two
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generations has given rise to a large number of shallow

basins and low domal structures,

THE SIRKANG UNIT

This unit lying to the south of Phalsbas Thrust has
bean variously interpreted by different authors., Fuchs &
Frank (1970) called this as Tansing Unit ( = parautochtho-
nous Krol Unit of Fuchs, 1967). Talalov (1972) in his geolo-
gical map has shown this unit to comprise partly his Hilang
suite of Protercozoic age and Tara Suite of Cambriam agas,
Nadgir & Nanda (1966) have shown the area to belong to the
Suparitar Series of Precambrian age. This unit also lies
within the Dhorpatan phyllite zone of Midland metasediments

of Sako et al. (In Ohta & Akiba, 1973).

An important feature of this unit is the occurrence
of stromatolitic dolamites. The algal structures are the only
record of life that existed in these metasedimentarias of
Lessaer Himalaya and these aorganosedimentary structures are of
some help in fixing the age and stratigraphy of the rocks in
absence of any other criteria, The Japanese authors, Ohta &
Akiba {1973) have taken the dolomite of this unit as a marker

horizon for arriving at their lithostratigraphic subdivisions,
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A major portion of the study area falls within
this unit, which consists of the low grade metamorphic rocks =
slates, slaty phyllites, sandstones and stromatolitic dolomitas.
By and large, the rocks show an almost N-S strike with
variable easterly dips, In the north-uwesterm and south~-egastern
cornaers of the area, however, th2 attitude of the rocks varies
considerably and instead of the gsnasral N-S trend,’ it tends

to fluctuate to almost E-W dipping due N,
This unit has been further sub-~divided into thres
formations as under (Fige. I11.2):

Sumsa Formation,
Phoksing Dolomite,

Bihadi Slatses,

BIHADI SLATES

These slaty rocks are sncountered im the southern
extremity of the area and physically lie below ths Phoksing
Dolomite (Plate III,3A). They however, extend in force south-
ward beyond the limits of the study area. In ths previous
literature, thase rocks have been named as carbonaceous shale
of Silurian age by Bordet et al, (1964a), carbonaceous shale
by Nadgir & Nanda (1966) and Fuchs (1967) identified these

rocks as Infra Krols, Comprising a group of dark gray to



Plate ITII.3A

Plate IT11.38

Field photograph showing the sharp
contact betwesen the Bihadi Slates
and the overlying Phoksing Dolomite,
The contrast in vegetation marks the

boundary. Viewzd north from Namnadi,

An outcrop showing tha relation

betwaen cleavage and bedding in Bihadi
Slates. The suJurface over which pen

lies marks the cleavage plane,

Locations About 1.5 km N of Purtighat,

e = gttt .

on the west side of Kali Gandaki river,
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grayish black carbonaceous slates, these are conspicuously

exposed in the relatively low altitude terrain. On ths hill
slopes, the exposures of these black slates show partial
bleaching and a blotchy appearance. Good exposures of thsse
rocks are encountered in tha Bihadi and Purtighat areas. At
placss, the slates are highly ferruginous, though these have
guite restricted occurrence as thin narrow layers of red
coloured slates within the carbonaceous slates, The slates
reveal traces of isoclinal folds, such that the cleavage
marks the axial plane, At most places, the bedding is diffi-
cult to observe, but a careful scrutiny of a large number of
outcrops ideally shows mesoscopic tight Folding. Quite often
the alternation of their layers of grayish black and light
gray colé? conspicuously revsal the cleavage bedding relati-
onship (Plate III 3B). The axes of these folds as also the
lineations due to cleavage~bedding intersection, ars related

to this fold episode and show fairly diverss orientation,

PHOKSING DOLOMITE

Dolomites constitute the important rock unit of the
present study area, and roughly occupy about aone third of thae
mapped terrain, This formation mainly comprises the ' high
and rugged portion in the southern half of the area, physi-
cally lying below ths Sumsa Formation to the north. The

dolomites show a typical outcrop pattern forming tongue~likse
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exposures in a N-5S direction indicating their folded nature,
In Bhoksing=-Gorlang danda section, they are very uwell expos;d
and a complete section from the base of the Kali Gandaki river
(610 m) to the Gorlang Khoria (2172 m) is seen. This formation
is several hundred meters thick, though the isoclinal folding
has rendered its true thickness difficult to measure, These
dolomites are massive to’thickly besdded,with numerous joints,
The massive nature of the rock and scarcity of the startifi-
cation laminae render it difficult to recognise the bedding
plane surfaces, However, the algal laminae which are parallel
to the bedding planes are good indicators of the bedding.The
constituent rocks are dominantly massive, fine grained, bluish
gray to dark gray dolomite with spcradic intercalation of
black carbonacecus slate., A fairly large lens of carbonaceogus
slate is found intercalated with dclomite near Gorlang danda

(2172 m).

The dolomite rock is an the whole, very fine grained
and its thin sections do not reveal much except the patches of
crystalline dolomite and quartz grains., An interesting feature

of this formation is the occurrence of layers of intraclastic

dolomite (Plate I1I1.4A). They are typically recognised in
hand specimen by the presence of rounded to subrounded frag-
ments of dolomite (0.2 to 1 m) cemented by crystalline

dolomice., But sometimes they are compesed of very angular



Plate III.4A

Plate I1I.43

Field photogrsph of intraclastie

dolomite,

-

Location: About 1.5 km NE of Sakuni

village, exnopsed on the maln route

along Kali Gandaki valley ( x1/7 ).

A dolomite speciman showing layers
of black chert,

Location: About 2 km E of Sakuni
along the Khahare Khola section

(Approx. natural size).
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fragg¢ments of dolomite of larger dimensions., Oolites are
commonly assoclatsd with thess intraclasts, Such intracl-
astic rocks are encountered around Karnas bridge, Gebtan

and Sakuni villages,

The boundaries betueén the dolomite and overlying as
well as underlying rock sequences are genserally sharp, South-
west of Bhoksing village, along the upper rsaches of Bachha
Khola, however, the contact is gradational, The overlying
phyllites, dolomitic sandstones and slates are found to cont-
ain intercalations of dolomite near their lower contact. Near
Bagmara village, the bluish gray dolomite grades into pinkish
dolomite upwards, Bedded black cherts are sometimes associated

with dolomite (Plate III.4B).

Development of stromatolite is observed in almost all
parts of this formaticn, and these algal structures have been
found very useful in obtaining detailed information on the
envircnment of deposition and age of these rocks. The mast
abundant forms of stromatolites fcund in this area are similar
to the structures generally described as the genus Collenia

and Conophytons., A critical evaluation of these stromatolitic

carbonate rocks is given in Chapter VII1 (Carbonate Rocks).
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SUMSA FORMATION

This formation lies above the Phoksing Dolomite
and its northern extension is truncated by the NW-SE running
Phalebas Thrust., It was named as Purple formation by Nadgir
& Nanda (1966), whereas Fuchs (1967) considered this rock
to be partly as Jaunsars., The formation is dominantly cempo-
sed of slaty and phyllitic rocks with intercalations of sandy

and dolomitic layers, The lower part of the sequencs is chara-

cterised by the presence of fin%grained pinkish siliceous

dolomite, dolomitic sandstones and purple slates intimately

intercalated, and variegated slates with layers of sandstones
of variable thickness, These are best developed in the Luya
Khola and Bachha Khola sections. The upper section of this
sequence, on the other hand, is almost exclusively compesed

of argillaceous rocks. Here, the slates are usually dark gray,
grayish black and greenish in colour. Typical exposures are
seen in the lower reaches of Chirdi Khola section, Kurgha,

Sumsa and Chokhya villagse area,

The slates and slaty phyllites are the domimant rocks
and make up the main bulk. These are intercalated with pink
coloured dolomitic sandstones and layers of graywacke. The
former are quite intimately intercalated and are typically
seen as distinct bands of a few millimeters to as much as a
meter or so. They are even seen to form lenses within each

other. (Plate III.5A).



Plate 11I.5A A specimen showing the alternate
layers of purple slate and siliceous
dolomite in Sursa Formation,

ccation: About 0.4 km W of Karnas

bridge.

Plate II1.58 An exposure of the alternate layars
of purple slate and silicagous dolomite
in Sumsa formztion,

Location: Near Bagmara.



92



33

The pink siliceous dolomites and dolomitic sandstones

are very characteristic, Usually, they are fine grained and
intimately intarcalated with purple slates and occasionally
with green and gray slates (Plate I111.58). When the carbonate
minerals are leached out due to weathering, the dolomitic
sandstones become highly friable, The thickness of the indivi-
dual band is rarsly more than a meter., The propcrtion of the
slates and these dolomite rocks varies very wmuch in different
saections, The rock is best expeosed in the lower section of
Luwa Khola, 3achha KXhola, Lunwa Khola and Cahur Khola. These
siliceogus dolomites readily give effervescence with dilute
HCl. The mineral dolomite occuring in these rocks are identis
fied in thin sections by staining m=2thod. Desiccation rocks

are widely developed in these rocks (Plate III.6 ).

The sandy laya2rs (sublitharenite, felspathic grayuacke,
lithic graywacke) arz found at differsnt horizons of this
formation., The thickness of the iadividual layers variss from
less than z meter to mors than 103 m, These rocks are medium
to coarse grained, fresh, bard and compact, The rocks are
genefally darker in colour especially when the chloritic cont-
ent is high, Occasionally, they also contain pyrite crystals.
They show distinct bedding planes and a good developmant of
joints. Ripple marks are very common., The petrography of

these sandstones are dealt yith in Chapter 1V,



Plate III.6

Desiccation cracks in purplzs slate
and siliceous dolomite of Sumsa
Formation. The cracks reveal the

underlying dolomite.

Location: 1.2 km S5t of Bhoksing

( x1/6 ).






