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This volume entitled GEOLOGY OF SPITI - KINNAUR, HIMACHAL HIMALAYA is dedicated
to Maharajapuram Sitaram Krishnan, former Head of the Geological Survey of India (GSI), whose birth
Centenary is commemorated this year - 1998 by various organisations with which he was closely associated.
It was generous of Dr. S. K. Acharyya, the present Head of the survey, to give me the privilege on this
occasion, to offer a tribute to Dr. Krishnan, with whom 1 was closely associated.

Little is known of the early life of Dr. Krishnan except he was born of humble parentage in 1898,
in the village of Maharajapuram (Tamil Nadu) and that he had his schooling in the district headquarters
at Tanjore (Tamil Nadu) where by winning successive yearly scholarships he was able to complete his
school education. He later joincd the Presidency College, Madras and took his M.A. degree in Geology
with high distinction that carned him a scholarship for higher learning in Geology at the Imperial College,
London. He worked with Professors W. W. Watts and J. W. Evans and obtained his doctorate in Geology
«iong with Associate of the Royal College of Science and Diploma of the Imperial College.

Dr. Krishnan joined the Geological Survey of India as an officer in 1924, when the department
was a white man's preserve. His high academic qualifications, hard work and personal qualities, in a
ﬂimc. carned him the respect of his white colleagues. J




Among Dr. Krishnan's several monographs, scientific papers, reports, notes and his other
srofessional attainments, the following stand out :

1. Fleld work in Gangpur State (GSI, Mem. Vol. II, 1987)

2. Being a man of strong convictions and foresight he gave a dissenting note in the Coking Coal
Committee for adopting stringent conservation measures to stop rapid depletion of our Coking Coal
resources.

3. Setting up and Organising the Southern Circle of the GSI at Madras and training a group of young
geologists who later rose to eminent positions.

4. His continuing efforts for the exploitation of the then newly discovered lignite deposits in Tamil
Nadu due to which, at present, part of the thermal power generated is met for this state.

5. The comprehensive compilation by him of the Mineral Resources of then Madras Presidency (including
parts of present Andhra Pradesh and Karnataka) even today is very good reference book (GSI1 Mem.
Vol. 80, 1952).

6. His studies on the Structure and Tectonic History of India (GSI Mem. Vol. 81, 1953).

7. His contribution on “Iron Ore Deposits of Middle East and of Asia and the Far East™ (Survey of World
Iron Ore resources : occurrence, appraisal and use. United Nations, Dept. of Economic and Social
Affairs, New York, 1958).

8. His text book of Geology of India and Burma will ever remain his monumental contribution.

9. Alirm belicver in the dissemination of knowledge, lie encouraged his daughter Mrs. Akhilandeshwari
Subramaniam to translate his condensed version of Geology of India into Hindi for the benefit of
those in the Hindi heartland of our country. It was the only book on the Geology of India in Hindi.

Dr. Krishnan was the first Indian Director of the GSI. e was either closely associated with or
organised the undermentioned departments and was Head of most of them in the formative years. They
arc: (1) Indian Burean of Mines, (2) Atomic Minerals Department, (3) Indian School of Mines, (4) Natfonal
Geophysical Research Institute and (5) Dept. of Geology and Geophysics, Andhra University. He was {or
a while Ollicer on Special Duty at the Ministry in New Delhi to formulate plans for Mineral Development.
He was a member ol several learned societies.

Ysoemaon D Krishinan rose higher than his enviable prolessional attainments. He was a vaduced
fricned o Lis colleaones and conld e alwavs available lor help, if required. He inculcated the qualities of
hramiifiey snd beticved in high thinking and simple living. tHe had no respect for the class distinctions in
povernme il serviee and wvas alwovs considerate with those who worked with him. His door in the office
wirs alwavs opens Theh distinetions and hononrs had the least elfect on him like water on a duck’s back.
His coneern lor poor student=. 1 peorsonally aware and he was ever ready to help them with tuition or

examination fees when approashed e earned respect without least expecting it.

Dr. Krishnan was encowed with clear thinking as is evident from his precise factual and lucid
style of writing with crisp sentences. Being a master of condensation, he had the ability to separate the
essentials [rom a host of bewildering details and present views without distortion or blas.

Dr. Krishnan. before his death. was conferred the title of Padma Bhushan by the President of
India for his outstanding services to his country in the field of Earth Science.

Wherever Dr. Krishnan worked. he had set up exacting standards for his followers in the profession
and it should be remembered that he did not spare himself either. For him his day began and ended with
Geology.

His life is a beacon light and offers inspiration to succeeding generations of geologists to dedicate themselves
to the cause of Earth Science in general and to India. in particular.

Chennai,. (J. Swami Nath)
September 8th, 1998 Former Director General
Geological Survey of India




FOREWORD

The Spiti Valley, which exposes an almost uninterrupted squence of the Eocambrian to the Certaceous
sediments, has been a classical area for stratigraphers since the days of Gerard (1827, 1841). The Kinnaur
area, on the other hand, was carlier believed to be essentially a Precambrian terrain. Recently, Palacozoic
and Mesozoic sequences have also been studied from this area indicating that the Kinnaur area probably
constitutes the western limit of the Kumaon-Tethyan basin. Although Palacontological accounts of various
localities of the Spiti-Kinnaur belt have been provided by a number of workers from time to time, no
detailed and systematic lithostratigraphic/biostratigraphic studies with adequate section measurements and
sedimentological studies have been undertaken in the belt as a whole after Reed (1910, 1912) and Diener
(1890-1915). Consequently, detailed classification of the sequence as per the International Code of
Stratigraphic Nomenclature and precise age limits of the various units remained incomplete.

The present Memoirs Volume by O. N. Bhargava and U. K. Bassi provides a fairly comprehensive
account of this relatively unknown part of the Himalayas and strengthens the foundation laid by Hayden
(1904). The write-up is based on nigorous and painstaking mapping work undertaken for a pericd of more
than one decade by the authors in the tough, inaccessible and inhospitable terrains of Spiti-Kinnaur, the
northernmost outposts of Himachal _Pradesh. The study provides a systematic lithostratigraphic classification
of the sedimentary sequence into fairly well-defined “Groups™ and “Formations™ Efforts have been made
to determine the age of the various formations on the basis of fossil asscmblages. The classification takes
into account the merits and demerits of earlier attempts put forward by various workers from different
localities of the Spiti-Kinnaur belt. An attempt has also been made to work out the facies variations,
environments of deposition of the various litho-stratigraphic units and thc sequence of tectonic events that
have shaped the geological cvolution of the terrain. An interesting part of the work is the comparativc
analysis of the Tethyan scquence of the Spiti-Zanskar, Kinnaur-Kumaon and Kashmir-Chamba-Tandi areas
and their broad correlation. The volume is expected to evince interest in the geoscientists, far and widc,
and those working in the Himalayas, in particular.

o 41/’0&/—

( S. K. Acharya )
Director General
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1. INTRODUCTION

The Spiti Valley (Fig.1.0) in geological litera-
ture was first referred by Gerard, A. (1827, 1841).
Since then this valley, which exposes more or less an
uninterrupted Eocambrian to Cretaceous sequence,
became stratigraphers' delight. The geological de-
tails of the Spiti Valley in earlier years were furnished
by Gerard (1833), Hutton (1839, 1840, 1841), Everest
(1841), Cunninghan (1844), Theobald (1862), Blanford
(1863, 1864), Stoliczka (1864, 1865, 1868), Davidson
(1864), Godwin-Auslin (1864, 1865, 1866), Mallet (1865),
McMahon (1879), Greisbach (1889), Diener (1895, 1897,
1903) and von Kraft (1899, 1900). Hayden (1904) mapped
and presented an account of various formations which
till this day provides a sound edifice for any detailed
work. The Palaeozoic fossils of this region were stud-
ied mainly by Reed (1910, 1912) and those of the
Mesozoic sequence by Mojsisovics (1899), Uhlig and
Steiger (1903), Diener (1912, 1915), von Kraft and Di-
ener (1909), Holdhaus (1913) and Spitz (1914). There
was a lull in the geological studics in the Spiti Valley
after the publication of Hayden’s Memoir, till Jhingran
et al (1950) traversed this area along with the Royal
Danish Expedition led by Berthelsen (1951, 1953).

INGLUNG N (&

GANMACHIDAM

N
" W L g
e B 1
1 ZReKIOTO Y
TARKCHE +LAGUDARS) o 2

T aLaroR &
~—CHICHIN &'

iggarass

SHALKARS

GUNGRI
N w NIKIN +
> CHHUKY YANJAR THA
\ o
KHAD
l~ -)
N
\ -
JONGCHEN
* —TAPUK
o
2™

’ L . NARURCHE >
=T TTARN

RPR ‘. E‘
A WA
DESH

Fig. 1.0. Map of the Spiti Valley showing important
localities

Besides Mallet (1865), the mineral investigations in
the Spiti-Kinnaur area were carried out by Iyengar
(1949), Kathiara and Bhargava (1962, 1963), Kathiara
and Venugopal (1964) and Kathiara and Raina (1965).

The mapping on modern toposheets (1:50,000)
of this terrain was first undertaken along the main
Spiti and Parahio valleys by Srikantia (1974, 1981),
who classified various sequences under standard
lithostratigraphic subdivisions. These subdivisions,
specially those of the Palaeozoic rocks, have been
found to be valid upto Lahaul-Zanskar in the NW
(Srikantia ef al, 1978; Srikantia and Bhargava, 1982)
and also in Kinnaur in the east (Bassi, 1989).

The entire Kinnaur area lying to the east of
the Satluj in carlier maps was shown as a Precambrian
terrain. The Palacozoic and Mesozoic sequences in
this area were first reported in the Baspa Valley by
Bassi @nd Chopra (1978) and in the Gyamthing and
Hojis valleys by Bassi et al, (1983). The Palaeozoic-
Mesozoic sequence in Kinnaur shows clements
common to both the Kumaon as well as the Spiti
areas. The Kinnaur part forms the western limit of
the Kumaon Tethyan Basin.

Practically no systematic palaeontological stud-
ies have been undertaken in this area after those by
Reed (1910, 1912) and Diener (1890, 1907, 1908,
1912, 1915). Bhargava and Kathiara (1969). Jain e¢
al, (1972), Jain and Gupta (1973). Jain and Manniken
(1975), Bhatt and Joshi (1978a.b). Bhatt ef a/. (1981a,
b), Shah and Paul (1987), Goel (1977), Goel and
Srivastava (1978), Chopra er al, (1982). Mchrotra
et al, (1982), Kato et al. (1987). Goel et a/. (1981,
1984, 1987), Pant and Azmi (1983), Bhargava and
Bassi (1985, 1986. 1987) and Bhargava and Gadhoke
(1988) have provided local palacontological details.
Besides these, there are numerous publications on
the palacontology of Spiti-Zanskar and Kinnaur arcas
by VJ. Gupta and his associates (Talent et al, 1988.
1989, 1990 for detailed bibliography). However, none
of these was found to be reliable during a review by
the Geological Society of India (Anon, 1991) and
Shanker et al, (1993), hence not quoted here. The
biostratigraphic accounts of the Palacozoic rocks
are not enough 1o permit precise fixation of the age
limits of several formations, hence unsuitable for
modern zonations.
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1.1 LOCATION AND COMMUNICATION

Spiti and Kinnaur (Fig. 1.0) form the northernmost
out-posts of Himachal Pradesh. Spiti is bound in the
west by Lahaul, in the north by Ladakh and in the east
by Kinnaur and Tibet. Kinnaur has a common border in
the west with the Simla district, in the north with Spiti
and in the cast with Garhwal and Tibet. The NH-22
(Hindustan-Tibet Road) and the NH-21 (Manali-Leh
Road) pass through Kinnaur, eastern Spiti and Lahaul-
Ladakh areas. These roads are linked by the SH-30
(Sumdo-Kaza) and the SH-3 | (Kaza-Khoksar) through
'4547m high Kunzam Pass. The NH-22 between Simla and
Narkanda is located along the physiographic divide
between the Indus and Ganga systems. Beyond
Narkanda, it descends to the Satluj Valley and passes
through Nirth, Rampur, Wangtu, Karcham, Morang and
Pooh, whereafter it follows the Spiti River and connects
Khab, Chango, Shatkar and Sumdo. The NH-21 links the
Lahaul Valley with Manali through 3978m high Rohtang
Pass.

A few fair-weather link-roads connect Kaza,
the sub-divisional headquarters of Spiti, with Kibber,
Lalung, Guling and Dankar Gompha. The interior
of the Valley has to be negotiated on foot.

Not even well defined mule-paths exist in the
terrain where Palaeozoic-Mesozoic sequence is ex-
posed in the Kinnaur area. Most of the areas in
Kinnaur, except for a few roads linking Yangthang
with Nako and Leo, Khab with Namgiya, Shiasu
with Ropa, Spilo with Kanum, Morang with Thangi
and Powari with Kalpa and Karcham with Chitkul,
have to be approached on foot. The old Hindustan-
Tibet Road between Powari and Lippa provides access
to sorhe parts of the steep gorge of the Satluj.

1.2 CLUMATE

The Spiti-Kinnaur stretch, situated to the north
of the Great Himalayan Range, falls in the rain
shadow zone. It reccives but scanty rains during
the monsoon. The annual rainfall in the area is less
than 30cm which qualifies it to be classified under
cold desert. Like any other desertic area, there are
occasional heavy showers in Spiti-Kinnaur also.

This area witnesses prolonged winters between
Oclober and May, with frequent and heavy snowfall
from November to February. The annual average snow-
fall is 350cm; in certain valleys it even cxceeds 600cm.
The average humidity for most part of the year is less
than 30%: only during monsoon it locally touches 80%
in the lower reaches of the Kinnaur district.

Mem. Geol. Surv. Ind. Vol. 124

The southern part of the area, forming venturi
between the broad Tibetan Plateau in the north and
the broader valleys flanked by the lower hills of the
Outer Himalaya, receives northerly winds. These,
whipping up sand and dust, have an average veloc-
ity of 15 knots during the summer and 25 knots
during the winter.

The snow starts melting around June. The
summer months are, therefore, ideal for outdoor work.
However, being devoid of bridges, the Gyundi (Hal),
Ratang, Ullah, Pin (all in Spiti), Gyamthing, Tidong
and Arsomang streams, due to melting of snow,
swell to unfordable levels. The working period in
these valleys is, thus, restricted between mid-Au-
gust to September, when the melting of glacier is
considerably arrested due to fall in atmospheric
temperature.

1.3 HABITATION

The villages in the area are far and few with
sparse population. Both the Spiti and Kinnaur ar-
eas find mention in ancient Hindu scriptures.
Hidimba, one of the wives of Mahabharat-fame
Bhimsen hailed from Lahaul-Spiti district. The
chiselled featured inhabitants of Kinnaur have been
described as Kinners in the scriptures. The Pandavas,
during their proverbial journey to heaven, possi-
bly, passed through this area, leaving behind the
tradition of polyandry.

The main religion in southern Kinnaur is Hin-
duism, while in the northern Kinnaur and whole of
Spiti it is Buddhism. Traditionally the eldest son
and daughter take to family life; the younger ones
become lama (priest) and chomo (nun). The Spiti
Valley has the pride of having a 1000 year old
monastery at Tabo, which is now a protected monu-
ment. The Ki Gompha (Fig.1.2) in Spiti is a sort of
university where hundreds of /amas arc trained, who
after graduation, are deputed to different monaster-
ies in Lahaul, Spiti, Kinnaur and Ladakh.

1.4 PHYSIOGRAPHY

The Spiti-Kinnaur terrain, ensconced in be-
tween the Dhauladhar and the Great Himalayan
Ranges in the south and the Zanskar Range in
the north. constitutes one of the most rugged
and inhospitable terrains in Himachal Pradesh.
The Spiti and Kinnaur terrains arc dissected by
the mighty Satluj and its tributary, the Spiti (Fig.1.1).
The general altitude of this area varies from 1500m
10 6770m above m.s.1.
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Figs.ft.l = 1:6

Explanation of Figs. 1.1 - 1.6

Fig. 1. A view of Ki Gompha, Spiti Valley. Besides being a monastery it also serves as a seat of learning. Fig. 2.
Glaciers south of the Larsa Pass, Spiti-Kinnaur divide. Fig. 3. Binary glacier, Gyamthing Valley. Fig. 4. Hanging
Valley glacier, Mangsu La. Fig. 5. Semicircular cirque of a small glacier, Baspa Valley. Fig. 6. Glacial table (Gt) and
perched boulder (Pb), Baspa glacier.
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1.4.1 Ranges

The crests of three mountain ranges that vari-
ably encircle the region retain a perpetual snow
cover. The twin Leo-Pargial peaks fall in the Zanskar
Range. These soar to 6770m and 6608m respectively
and represent the highest elevation in the area. The
Manirang (6593m) and Kinner Kailash (6413m) peaks
are sited in the Great Himalayan Range. The height
of various peaks on the Dhauladhar Range varies
betwcen 4877m to 5791 m.

The main ranges SW of the Kinnaur-Spiti di-
vide trend in NW-SE direction with a gradual swing
1o E-W towards north. The trend continues upto
Losar on the right bank of the Spiti River. On the
leA bank. beyond the Lingti Nala, the ridges re-
swerve to NW-SE. The northern slopes of the moun-
tains are precipitous.

1.4.2 Glaciers

The Spiti and Kinnaur arcas, specially the latter,
are abode of numerous glaciers. These glaciers
(Fig.1.3) mostly originate at 5500m or above and
extend down to 4700m-4300m. The cirque floors, on
an average, occur at an approximate elevation of
5000m. The Baspa, Gara, Hania. Chor Gad and Lingti
are the most important glaciers of the area. All the gla-
cicrs are of the valley type, with a maximum length of
18 km (¢ g. Hania. Baspa) The larger glaciers have one
or more *ributary glaciers, forming binary or compound
glaciers respectively (Fig. 1. 4). Due to general reces-
sion, several tributary glaciers have become stranded
and arc confined to hanging valleys (¢.g. Mangsu La,
Fig. 1 5) Inthe zone of accumulation, the larger gla-
cicrs arc virtually ice ficlds. having well defincd semi-
circular cirques (Fig.1.6). The tributary glaciers are
mostiv replenished by avalanches and only a few have
thcir own cirques. Bergschrunds are common along
ice-cirque wall contact.

Thc ablation surfaces of glaciers from cirquc
to snout are replete with perched tables (Fig. 1 7)
as large as 3m x 3m x Im, undisturbed morainic
cones. dust wells as wide as 1.5m and 3m deep.
crevasses and englacial lakes (Fig. 1.8). The gap-
ing and tapering longitudinal and transverse joints
in the glacial body provide channel for surface
strecams. Some of these streams. due lo greater
depth and cxtension of longitudinal joints, be-
come subsurface and re-emerge downstream along
some other joint. Well rounded clasts found in
tvpical morainic material are due to action of such
intra-elacial streams.

The snouts of most of the glaciers are in the
form of 15m-20m high steep walls (Fig.1.8). These are
largely covered by rock fragments. The ice forming
the snout face shows banding due to impregnated
debris. These bands, owing to varying movement of
different parts of snout, show conspicuous fold pat-
terns. The snouts have one or more ice caves (Fig.1.8),
from which the subglacial streams emerge.

Seven terminal moraines, extendjng upto 200m
downstream of the present snout, are identifiable in
the Baspa Glacier. The lateral moraines, constituted
of angular clasts, occur along the flanks of the gla-
ciers. In the Baspa Bamak, undisturbed right lateral
moraine is observed for a couple of hundred metres
downstream of the snout. In the Tumur Glacier, a
three kilometre long lateral moraine ridge is pre-
served. Palaco-lateral moraines occur upto 200m
above the present glacial surface indicating the extent
of loss of ice volume. At the confluence of glaciers.
the lateral moraines, if present, merge to form median
moraine (e.g Baspa, Arsomang, Hania, Gara etc.).

The glacial movement causes extensive polishing
and grooving of the valley floor and the walls. In the
present glacial valley, such polishing has been ob-
served upto 2.5 km downstream of the snout of the
Baspa Glacier. Features reminiscent of roche noutonnee
have been carved over sandstone of the Kunzam La
Formation by the Baspa Glacier. Polishing and striations
are well preserved over the outcrops of the Takche and
Muth Formations (Fig. 1.9), exposed along the left bank
of the Spiti River at Takche.

A series of moraines lower down the present
day snout, stranded terminal moraincs and glacial
tables reveal that all the glaciers arc retreating. The
Jorya and Baspa glaciers have retreated at lcast by
300m (Ameta and Swain, 1982). and 750m (Bassi
et al, 1981) in 14 and 33 years respectively. The
average retreat rate, thus, works oul to 20m per
vear. This annual rate of retreat is, however. cumu-
lative and apparent, as the years of rctrcat arc inter-
spersed by glacial advance also

The present geomorphology cvolved with
remoulding of the pre-existing topography by glaciers
at the onset of the ice age Horns. cirques, scrrated
ndges and “U" shaped vallcys date back fo this stage.
Ameta and Swain (1982) bascd on floor level of
the cirques in the arca. suggested the existence of
an active orographic “Firn Line’ at S000 m 1n the
Western Himalaya The inflated and advancing
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Explanation of Figs. 1.7 - 1.11

Fig. 7. Englacial lake, Baspa Glacier, Kinnaur. Fig. 8. Steep faced Snout with cave, Arsomang Glacier, Baspa Valley.
Fig. 9. Quaternary glacial striations on the country rock, left bank of the Spiti Valley, near Takche. Figs. 10-11. Filled-
up fossil Valley of the Satluj (10) at Hojis confluence, (11) at Morang
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Explanation of Figs. 1.12 and 1.13

Fig. 12. U-shaped Spiti Valley, showing wide lacustrine terraces, view from down stream of Hal, Fig. 13. Narrow V-
shaped Baspa Valley in lower reaches, at Karcham.



Geology of Spiti-Kinnaur, Himachal Himalaya 7

glaciers extensively scoured and transported the rock-
waste, thus, widening the valley. De-glaciation retreat
in the lower reaches left large trails of morainic
ridges, drumlins and hanging valleys.

1.4.3 Drainage

" The Satlyj and its tributary, the Spiti, consti-
tute the main drainage of the area. The Satluj rises
in Tibet and cuts across the Zanskar Range to enter
India, close to the Leo-Pargial peaks and the Great
Himalayan Range in the vicinity of the Kinner
Kailash. The Satluj has an asymmetrical and ob-
lique course as related to the Himalayan Ranges. It
follows a NE=SW course,whereas, its tributaries flow-
ing in NW-SE direction join it at right angles form-
ing an orthogonal trend. The low order streams show
dendritic, whereas, the Satluj and its principal tribu-
taries form trellis patterns. The Satluj course is replete
with fossil valleys, some of which can be observed
at Pooh near Hoyjis confluence (Fig. 1.10), at Morang
(Fig.1.11) and Shongtong. These occur at 5 m (at
Morang) to 300m (at Hojis confluence) above the
present day river bed. The fossil valleys mainly
occur along the left bank. The Satluj shows ero-
sional terraces along the eastern bank indicating a
westward shift of the river. Major nick points exist
between Pooh and Karcham.

The sharp elbow turn of the Satluj, at its
confluence with the Spiti at Khab, indicates captur-
ing of the valley of the latter by the former (Small,
1970). As the level of the Satluj bed is higher than
that of the Spiti, the piracy, possibly, occurred due
to headward erosion through some subsidiary tribu-
tary across the Zanskar Range. The observation tends
1o suggest that the Satluj, perhaps, is not an ante-
cedent river in a classical sense.

The Spiti River rises along the eastern slopes of
the Kunzam Range, from where upto Hal it flows in E-
W direction, whereafter, it has a NW-SE course up to
Dankar. Beyond Dankar, it reacquires an E-W course.
From its source to Sonam (Soman), the Spiti occupies
a broad U-shaped valley (Fig.1.13). Downstream of
Sonam and upto Sumdo, it flows through a rathec nar-
row gorge. At Sumdo, near its confluence with the Pare
Chu, it takes an abrupt turn to south suggesting pi-
racy of the Pare Valley (Ameta, 1979). The nick points
in the Spiti and its tributarics, the Pin-Parahio and Lingti,
occur between 3500-3700m.

The Baspa is the next important tributary of
the Satluj. It originates in the Dhauladhar Range
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Fig. 1.14. Broad U-shaped Baspa Valley in upper reaches,
upstream of Dunthi (Sketched from a photograph).

and has a wide ‘U’-shaped valley in the upper reaches
with local braided channels and ‘V’-shaped in the
lower reaches (Fig.1.14). The other important tribu-
taries in Kinnaur are the Ropa, Taiti, Kashang,
Mulgaon, Yula, Wangar, Tidong, Gyamthing, Hojis
and Titan.

The main tributaries of the Spiti, in order of
decreasing importance, are Pin-Parahio, Gyundi, Shilla,
Lingti, Ratang, Yulang and Lipak. All these have
*U’-shaped valleys, especially in the upper reaches
(Fig.1.15). Several of these show fossil valleys
(Fig.1.16).

1.4.4 Lakes

Though there are several palaeo-lake beds, only
two still retain water. The Yang Tso is located in
the Spiti Valley along the course of the Yang Nala.
Further down below, the stream emsuing out of it
leaps into a water fall. It shows evidence of consid-
erable shrinkage in the form of a vast dried lake
bed (Fig.1.17). Another small subcircular lake is
located at Nako village. Excellent lacustrine clay
bed is exposed at Ganfa (Fig.1.18).

1.5 GEOTHERMAL RESOURCES

Numerous hot springs are known in the Spiti
and Kinnaur areas. Those in the Kinnaur part are
located along the Satluj Valley and in the Spiti along
the Pare Chu. In folklore many of these springs are
considered to be of therapeutic value. Shankar and
Prakash (1977), Das (1982), Prakash and Bajaj (1983)
and Jangi and Bajaj (1984) have examined various
hot springs of the arca.

Various attributes of these springs are sum-
marised in table 1.1.
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Figs.1.I5=1.18

Explanation of Figs. 1.15 - 1.18

Fig. 15. U-ghaped Parahio Valley, upstream of Kaga Nala confluence. Fig. 16. Filled up fossil Valley of the Puri
Lungpa - a tributary of the Spiti River. Fig. 17. Dried up lake bed of the shrinking Yang Tso, along the course of
the Yang Nala. Fig. 18. Lacustrine clay deposits, Loc. Ganfa.



Table 1.1

SPECIFIC CHARACTERISTICS OF HOT SPRINGS IN KINNAUR-SPITI AREA
(Compiled after Shanker and Prakash, 1977; Das, 1982; Prakash and Bajaj, 1983; Jangi and Bajaj, 1984)

Hot Spring River Valley Height from Rock Formation Temp. in pH Discharge Salts at TDS in spring water Sp. Base temp. in
River bed °c livmts. Orifice and type of water Conductivity | celcius
mhos (Na-K-Ca
thermometry)
Baru .emerges through over | Panchhot Khad 350m Gneiss, schist 40°C 7.8 25 TDSI 300m/lit 1996 83.5°
burden (Satlyj Valley) (Jeori-Wangtu
Gneissic Complex)
Tapri (a) Satluy .near Tapri 2m Gneiss, schist 32° 8 10 SulPhurous | TDS 255 325 91°
(Jeori-Wangtu
Gneissic Complex)
(b) Satluj 2 km 40° 81 10-20 TDS 268 310
upstream of Tapni
Karcham  (a) Satluj downstream Im Quartzite .Schist 48° 16 50 TDS 1280 1783 181°
of confluence with (Jutogh Group)
(b) Baspa 30m 40° 79 25 TDS 1203 NaCl 1741 183°
type
Thopan. along NW-SE a, b Satlu) (right stroad level | Gneiss (Kharo 42° 8 100 SulPhurous | TDS 362 456 59°
Jjoints bank) near Gneiss) (cumula-
¢. d Thopan Dogni 10m above a tive for
&b four
springs)
Baren Right bank of Satluj — Gneiss (Kharo 28° 8 s SulPhurous | TDS 1576 2123 178°
near Baren Dogni Gneiss) Ca-HCOj4 type
Skiba, through Quatemary Lefi bank of Satluj Sm Rakcham granite 50° 75 75 TDS 671 530 81.7°
sediments
Chusa (Sumdo ) scattered Right bank of 83 Schist (Morang 29-59° 7.1t0 | 1000 SulPhurous | 3955-4280 4990 84.4°
over 3.8km, emerges PareChu Formation) 74 (cumu- 5205
through overburden near lative for
Kaurik Fault. 33
springs)
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1.6 PRESENT WORK

The present publication gives the geological
account of Spiti and Kinnaur based on surveys carmed
out by the authors. In this venture, R.N. Srivastava
and S K. Gadhoke were associated in the Spiti Valley
during 1982-83 and 1983-84 respectively. Both of
them carried out section measurements, while the
mapping was carried out by O.N. Bhargava (Bhargava
and Srivastava, 1983; Bhargava ef al, 1984, 1985,
1987, 1991; Bhargava and Gadhoke 1985, 1988).
U.K. Bassi, S. Chopra, B.M. Dutta, Late AK.
Chattopadhyaya, A. Banerji, 1. Singh and Des Raj
(Year-wise details are furnished in mappers’ index)
were associated in Kinnaur and parts of Spiti and
Ladakh (see inset in Sheet No.2).

Despite construction of roads along the main
valleys, the tributary valleys and the divides in
between these still remain inaccessible or extremely
difficult to negotiate. With such physiographic con-
straints, the mappable stratigraphic sub-divisions
adopted in this work are such which provide colour
and/or lithologic contrasts. Of these, the latter is
excellently manifested in the physiographic expres-
sions of the area. Both these help in identifying
different lithounits of inaccessible areas from dis-
tant vantage points (e.g. triangulation points) and
also in the aerial photographs. The Spiti Valley is
sparsely populated, hence there are very few locali-
ties which can be utilised for naming the forma-
tions. It is quite often that no geographical name
exists in the vicinity of good stratigraphic succes-
sion of a particular formation. Also some of the
well ' known localities (e.g. Thango, Lagudarsi Pass,
Charana Pass) are not marked on the topographic
maps. These limitations have resulted in naming of
a few formations after the localities which do not
afford their best sections. Takche, Gechang, Kioto
and Chikkim Formations are such examples. For
lithostratigraphic groupings, the transgressive and
regressive cycles, with due emphasis on
unconformities, have been taken into consideration.
However, formations which show local overlaps or
questionable breaks (e.g. base of Gungri Formation),
have been tentatively classified under the same

group.

At the time the present authors commenced
mapping, at least three lithostratigraphic classifica-
tions existed (Table-1.2a & b). Nanda and Singh
(1976) used the names Phe, Karsha, Thaple and
Kenlung for Cambrian, Ordovician, Silurian and well-
known Muth Quartzite respectively. No stratigraphic

thickness of the newly proposed formations as re-
quired by the Code of the Stratigraphic Nomencla-
ture was furnished by these authors. The Phe For-
mation, representing undifferentiated Batal Forma-
tion and non-calcareous part of the Kunzam La
Formation, is ill-defined. The name Karsha in type
area represents carbonate sequence of the Kunzam
La Formation of Middle Cambrian age and is not
mapable in Spiti-Kinnaur. Moreover, Karsha and
‘Silurian Limestone’ have been interchangeably used.
The Thaple Formation of Nanda and Singh (1976)
represents green, grey, red and purple slate with
partings of calcareous sandstone followed by con-
glomerate, red and purple, highly calcareous sand-
stone overlain by conglomerate. This, presumably,
represents a part of the Thango Formation of Srikantia
(1974, 1981), though no reference is made by Nanda
and Singh (1976) of the enormous thickness of
quartzite sequence found at this level. The Thaple
Formation is overlain by the Kenlung Formation
(=Muth Formation) and no mention has been made
by Nanda and Singh (1976) of any sequence equiva-
lent to the Takche Formation, which is developed
between the Thango and Muth formations. The name
Kenlung and Tanze for well-known Muth and Lipak-
Po formations respectively are obviously superflu-
ous. Due to these ambiguities, the nomenclature
proposed by Nanda and Singh (1976) has not been
adopted in the present work. Goel and Nair (1977,
1982), in localised section, used Shian Quartzite,
Pin Limestone and Thanam Limestone for the
Ordovician sequence. The mappability of these units,
as required by the Code of Stratigraphic Nomencla-
ture, was not established. Moreover, limestone is
only locally developed in the 'Pin Limestone’, as
defined by Goel and Nair (1977, 1982). Of late,
Ranga Rao et al, (1987) added a few more new
names like Losar Conglomerate for the Ganmachidam
Formation of Srikantia (1981). This conglomerate
is neither exposed at Losar nor was there any need
for a new name. For the Palacozoic sequence, the
lithostratigraphic nomenclature proposed by Srikantia
(1974, 1981), the mappability of which has been es-
tablished over the entire Spiti-Zanskar and Kinnaur
basins have, therefore, been adopted.

The subdivisions of the Lilang Group, as pro-
posed by Srikantia (1981), however, could not be
adopted as various formations proposed by him
comprise mainly the carbonates and, more or less,
have identical lithology. No mention is made of
sequences which are predominantly argillaceous or
arenaceous (e.g. Kaga, A and C Members of
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Sanglung, Alaror and Nunuluka of the present clas-
sification). Besides being poorly defined, the thick-
ness of each formation seems unrealistic and diffi-
cult to match with the units actually mapped in the
entire Spiti Valley (Bhargava,1987). The basal most
Tamba Khur Khur Formation of Srikantia (1981), for
example. is 500 m thick. With this thickness the
Tamba Khur Khur Formation alone shall swallow the
entire Mikin, Kaga, Chomule Formations, and a pant
of the Sanglung Formation (whole of Member A and
a part of the Member B). However, the youngest
fossil in the Tamba Khur Khur Formation is
Hedenstroemia, implying that it represents only a
part of the Mikin Formation. Thickness-wise, the
Hanse Formation (350m) seems to represent part of
the Member B and whole of the Member A of the
Sanglung Formation but, as per fossil contents, it
includes part of the Kaga Formation and whole of
the Chomule Formation. Likewise, as per thickness,
the Nimoloksa (300m) possibly includes the Hangrang
Formation and a part of the presently defined Alaror
Formation, but the fossil contents indicate in it the
presence only of the Members A and B of the

Sanglung Formation.. The Alaror Formation (100m)
of Srikantia (1981), according to thickness, includes
perhaps part of the present Alaror Formation and
whole of the Nunuluka Formation, whereas, as per
fossil contents it includes the Member C (Sanglung
Formation), and Hangrang, Alaror and Nunuluka
Formations. The Simokhambda Formation of Srikantia
(1981) is same as the well-known Kioto. Thus, none
of the formational names suggested by Srikantia
(1981) can be adopted. However, due to dearth of
locality names, the term Alaror has been retained
afier redefinition. The classification of the Lilang
Group, suggested by Srikantia (1981), was informal
as he did not map various formations even in a
small stretch. The formations, as proposed by
Bhargava (1987), thus, have been adopted in the
present volume. The present volume is mainly de-
voted to the Eocambrian-Cretaceous sequence. Only
a passing reference is made to certain crystalline
formations which marginally crop out in the Kinnaur
pant. However, the Vaikrita Group, which forms the
bascment for the Tethyan succession, has been dealt
with in some detail.



2. STRATIGRAPHY

Table-1.2a and b and insets in Plates 1 (Sheets
2 and 4) give a generalised order of superposition
of the rocks of the area. The ages assigned to vari-
ous formations here, due to lack of precise fossil
control, are broad based. Of all the lithostratigraphic
units described here, only the Nugalsari and Kilba
Formations have been informally used.

2.1 EARLY PROTEROZOIC
2.1.1 Jeori-Wangtu Group

The Jeori-Wangtu Group, which is a succes-
sor of the Jeori-Wangtu Gneissic Complex (Bhargava,
1982), is equivalent to the Bandal Granitoid Com-
plex. These complexes yielded Rb-Sr isochron ages
of 2025 + 86 Ma (Kwatra et a/, 1986), 1840 + 70 Ma
(Frank et al, 1977) and 1220 + 40 Ma (Bhanot ef al/,
1982). It is regarded as a basement complex (Bhargava,
1982), which has been reworked from time to time
during the Precambrian.

The rocks of this group are excellently ex-
posed between Jakhri-Jeori-Wangt:-Karcham and
are mainly represented by gneiss. This group is
divisible into two formations, viz. Nugalsari and
Kilba (Bassi, 1988a) .

2.1.1.A Nugalsari Formation

It comprises migmatised greyish pelitic gneiss,
minor schist, quartzite and lenses of marble. The
gnceiss is composed of quartz, K-felspar, biotite,
sphene and opaques with local zones of bladed
kyanite and radiating clusters of sillimanite. Tremolite
and wollastonite are common in the marble. This
formation shows an intercalated contact with the
overlying Kilba formation.

2.1.1.B Kilba Formation

This formation is more extensively devel-
oped. It is made up of porphyroblastic gneiss.
The porphyroblasts are of felspar and quartz which
vary in shapc from rounded eggs, augen to rec-
tangular. Lenticular bands of metaconglomerate,
reported from Jeori area (Bhargava, 1982), also
possibly form part of this formation. Near Choling,
the gneiss encloses epidote-zoisite-hornblende rock.
Thin bands of quartzite and schist form common
xenoliths. The schist xenoliths contain staurolite
and kyanite.

The vein quartz in the rocks of the Wangtu

Group, as observed at Wangtu, locally contains
fluorite. Amphibolite occurs as concordant bodies
along the foliation plane and also as xenoliths in-
the Kilba Formation. Some of the xenoliths show
folded foliation plane (Fig.2.1).

The Jeori-Wangtu Group has been regarded to
form basement for the overlying Rampur Group
(Bhargava and Ameta, 1987). The western contact of
this group with the Rampur Group is in the form of a
reverse fault (e.g. at Jakhri), whereas, along the east-
ern and NE contacts, the Rampur Group
stratigraphically succeeds it along a decoupled contact.

The presence of staurolite, kyanite and silli-
manite indicates acquisition of upper to lower
amphibolite facies of metamorphism by the rocks
of the Jeori-Wangtu Group.

2.1.2 Rampur Group

This group encircles the Jeori-Wangtu Group
and is exposed in the Rampur-Larji Window
(Bhargava ef al, 1972; Sharma, 1977).

It is divisible into three formations, viz. (a)
Bhallan (b) Green Bed and (c¢) Manikaran Forma-
tions (Sharma, 1977). Of these, only the Manikaran
Formation is exposed in the Kinnaur area, near
Karcham. The quartzite of the Manikaran Formation,
in most of the area, is strongly cross-bedded and
shows variations in colour from white, pale white to
pale green and light pink. It bears epigenetic
remobilised uraninite mineralisation, which has been
dated at 1200 Ma and 700 Ma by Pb-U method
(Narayan Das et al, 1979). The volcanics
interstratified with the Rampur Group, on being dated
by Sm-Nd method, have yielded a whole rock
isochron age of 2510 + 9 (Bhat, 1990). The Jeori-
Wangtu Group, which forms the basement of the
Rampur Group, would thus be still older. The forma-
tions of the Rampur Group are characterised by
chlorite, biotite and rare garnet indicating green schist
facies metamorphism.

2.2 PRECAMBRIAN CRYSTALLINE
SEQUENCES OF UNCERTAIN AGES
Under these are included the crystalline rocks
which enclose Precambrian granitoids. The crystal-
line rocks are certainly older than the granitoids,
but their exact age still remains to be ascertained.
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2.2.1 Kulu Group

It rests over the Rampur Group along the Kulu
Thrust and, in turn is, followed by the Jutogh Group
along the Jutogh Thrust. These rocks were earlier
referred to as the Chail and Jutogh (Jangi and Gaur,
1975; Gaur and Ameta, 1979; Tewari ef al, 1978),
Salkhala (Srikantia and Bhargava, 1974; Bhargava,
1982; Bhargava and Ameta, 1987). However, dur-
ing a regional mapping reappraisal, these were found
to be different from all the aforementioned rock
groups and thus were classified under the Kulu Group
(Bassi, 1989b).

The Kulu Group is divisible into (a) Khamrada
(b) Gahr and (c) Khokan Formations (Sharma, V.P,,
1977). In the Kinnaur area, only the first two for-
mations are exposed. The Gahr Formation at Baragaon
has yielded a Rb-Sr isochron age of 1430 + 150 Ma
(Bhanot ef al, 1978).

2.2.2 Jutogh Group
It succeeds the Kulu Group along the Jutogh
Thrust.

The rocks of the Jutogh Group include chlorite,
biotite in basal part and garnet, staurolite, kyanite
in upper part, indicating metamorphic facies varia-
tion from green schist to amphibolite. In the present
area, however, mainly biotite, gamet with occasional
staurolite are developed.

2.2.3 Vaikrita Group

The name Vaikrita was originally suggested
by Griesbach (1891) for the schists overlying the
gneiss and underlying the Haimanta Group. This
term fell in disuse after Hayden (1904) stated that
the *Vaikrita' along strike merges with the Haimanta,
of which it is a more metamorphosed equivalent.
The term Vaikrita was later used by Sharma, K.X.,
(1977) in the Kinnaur area. It was during a revision
mapping programme that an independent entity of
the Vaikrita, separate from the Jutogh and the
Haimanta could be established (Bassi, 1989b). The
term Vaikrita is used herc in the sense of Griesbach
(1891) and is being accorded a group status. In the
redefined Vaikrita Group are included felspathic
gneiss, schist, quartzite and migmatitic rock resting
above the Jutogh Group along a thrust. It is well
cxposed between upstream of Shongtong (Satluj
Valley) and Giumdo (Lower Spiti Valley) and along
the Pare Chu gorge.

This succession incorporates “metamorphosed

Haimanta” of Hayden (1904). Mchbar and Mangling
Gneisses of Tewari et al, (1978) and " Vaikrita’ of
K.K. Sharma (1977). Granitoids of carly Palaeozoic
and Cretaceous ages occur within the Vaikrita Group.

The Lower contact of the Vaikrita Group with
the Jutogh/Kulu Group is dclincd by the Vaikrita
Thrust, whereas, its upper contact with the Haimanta
Group is interpreted here as an unconformity. The
Vaikrita Group in Spiti-Kinnaur has been divided
into Kharo, Morang and Shiasu Formations.

2.2.3.A Kharo Formation

It comprises schist, quartzite, local marble,
gneiss and migmatitic rocks with best exposures
between Shongtong and Kharo along the NH-22.

The sillimanite, kyanite bearing biotite schist,
interstratified with dark grey quartzite, occurs in the
basal part and is exposed near Shongtong. This
sequence is intruded by both basic and granitic rocks.

The gneissic rocks are inter-layered with argillo-
arenaceous metasediments towards the base. In the
Thopan-Kharo-Khadra section, as well as in the
Batsering section (Baspa Valley), the gneiss devel-
ops migmatitic character. Local conc¢entration of
amphiboles around quartzitic lenses is common in
this sequence. Marble and calc-silicate bands of
limited thickness are exposed near Rarang and Kharo.

In its tectonic position and lithologic compo-
sition, the Kharo Formation is correlatable with the
Rohtang Gneissic Complex (Srikaniia and Bhargava,
1982) and Kulti Formation of Prashra ef a/, (1988)
of the Manali-Lahaul area.

2,2.3.B Morang Formation

This name is suggested for a sequence of schist
and quartzite, which is exposed between Akpa and
Spilo along NH-22, with best exposures at Morang.
It is also exposed in the Spiti Valley between Khab
and Giumdo (barring Leo and Ganfa-Shalkar stretch)
and along the Pare Valley. Its further extension in
the tributaries of the Satlyj is limited due to wrap-
ping by the overlying sequences along the antiformal
flanks.' These rocks were earlier referred (o as the
Maldi Formation (Bassi and Chopra, 1983). The
term ‘Maldi’ is considered a misnomer, as this vil-
lage is not only remotely located but is also not
situated on this formation. Since ‘Maldi Formation®
has not found much usage, it is being dropped in
favour of a better defined Morang Formation.
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Along its lower contact is the Rakcham Granitoid
occurring in between the Kharo and Morang Forma-
tions. Its upper contact with the Shiasu Formation
is gradational. At Thangi, it is unconformably suc-
ceeded by the Haimanta Group of rocks.

The Morang Formation comprises sillimanite,
kyanite, staurolite, garnet, biotite, sericite schist, and
grey quartzite and schistose quartzite with local
calcsilicate, carbonaceous and pebbly rocks and fre-
quent basic sills. Garnetiferous schist is particularly
observed in Morang-Spilo, Morang-Thangi, Jangi-
Kanum, Titan Khad, Khab-Kah Dogri, Namgiya-
Tashigang- Shipki and Maling-Chango sections.
Staurolite schist is exposed near Morang Fort, Tirung,
Khab and east of Chango. A quariz-calcite-staurolite
vein is exposed along the tract to Shipki La, four kilo-
metres from Namgiya. Kyanite schist is developed at
Morang Jhoola. Jangi. Duba Khad and sporadically
between Khab and Kah Dogri. The kyanite blades, as
observed two kilometres north of Dabling along NH-
22, have been affected by the F, folding. Sillimanite
has restricted development. It is exposed at (i) 500m
south of Khab along the road cutting as radiating clus-
ters conslituting about 40% of the grey coloured schist
(1i) 1.5km SE of Nako associated with calc-silicate and
hornblende rich rock. Tourmaline is profusely dcvel-
oped in schist near Khokpa and Dabling.

The calc-silicate lenses occur in Nako and
Morang Naia sections. Khab Dogri and east of
Maling. Carbonaceous schist lenses crop out at
Khokpa. Kanum and Maling. Small lenticular peb-
bly rock occurs within the schist north of Thangi.
near PWD Rest House at Pooh, Dabling, Khab, three
kilometres south of Khab Dogni and three kilome-
tres north of Shalkar. The clasts are Rattened and
are of vein quartz, quartzite, schist, chlorite schist
and gneiss.

2.2.3.C Shiasu Formation

An arenaccous sequence, exposed between
Telingkyu and Dabling in the Satluj Valley and
between Shiasu and Giabong in the Ropa Valley is
designated as the Shiasu Formation. This formation
occurs in the core of an overturned synform and
has limited exposures. Towards NW as well SE, it
gets overlapped by the rocks of the Haimanta Group
duc to an unconformity.

The Shiasu Formation comprises grey and
greenish, finc grained quartzite with thin biotite schist
interbands. The quartzite, specially along the left

bank of the Titan Khad, shows extensive cross-
bedding. The cross-beds are about five to eight
centimetres thick and show low angle torrential and
asymptotic types of cross-beddings. Near Hojis
Lungba-Satluj confluence, the cross-beds have a
thickness of 50cm. The ripple marks preserved in
the quartzite are oscillation, current and interfer-
ence types (Fig.2.2).

The rocks of the Vaikrita Group, especially
those of the Morang and Shiasu Formations, show
common occurrence of light coloured hornblende
garbenschiefer, which has varied mode of occur-
rence (Fig.2. 3 & 2.4). At Tirung, these occur as two
to five centimetres thick slabs within the kyanite
schist. Normally the hornblende garbenschiefer occurs
as 15 cm to five metres discontinuous lenses along
the foliation plane (Fig.2.3), more or less at the same
stratigraphic level. At a few places (e.g. near Shiasu),
hornblende garbenschiefer occurs along the cross
beds.

The Vaikrita Group of rocks enclosing biotite,
gamet, staurolite, kyanite and sillimanite show lower
to upper amphibolite facies metamorphism. The grade
of metamorphism in the Vaikrita Group of rocks,
unlike that of the Kulu and Julogh Groups, falls
towards the physical top. which is also the
stratigraphic top. The metamorphic minerals in the
Vaikrita Group are at least of two generations imply-
ing two phases of metamorphism. A brief descrip-
tion of these minerals and their relationship with the
rock fabric is given below :

a) Quartz : It occurs as (i) granulated and
aligned parallel to the S, foliation plane (ii) as
porphyroblasts oblique to the S, plane.

b) Biotite : It is found parallel to S, as well
as S, planes. Some biotite occurs as porphyroblasts
cutting across the S, foliation and are possibly parallel
to S, plane. The biotite of the later generation does
not show much alteration.

c¢) Garnet : [t is found as (a) extensively
granulated and aligned parallel to foliation, (b) snow-
ball showing continuous Si and Se planes with re-
spect to 8, foliation and (c) idioblaslic, inclusion
free and helicitic grain as rims over snow-ball gar-
net and also as independent grains across the S,
plane. The first two types show extensive altera-
tion, while the last one is only marginally altered.

d) Staurolite : It is found as anhedral grains
showing inclusion of quariz, biotitc and garnet along
the cleavage plane. Its relationship with the foliation



Geology of Spiti-Kinnaur, Himachal Himalaya 17

Explanation of Figs. 2.1 - 2.6

Fig. 1. Raft of amphibolite showing folded foliation plane, near Urni. Fig. 2. Ripple marks in the Shiasu Formation,
Dabling. Fig. 3-4. Hornblende garbenschiefer in the Vaikrita Group 3. eye-shaped at Dabling. 4. interstratified,
lenticular at Jangi. Fig. 5. Ripple bedding and low angle truncation in the Batal Formation, Patseo section (Lahaul).
Fig. 6. Plagiogmus sp. in basal part of the Kunzam La Formation. Loc. Parahio Valley, opp. Moppo. (Bar scale
is 10 cm).
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Fig. 2.7. Generalised sketch geological map of the Himachal Himalaya (modificd after Bhargava et al, 1991a). Expl:
1. Jeori-Wangtu-Bandal Gneissic Complex (Early Proterozoic). 2. Kulu Group, 3 Jutogh Group. 4. Vaikrita Group
(2-4 of uncertain Proterozoic age). 5. Parautochthonous Precambrian-early Cambrian Lesser Himalayan Sequences,
6. Batal (= Manjir-Katarigali) Formation (Eocambrian). 7. Tethyan (Palacozoic-Mesozoic). 8. Subathu-Kasauli For-
mations (Palacogene) and 9. Siwalik Group (Neogenc).
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is not clear. It occurs parallel to S,, which at places
due to transposition, has become parallel to S, plane.
It also shows helicitic structure.

¢) Kyanite : Its relationship with the S, plane
is also not clear. It has two habits (i) parallel to and
also folded along S, foliation and (ii) in clusters,
commonly bluish coloured associated with quartz
veins and having haphazard relationship with the
foliation.

f) Sillimanite: It occurs as clustered pris-
matic grains (Fig.3.1) often warped along the biotite
associated with garnet.

The mineral-foliation relationship indicates
following metamorphic episodes.

a) First (M, ) metamorphism : Chlorite, granu-
lated and snow-ball garnet, biotite defining S, plane
were formed. It varied from early to Syn-F, folds
(D, deformation).

b) Second (M,;) metamorphism : Idioblastic
inclusion-free porphyroblasts of garnet and quartz,
biotite parallel to S, and possibly staurolite and
kyanite, which are certainly post-S, plane, were
formed. This could be pre - F, in a static phase
between F, and F, or eatly F, as suggested by Naha
and Ray (1971) in case of the Jutogh Group of
rocks.

¢) Third (M, ) metamorphism : Porphyroblasts
of biotite seem to be related to the development of
S, planes. Along with this phase possibly also oc-
curred the retrogressive metamorphism. It lefl biotite
phorphyroblasts unaffected.

2.3 EOCAMBRIAN - PALAEOZOIC
2.3.1 Haimanta Group

The term Haimanta, originally suggested by
Greisbach (1891), was adopted by Srikantia (1981) in
his lithostratigraphic groupings. He classified the
Batal, Kunzam La and Thango Formations under the
Haimanta Group. As the Thango Formation has been
found to be separated from the Kunzam La Forma-
tion along a regional unconformity, it has been
separated from the Haimanta Group. The presently
defined Haimanta Group thus includes only the Batal
and Kunzam La Formations. In the present narra-
tion, only those fossils which have been detected
during the present survey or those which have been
utilised in palacoenvironmental or stratigraphic in-
terpretations have been mentioned. For a complete
checklist of fossils, already known, a reference may

be made to Pascoe (1968),

2.3.1.A Batal Formation

It derives its name from a place at the foot of
the Kunzam Pass in the Chandra Valley. Its basal
contact with the Vaikrita rocks has been variously
considered as gradational (Srikantia, 1981) and tec-
tonic (Gaetani e/ al, 1985). The Batal Formation
along a low dipping contact overlaps the steeper
contact of the Morang and the Shiasu Formations
one kilometre upstream of Spilo and near Pooh.
This relationship clearly brings out a regional and
angular unconformity between the Batal Formation
and the underlying Vaikrita Group (also see struc-
ture). Tectonic contacts do exist between the Batal
and Vaikrita rocks. These are both due to original
basinal structures (see basin evolution) and also to
post-depositional deformation of the sequences (e.g.
in Batal type area). The upper contact of the Batal
Formation with the Kunzam La Formation is interca-
lated.

The Batal Formation is identifiable from a
distance by its darker shade and well developed
bedding with reference to the underlying lighter
coloured Vaikrita rocks and the overlying Kunzam
La rocks.

This formation is developed throughout the
Spiti Valley. Towards SE, the Batal Formation, has
been cut off by the Kaurik Fault Complex near Leo
in the lower Spiti Valley. East of the Satluj, in
Kinnaur, it is exposed as a crescent-shaped outcrop
between Shipki in the north to the Jadhganga Val-
ley in the southeast. It maintains more or less a
uniform thickness except in the Baspa Valley where
its basal part has been digested by the Rakcham
Granitoid.

The rocks belonging to the Batal Formation
were carlier referred to in Kinnaur as the Hilap
Formation (Bassi ef a/, 1983), which in fact also
included the Kunzam La Formation. In Lahaul, rocks
carlier mapped as the Batal Formation between Tandi
and Jispa (Srikantia and Bhargava, 1979) are pos-
sibly the equivalent of the Morang Formation..
Possibly only small thickness of the Batal Forma-
tion exists below the Tandi Group; towards north-
west the Batal Formation is exposed beyond Darcha
(Fig.2.7).

The Batal Formation comprises a thick sequence
of carbonaceous slate/phyllite, meta-silistone and
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slate, interstratified with white to greyish white lo-
cally boudinaged quartzite, local grit/conglomerate,
Calcareous bands and basic volcanic rocks. Pyrite is
sporadically disseminated in the dark grey slates.
The base of the Batal Formation is mostly defined
by a carbonaceous bed. Its upper contact has been
delineated where greenish-grey slate/shale, siltstone
predominate.

The basal part is dominantly pelitic while the
upper part has psammitic component. The rocks,
towards the upper part, gradually become less
carbonaceous and are lighter coloured. The
carbonaceous slate/phyllite are, at many places,
interstratified with siltstone and chert bands.

The conglomerates in the Batal Formation, in
the Spiti Valley, are developed mainly in the basal
and middle parts, whereas, in the Tidong, Baspa,
Hojis and Gyamthing sections, these occur persist-
ently in the upper part as discontinuous lenses. The
clasts in grit/conglomerate are mostly rounded and
flat and made up of quartzite, vein quartz, slate and
schist, embedded in an argillaceous matrix (chloritic).
Locally the clasts are as large as 70cm (e.g. 1.5km
north of Giabong). The clasts of phyllite and schist
show foliation oblique to the matrix. A schist clast
at Murmur Dogri shows tight folding. The matrix-
clast ratio is around 3:1. The calcareous rocks in
the Batal Formation are exposed near Murmur Dogri
(Hojis Valley).

The basal part of the Batal Formation in the
Parahio, Wangar, Raura, Tidong and Baspa Valleys
is intruded by the early-middle Palaeozoic Rakcham
Granitoid which contains xenoliths of the country
rock.

Large roof pendants of the rocks of the Batal
Formation occur in the Tidong and Baspa Valleys.
The country rocks near granite contact show quartz
veins, recrystallised biotite and tourmaline. The
carbonaceous rocks have developed hornfelsic tex-
ture with carbonaceous matter segregated around
subrounded quartz grains.

The Batal rocks show a few metres thick fin-
ing upward cycles; where the cycles are thick, the
sand-shale alternations are conspicuous. Major sand
beds are only a centimetre thick; within the cycle,
ripple layers (Fig.2.5) are arranged in decimetre-
scale and show low angle truncation (Fig.2.5). Len-
ticular bedding is found in shale-rich part, which

also shows layered rhythmite of silty-fine sand and
silty shale. Besides these. several one to six centi-
metres thick graded layers, stacked one over an-
other, are present. These internally show prolific
sub-parallel lamination and sporadic rippled lamina-
tion. Low angled cross-bedding, which is quite
common in decimetre-thick unit, shows an inclina-
tion between 5° and 10° along the discordant sur-
faces. The fine grained sandstone units are 20-40cm
thick and are separated by one to two centimetres
thick rippled drapes. Towards the stratigraphic top,
the cycles become thicker and show coarser sediments
as compared to lower units.

Petrographic studies of rocks across the
Vaikrita-Haimanta contact by Bassi (1988a) revealed
existence of three metamorphic episodes in the
Vaikrita rocks and only one in the Batal rocks. It is,
however, not clear whether the retrogressive meta-
morphism of the Vaikrita Group was a prograde event
in the rocks of the Batal Formation.

The cyclicity observed at Batal bridge is shown
in Fig.2.8A and Appendix-I.

Age : By virtue of its position below the low
early Cambrian trace fossil horizon of the Kunzam
La Formation (Bhargava et al, 1982), the Batal For-
mation can be assigned a Vendian age.

2.3.1.B Kunzam La Formation

This name was suggested by Srikantia (1974,
1981) after the Kunzam La. Nanda and Singh (1976),
during their traverse to Zanskar, included the Batal
and a part of the presently defined Kunzam La
Formation in their Phe Formation; the upper part of
the Kunzam La Formation was referred by these
authors under the Karsha Formation. These terms
are not properly defined and cannot be.adopted.
The type section suggested by Srikantia (1981),
however, is structurally complicated, hence is not
ideal for stratigraphic work. Better sections are
available near Moppo (Parahio Valley) and Tariya
(Pin Valley). The Kunzam La rocks, together with
the Batal in the Jadhganga Valley, were mapped as
Nelang Formation (Puri, 1982). Further east, these
rocks form upper-most part of the Martoli sequence.
The upper-most part of the Kunzam La Formation
is also described as the Suti Formation (Bassi and
Chopra, 1978).

The Kunzam La Formation could be easily
differentiated both in the field and also in aerial
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photos due 1o its greenish-grey colour and softer
topography with respect to the dark-grey Batal
Formation and red coloured Thango Formation. Its
upper part weathers to a brown colour.

This formation comprises greenish-grey
siltstone, shale/slate, sandstone, dolarenite in the
upper part and locally pebble beds. In the Kinnaur
area, it contains an acid volcanic suite of rocks
(Magnetite tuffs) at Mangsu La in the Lungsho
Khad. Tts lower contact with the Batal Formation is
intercalated while its upper contacl is marked by the
appearance of maroon coloured arenaceous rocks.

* In the type area, the succession of the Kunzam
La Formation, as described by Srikantia (1974, 1981),
is divisible into following six members:

f) Pinkish brown quartzarenite, shale, slate
and dolomite (400m).

e) Dolomile, quartzite with current and in-

" terference ripples (750m).

d) Slate, flaggy quartzarenite with dolomite
lenses, load casts, ripple marks (750m).

c) Flaggy quartzarenile with slate partings
(950m). : :

b) Shale, slate, siltstone and quartzarenite
interbeds (500m).

a) Grey quartzarenite, quartzite and slate
(750m).

The Kunzam La Formation, according to
lithologic assemblage, is divisible into five units in
the type section (Fig.2.8b, Appendix-II).

The carbonate beds of unit ‘e’ in the Kunzam
La section have sharp and erosional contact with
the underlying clastic rocks. The upper contact with
the clastics is also sharp. Within this unit, each
terrigenous cycle begins with a silty unit and termi-
nates into a sandy one. No cyclicity could be ascer-
tained in the remaining units and various lithologies
occur randomly.

In the Parahio section, Kumar ef al, (1984)
classified the Kunzam La Formation into two mem-
bers, viz. Debsa Khad and Parahio. However, on
the basis of vertical facies zoning, four units are
identifiable (Fig.2.8c, Appendix-IT).

Trace fossils Phycodes, Plagiogmus (Fig.2.6)
and Rusophycus were reported from the Kunzam La
Formation, exposed on the right bank of the Parahio

River (Bhargava ef al, 1986). On the basis of strike
and structural attitude, the fossils from the right
bank were interpreted to represent a horizon lower
than that of the Moppo level (Bhargava ef al, 1982).
According to this correlation, Plagiogmus occupies
stratigraphically a level lower, as compared to
Diplichnites etc. (Bhargava et al, 1982).

The Kunzam La Formation in the Kinnaur
sub-basin is also represented by a lithology
similar to that encountered in the Spiti area. In the
Pin, Baspa (Logurgur Thach) and Tidong Valleys
(Brati Thach), there occur lenticular pebble and gritty
beds. The pebbles are subrounded, well-sorted and
made up of quartzite. Some of these are as big as
20cm across.

The clasts are set in an arenaceous matrix. Il1-
preserved current crescents are observed in ihe sand-
stone exposed on the left bank of the Arsomang
Gad, about 250m upstream of its confluence with
the Baspa River. In SE Kinnaur (Chorgad Valley),
Phycodes pedum (Fig.2.9) and Lingulella occur over
the acid volcanic suite of rocks.

The clastic sequence of the Kunzam La For-
mation shows more or less identical distribution
throughout Spiti-Zanskar. The carbonate rocks, form-
ing the upper part of the formation show prominent
variation. Between Patseo and Padam, the carbon-
ate rocks predominate and show algal mat and col-
umn (Fig.2.10) mainly made up of Epiphyton. SW
of Patseo, the thickness of carbonale rocks is con-
siderably reduced. In the Losar section it is
negligible, whereas, in the Pin-Parahio it has a lim-
ited development. It is only between Charang and
Nakurche and Hojis and Titan Khads in the Kinnaur
area that the dolomite is again developed. The present
variation in thickness of the Kunzam La Formation
is possibly due to erosion in pre-Thango time. It is
because of the pre-Thango erosion that, in the ar-
cas where the thrickness of the Kunzam La Forma-
tion is least, only the lower part of this formation
is preserved. In the NW Zanskar, the Kunzam La
Formation is overlapped by the Phe Volcanics of
the Permian age.

At Phalong Danda, pegmatite/granitoid and in
the Zanskar, the Gumboranjan Granite (Srikantia éf
al, 1978a) are intrusive in the Kunzam La Formation.
In the Racho Khad section (Tidong Valley), these
rocks are intruded by quartz-specularite veins.

The rocks of the Kunzam La Formation are
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traversed by malachite stained quartz vein right from
the Baralacha Pass to the Jadhganga Valley.

Age : The trace fossils in the basal part of the
Kunzam La Formation indicate an early Cambrian
age (Bhargava et al. 1982), whereas, the trilobite
fauna recorded in its upper part suggests middle
Cambrian age. Middle Cambrian age is also sup-
ported by a lone conodont (Bhatt and Kumar, 1980)
reported from the Parahio Valley. The Kunzam La
Formation s, thus, considered to range in age from
early Cambrian to middle Cambrian.

2.3.2 Sanugba Group

This term was suggested by Bhargava et al,
(1991b) after the Sanugba stream, a tributary of the
Ratang Nala.. Since a probable break is envisaged
between the Takche and Muth Formations in the
present work, the latter is being delinked from the
Sanugba Group and included in the Kanawar Group.

2.3.2.A Thango Formation

This name was proposed by Srikantia (1974)
after well-known Thango locality (not marked on
the toposheet) in the Parahio River section. It was
originally included by Srikantia (1974) under the
Haimanta Group. However, due to a major plane of
unconformity now identified between it and the
underlying Kunzam La Formation, the Thango For-
mation has been separated from the Haimanta Group.

The Thango Formation has also been referred
as Shian Quartzite (Goel and Nair, 1977, 1982)
without (a) properly defining the type section, (b)
providing measured lithostratigraphic details and (c)
proving its mapability. Similarly, the Thaple For-
mation of Nanda and Singh (1976) lacks these very
details. Since these terms have not taken roots,
whereas, ‘Thango' has been frequently used in the
literature, we have opted for the latter. In Kinnaur,
it was earlier referred to as Tiwri and Yamrang La
Formations (Bassi e al. 1983).

The Thango Formation is one of the most char-
acteristic formations of the Spiti area. Duc to its
deep crimson/maroon colour and rugged topogra-
phy, it is recognisable from a distance (Fig.2.15)
and easily picked in aerial photos due to distinct
tone. In the Tariya section (Pin Valley), it has lost
its characteristic red colour. At Phalong Danda
(Lahaul) also, the Thango Formation has been
decolourised due to intrusion of granitoid.
Decolourisation effect is observed also in the area

north of Hango. This decolourisation has been at-
tributed by Hayden (1904) to mctamorphism.

The Thango Formation rests over the Kunzam
La Formation along a sharp contact. In the Spiti, Pin
(Fig.2.11) and Chorgad Valleys, an angular discord-
ance exists between the two. The upper contact of
the Thango Formation with the Takche Formation is
gradational and partly intercalated. Its contact with
the latter has been delineated at the appearance of
first carbonate bed and/or brownish coloured cal-
careous sandstone.

The Thango Formation is essentially an
arenaceous sequence which, in most of the sec-
tions, begins with a conglomerate bed (Fig.2.12-
13). The conglomeratic sequence in Kinnaur, ex-
cept between the Charang Gad (Tidong Valley) and
Arsomang (Baspa Valley) where it is absent, is
unusually thick (25-40m). In sections where two
prominent conglomeratic horizons are developed,
the lower one shows clasts mainly of grey-green
sandstone, siltstone, shale, dolomite and vein quartiz
of the Batal-Kunzam La affinity. The upper con-
glomerate, in addition to above mentioned clasts,
also contains clasts of red sandstone, siltstone and
shale of Thango parchitage. In the Gyamthing Gad
section, the conglomerate contains clasts derived
from quartz-specularite veins. In the sections where
only one conglomerate is present, it is invariably
the upper one. East of Shushin Thach, the conglom-
crates in the Thango Formation are lenticular and
do not form the base. In the Zanskar area, the clasts
are mostly from the dolomite of the Kunzam La
Formation (Karsha Formation of Nanda and Singh,
1976). The clasts in the conglomerate are in the
size range of boulder (5%). cobble (5-10%) and
pebble (80-90%), but the medium size pebbles pre-
dominate. The clasts are moderately to well-sorted,
rounded to well-rounded, having a sphericity of 0.3
to 0.4. These are embedded in an arenaceous ma-
trix in the ratio of 60/40 : 40/60. In general, the
clasts dominate in the upper part of the conglomer-
ate sequence. The size of the clasts in the conglom-
erate in most cases decreases towards the stratigraphic
top. However, in a few sections (e.g., Pin Valley) in
the basal conglomerate, the clasts size first increases
and then decreases. In the Chorgad section, three
upward--fining cycles are recorded in the basal
conglomeratic horizon.

The sequence in between the conglomerate is
haematitic, which is conspicuous in the Pin, Parahio
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Ratang. Gyundi and Shitikar sections (left bank of
Spiti).

The sequence above the conglomerate is
largely made up of fine grained sandstone with a
few silty and shaly partings. The shale intercala-
tions in the Kinnaur part are more pronounced
and contain excellently preserved trace fossils
(Fig.2.14). The upper part of the sequence in Spiti
also shows layers of red shale which are rich in
trace fossils.

The sub-facies of various sections are de-
picted in Fig.2.17, the details of which are pro-
vided in Appendix-III.

The sequence and subfacies in the Parahio
Valley are more or less identical to those exposed
in the Pin Valley except that there are two con-
glomerate bands, separated by a 8-10m thick sand-
stone bed in the former.

In the Takche section, there is very limited
development of conglomerate. The absence of con-
glomerate is possibly due to a strike fault which
has also caused shearing. The generalised sequence
of facies in ascending stratigraphic order is (a) several
tens of metres-thick fine, medium and coarse grained
sandstonc (Fig.2.18) showing common herringbone
cross-bedding (Fig.2.19), rare low-angled cross-
bedding, planar cross-bedding (Fig.2.20) and tidal
bundles. This also shows a few centimetres thick
ripple layers with thin mud drapes and ripple marks
with bifurcating crests (Fig.2.16); (b) sandstone se-
quence with lenticular units of low angle cross-
bedding showing channel and discordance surfaces
(Fig.2.21) and rare high angled (25°) planar and
festoon cross-bedding. A few centimetres thick rip-
pled layers with mud drapes and bifurcating linguoid
round-crested ripples and mudcracks are also present.
Thicker sandy units show hummocky cross-stratifi-
cation.

In the Hango scction, along the Hango-Kirasang
Jhoola track, a few calcareous lenses of bioturbated
mudstone enclosing totally recrystallised érinoids
are present. The bioturbated parts are filled with
darker material along with some quartz grains. At
the Dipgyamba Gad confluence (Tidong Valley) and
the Gyamthing Valley also there is a crinoidal cal-
careous lens.

In the Gyamthing section, the Thango Forma-

tion is intruded by chalcopyrite-quartz veins, and in
the Arsomang, Mangla and Gyamthing sections, by
the quartz-barite-galena veins. Very fine scales of
gypsum are associated with the upper red shale in
the area SE of Charang and Arsomang Glacier snout.

Numerous small sills of gabbro-norite affinity
are observed within this formation in the Tidong
and Gyamthing Valleys. A dolerite sill is observed
in the Tariya area.

The Thango Formation in the Kinnaur Basin
is fossiliferous, showing ubiquitous presence of
gastropod Raphistoma sp. At the Loechhutongsa Khad
confluence with the Tidong, a dip slope of the Thango
Formation is crowded with casts of pentamerids.

The Thango Formation shows a gradual re-
duction in thickness towards the SE in the Spiti
Valley. In the southeasternmost part, it is cut off
along the Kaurik Fault Complex (KFC). Towards
cast in Kinnaur, it maintains a uniform thickness.
Further cast in the Jadhganga Valley, it was found
to link up with the conglomerate mapped in this
section as the Ralam conglomerate of ‘Precambrian
age’. In the Zanskar area also, it maintains the uni-
formity of sequence showing conglomerate (2-20m)
in the basal and red shale in the upper parts. Its
thickness decreases towards NW, least being at Tanze
Yogma. In the north-western part of Zanskar, the
conglomerate is practically absent.

The following body and trace fossils, mainly
from the Kinnaur area (Bhargava es a/, 1984a), have
been recovered from the Thango Formation. Body
fossils : Raphistoma, pentamerids, Trochonema, Trace
fossils . Phycodes sp., P. circinatum, (Fig.2.14) P.

palmatum, Skolithos, Planolites, Sinusites,
Arenicolites, Teichichnus, Rusophycus, Rouaultia,
Monomorphichnus. [sopodichnus, Bifungites,

Spirophycus, giant burrows and other indeterminate
fossils.

Age : The paucity of index fossils makes it
difficult to fix the age of this formation. Phycodes
circinatum, one of the rare trace fossils which is
considered as an index fossil for early Ordovician,
occurs 650m above the base of the Thango Forma-
tion. The lower age limit of the Thango Formation,
thus, may be latest Cambrian or earliest Ordovician.
The upper age limit of early Silurian for this for-
mation was determined on the basis of Pentamerids
present in the Thango Formation. However,
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Figs.29—-2.14

Explanation of Figs. 2.9 - 2.14

Fig. 9. Phycodes pedum in the basal part of the Kunzam La Formation. Loc. Chorgad Valley. Fig. 10. Algal bioherm,

Kunurp La Formation, rolled boulder at Patseo. Fig. 11. Angular discordance between the underlying Kunzam La

Formation and the overlying Thango Formation. Loc. Right bank of Pin River, Siabong. Fig. 12-13. Conglomerate of

Itle Thango Formation, 12. It has more of matrix. About 1.5 km downstream of Gechang in the Parahio Valley, 13,.

(}:41“‘ :upported,' near Thidim. Fig. 14.® Phycodes circinatum, Thango Formation. Loc. One kilometre downstream of
anchap.
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Figs 2.15-2.16

Explanation of Figs. 2.15 -2.16

Fig. 15. Conspicuously ted-cnimson Thango Formation resting over the Kunzam La Formation at Thango type locality.
Right bank of Parahio River, downstream of Thango. Fig. 16. Bifurcating, smooth topped ripple marks in sandstone
of the Thango Formation. Loc. Thango.
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Ordovician, as upper age limit of the Thango Forma-
tion, is more probable.

2.3.2.B Takche Formation

This lithostratigraphic name was suggested by
Srikantia (1974, 1981). Goel and Nair (1977) used
the term ‘Pin Limestone’ without defining it prop-
erly or proving its mappability. Khanna et al, (1983)
proposed the term ‘Pin Dolomite’ for the rocks bound
by the Muth Quartzite towards the top and the ‘Shian
Quartzite’ towards the base. The rocks in the Pin
Limestone/Pin Dolomite are neither exclusively lime-
stone nor dolomite. Besides, in well-developed sec-
tions, these together constitute only about 30% of
the sequence. Neither of the term is thus suitable.

At the Takche type locality, however, the sec-
tion is not well-developed. Best section of this
formation is exposed at the Manchap Thach. Since
the Manchap section requires at least six days of
arduous trekking to reach, the present authors pre-
fer (o retain the term Takche. The name Manchap
Formation (Bassi ef a/, 1983), however, may be re-
tained as a junior synonym after the most important
reference section. The Pin and Parahio Valleys also
show good sections of the Takche Formation.

The Takche Formation, being rich in carbon-
ate, is easily recognisable from a distance by its
carthy brown appearance. sandwiched between the
purple Thango Formation bclow and the white col-
oured Muth Formation above.

With the intercalations of a few calcarcous
sandstone/ arcnaceous dolomite and brown shale,
the underlying Thango Formation imperceptibly
passcs upward into the Takche Formation. How-
cver. in the Guimdo seclion (eastern-most Spiti
Valley). the Takche Formation rests unconformably
over the Precambrian schist of the Morang Forma-
tion. In the upper part. the Taxche Formation in-
cludes matrix-rich sandstone interbeds over which
the matrix-poor/frce white clecan sandstone of the
Muth-Formation appcars abruptly. The contact of
Takche and Muth Formations, thus, is only appar-
cntly conformable. This contact, which is marked at
the first appearancc of white sandstone bed in the
Takche scction, is gently undulatory. However, in
view of strong deformation suffered by the rocks,
1L1s difficult to decide whether this undulation rep-
resents an original deposilional surface or struc-
tural deformation.

In the Spiti Valley. the Takche Formation has

a sizeable arenaceous component towards its NW
end (i.e., the type locality). The carbonate content
gradually increases lowards SE. being maximum in
the Pin Valley. In eastern Kinnaur, it is being essen-
tially a carbonate sequence showing sudden varia-
tion in thickness due to its biohermal nature. The
sequence comprises several cycles commencing
mostly with carbonate and ending with clastics. The
details of the sequences in various sections are
illustrated in Figs.2.25-2.26 and Appendix-1V.

The Takche Formation has protean characters
and includes smail reefal buildups (Bhargava and
Bassi, 1986). The corals reported in the Takche area
are strepteplasmids. Chonophyllum, small colonies
of Favosites, Halysites, and Plasmoporella (Fig.2.22)
(Bhargava and Bassi, 1986) and Heliolites. Orthis
and Atrypa are frequent in the middle and upper
parts of the sequence. Apidium indicum, thought to
be an ostracod (Reed, in Pascoe, 1968), has been
interpreted by Kato ef al, (1987) to be an algae. It
occurs in the middle part of the sequence at Takche.
The identification of Chonophyvilum and
Plasmoporella by Bhargava and Bassi (1986) are
still tentative.

The Gechang section yielded strepteplasmid
and Tryplasma from basal part and Chonophylium
from the upper. Small colonies of Thamnopora,
Favosites, Heliolites (Fig. 2.23), Halysites (Fig.2.24),
Stromatoporoid (Fig.2.27-28) and ?Protaraea oc-
cur in the carbonate beds (Bhargava and Bassi, 1986).

The fossils recorded by Bhargava and Bassi
(1986) from Muth-Shian section are : Stromatopora
concentrica Goldfuss, Halysites catenularia var.
kanaurensis Reed, H. wallichi Reed, Favosites
spitiensis, Reed, ? Propora, ? Parachaetetes, Orthis,
Chonetes, ?Atrypa, a few Tentaculites, Pleurotomaria
and rare orthoceratids. The identification of Calymene
and Cheirurus as based on fragmentary remains are
tentative.

The fossils  collected from Leo are Rugose
coral ?Chonophyllum and strepteplasmids. Both of
these are mildly to strongly recrystrallised and
ferruginised. These are common in the upper part
of the sequence. Tabulate corals Halysites catenularia
var, kanaurensis Reed and H. wallichi Reed are
most common. A few colonies of these corals are
almost 30cm wide. These are associated with sphe-
roidal colonics of Favosites. ?Protaraea kanaurensis
(Reed) is present in the basal part.



28 Mem. Geol. Surv. Ind. Vol. 124

PIN SECTION

TAKCHE FORMATION

< :
3 N o ANAY
AN e
9

100m 100m

o Ooo

KUNZAM LA FORMATION

TAKCHE SECTION

TAKCHE FORMATION

>0 U DO
3 —_ e
v S ’u&_ls

2o X
= Lxe [z |8

RXB |9 HQ Lo

MC |0 TF |12
MMO| 3 14

KUNZAM LA FORMATION

Fig. 2.17. Lithologs of the Thango Formation. Expl: 1. Conglomerate with pebble to boulder size clasts, 2. Sandstone,
3. Siltstone, 4. Shale, 5. Burrows, 6. Festoon cross-bedding. 7. Low angled cross-bedding. 8. Tidal bundles, 9. Ripple
cross-bedding, 10. Haematitic quartzite, 11. Mudcracks, 12. Trace fossils. 13. Mud drape. and 14. Ripple marks.

Stromatoporoids are highly recrystallised and
difficult 1o identify. These are mainly laminar, low
domal (Fig.2.27). extended domal and rarely dendritic
types (classification afier Kershaw and Riding. 1978).
The form, previously identified as clathrodictid
(Bhargava and Bassi, 1986), is possibly Ecclimadictyon
(Fig.2.28) which ranges in age from late Ordovician
to Silurian.

The bryozoan Hallopora (Fig.2.29) is a com-

mon genus in the Takche Formation. In addition to
it. bifoliated forms, fenestellids, ?Fistulipora and
coral Coenites have been reported (Bhargava and
Bassi. 1986). Algae are represented by nodular
colonies of ?Parachaetetes, which also occur as
binder. Amongst brachiopods are Chonetes and
Orthis. Crinoids, though rare in the Leo section,
are of larger dimensions as compared to those in
other areas. Molluscs are represented by orthoceratids
and gastropods. Echinoderm spine and other frag-
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Explanation of Figs. 2.18 - 2.24

Fig. 18. Coarse grained sandstone of the Thango Formation. Loc. Takche. Fig. 19. Tabular cross-bedding, Thango
Formation. Loc. Takche. Fig. 20. Herringbone cross-bedding, Thango Formation. Locs Takche. Fig. 21. Low angle
discordance, erosional channel and cross-bedding in the Thango Formation. Loc. Takche. Fig. 22. Slide print of
Plasmoporella (Proporid?), Takche Formation. Loc. Manchap. Fig. 23. Small circular colony of Heliolites, Takche
Formation. Loc. Gechang' Fig. 24. Halysites colony, Takche Formation. Loc. Gechang. (Bar scale is 3mm).
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Fig. 2.25. Lithologs of the Takche Formation. Expl: 1. Sandstone, 1a. Siltstone, 2. Limestone, 3. Dolomitic limestone/
dolomite, 4. Nodular bedding in the carbonales, 5. Stromatoporoid, 6. ?Psilophyton, 7. Shells-brachiopod/lamellibranchs,
8. Bioturbations, 9. Solitary Corals, 10. Echinoids, 11. Colonial Corals, 12. Calcareous sandstone, 13. Syndepositional
slumps in carbonates, 14. Herringbone cross-bedding. 15. LXB - Low angle cross-bedding, 16. HXB - Hummocky
cross-bedding, 17. L.T. - Low angle truncation, 18 He - Heliolitids, and 19. A, B - cycles. [.C. - Incomplete cycles.
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ments are sporadically found. A few carapaces of
ostracodes were encountered in thin sections.
|

From the Manchap section, Bhargava and Bassi
(1986, 1987) have reported stromatoporoid (Fig.2.30),
strepteplasmids, Tryplasma, = Ptychophyllum,
Halysites,. Favosites, Plasmoporella, Radiastraea
(Fig.2.31-32), calcified lithistid sponge (Fig.2.33),
Coenites, Hallopora and other bifoliated bryozoa.
and algae Vermiporella and Girvanella. The
codiacean algae (Fig.2.34) of Bhargava and Bassi
(1987) is possibly same as Apidium indicum iden-
tified by Kato et al, (1987). The identification of
Psilophyton (Bhargava and Bassi, 1986) was based
on external resemblance though no vascular struc-
ture could be seen. Kumar and Kashkari (1987) seem
to interpret all Psilophyton like forms in the Takche
Formation as trace fossils Chondrites. Though
Chondrites does occur in the Takche Formation
(Bhargava, ef a/, 1984a; Bhargava and Bassi, 1986),
the forms referred to as Psilophyton are certainly
distinct from Chondrites.

The Takche Formation contains trace fossils
Arenicolites, Arthrophycus, Chondrites, Planolites,
Skolithos and Rusophycus (Bhargava et al, 1984a
Bhargava and Bassi, 1988). Palaeodictyon, described
by Kumar and Kashkari (1987), most probably is a
cast of a Favosites colony (Fig.2.35).

Khanna et al, (1983), have reported acritarchs
and chitinozoa from a sequence equitable with the
Takche Formation. Mehrotra ef al, (1982), in addi-
tion to the acritarch assemblage recorded by Khanna
et al, (1983), have reported Angochitina capillaia,
Bursachitina sp., Eremochitina sp.. Desmochitina
sp. from the Takche Formation of the Pin Valley.

The Takche Formation, as mentioned earlier,
becomes more calcareous towards SE in the Pin-
Parahio and Tidong Valleys. Its further extension in
Kumaon has been described as the Yong Limestone
(Khanna et a/, 1985) and also as Variegated Forma-
tion which show massive stromatoporoid colonies.
Towards NW of Spiti, the arenaceous content in the
Takche Formation increases and it becomes difficult
to distinguish it from the underlying Thango Forma-
tion. However, in the Sarchu area, though the Takche
Formation has a limited thickness, it shows a distinct
carbonate facies. Thickness-wise, the maximum de-
velopment of this formation is at the Takche type
area, which is maintained upto the Ratang Nala
(Sanugba confluence), thereafter the thickness de-

creases towards SE. Similarly, the thickness decreases
towards NW also. The Takche Formation is intruded
by small transgressive sills of doleritic affinity in the
Tariya and Manchap areas.

Age : The Takche Formation was assigned an
Upper Silurian to Lower Devonian age by Srikantia
(1981).Based on the occurrence of Pentamerus in the
underlying Thango Formation, Bhargava and Bassi
(1986) suggested an early to middle Silurian age to
the reefal part of the Takche Formation. Kato et al,
(1987), on the other hand, advocated an Ordovician
age 1o their ‘Pin Limestone’ (=Takche Formation) on
the basis of algae Coelosphaeridium and Apidium
indicum, the former being so far known from
Caradocian only.

A review of fossils described -from the pres-
ently defined Takche Formation, which includes beds
regarded in age to as Ordovician and Silurian se-
quences by Pascoe (1968), reveals (Table-2.1) con-
tradictory ages. For example, bryozoa Ptilodictya,
brachiopod Hindella, trilobite Calvmene, ostracode
Leperditia and Beyrichia, which as per Moore (1956-
1964) do not occur below the Silurian, coexist with
trilobite /llaenus, Asaphus and ostracoda
Leperditella, which are confined to Ordovician. Still
more puzzling is the occurrence in the overlying
unit 3, of coral Lyopora and Mesotrypa and in unit
4 of Streptelasma and cephalopod Gonioceras ex-
clusively of Ordovician age along with chain coral
Halysites catenularia, brachiopods Strophonella and
Camerotoechia of Silurian age.

OF the fossils described in earlier literature,
the identification of Halysites catenularia and
Pentamerus indicating Silurian age has been doubted
by Talent et a/, (1988). The identifications of Silurian
fossils Chonophyllum, Coenites, Protaraea and
Tryplasma, reported by Bhargava and Bassi (1986),
were from unoriented sections and thus, are provi-
sional. Even after eliminating these forms of doubt-
ful identification, there are several taxa which are
characteristic of Ordovician and Silurian respectively
(Table-2.1a - ¢).

Obviously, either the age ranges of these fos-
sils as given by Moore (1956-1964) have undergone
modification and a mix-up of fauna of different lev-
els has occurred or identifications of some of the
fossils are not correct.

Before any firm conclusion regarding the age
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Figs.2.27—2.29

Explanation of Figs. 2.27 - 2.29

Fig. 27. Stromatoporoid in the Takche Formation. Loc. Gechang. Fig. 28. Ecclimadictyon sp. encrusting a coral,
Takche Yormation. Loc. Manchap. Fig. 29. Hallopora sp. Takche Formation. Loc. Manchap. (Bar scale is 2 mm).
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of the Takche Formation is deduced. it is necessary
to critically re-examine all old fossils and also the
collection made by the present authors during 1984.
Till such an exercise is accomplished, late Ordovician
to middle or even late Silurian age seems most plau-
sible, especially due to occurrence of corals Heliolites
and ?Radiastraea. in the upper part of the
Takche Formation, latter being of middle Silurian
age. Such an age broadly tallies with that of the
Nowshera Reef of Pakistan (Stauffer, 1968), indicat-
ing a widespread favourable reef building
palacoenvironment over the Indian Plate during
Silurian.

2.3.3 Kanawar Group

The term Kanawar was suggested by Hayden
(1908). The original Kanawar *System” included only
the Lipak and Po ‘Series’. Srikantia (1974, 1981),
redesignated it as the Kanawar Group and enlarged
its scope by including undcr it the Lipak, Po and
Ganmachidam (= Permian Conglomerate of Hayden,
1904) Formations. In the present work, the three
fold classification, as proposed by Srikantia (1974),
has been further enlarged to encompass also the
Muth Formation as it forms a conformable sequence
with the Lipak Formation and is separated from the
Takche Formation by an unconformity.

2.3.3.A Muth Formation

The name ‘Muth Scries’ was suggested by
Stoliczka (1865) after a village in the Pin Valley,
which is spelt in the modern topographical sheet as
‘Mud’. This has also been referred in the literature
as Muth Quartzite (Havden, 1904) and also Muth
System (Hayden, 1908). Srikantia (1981) redesignated
it as the Muth Formation. The strike extension of
this well known formation in Lahaul and Zanskar
was described as the Kenlung Formation by Nanda
and Singh (1976). The Muth Formation is the most
conspicuous sequence of the Tethyan Himalaya,
having more or less similar characters right from
Kashmir-Zanskar 10 Kumaon. This formation, due to
its white colour, can be recognised even from a
great distance (Fig. 2.36) and easily picked on aerial
photographs.

The Muth Formation comprises white to white
mottled quartzarenite with rare light grey shades
and local thin dolomitic sandstone and conglomerate
interbeds. The lower contact of the Muth Formation
with the Takche Formation, as stated earlier, is
undulatory and abrupt. It has been marked at the
first appearance of white/mottled quartzarenite bed.

In the Spiti Valley near Guimdo, it overlaps the Takche
Formation and rests over the Prccambrian Morang
Formation. Along the upper contact, it is variously
overlapped by the Lipak, Gechang and Gungri
Formations. Its contact with the overlying Lipak
Formation in fully developed sections is intercalated
and has been delineated at the first appearance of
dolomite/limestone or matrix-rich sandstone in the
upper part of ts sequence. The contact between
the Muth Formation and the Gechang and
Gungri Formations is sharp everywhere. At Jongchen
it shows an undulatory erosional top below the
Gungri Formation.

The quartzarenite in the basal part of the Muth
Formation is largely mottled and friable. Tt is
succeeded by an alternating sequence of siliceous
white quartzarenite and friable quartzarenite.

Planolites, Palaeophycus tubularis, Arenicolites,
Skolithos and arthropod trackways (Bhargava and
Bassi, 1988) are known from the Muth Formation.
Ameta and Gaur (1980) reported poorly preserved
orthoceratids and corals from a rolled boulder of
the ‘Muth Quartzite’ in the type area. From the
Khimokul La section, Bassi (1988b) reported mould
of Orthis aff. rustica..

The sequence of the Muth Formation at Takche
(Spiti Valley), Mud (Pin Valley), Hango-Tumtum
Thanga and Khimokul La (Tidong Valley) sections
are presented in Figs. 2.38-39 and Appendix-V. The
entire sequence of the Muth Formation is composed
of fine to medium grained white sandstone.

The Muth Formation has more or less uniform
thickness in the main Spiti Valley. On the lefi flank
of the Ropa Valley it shows conspicuous thickness
variations, ranging from 2m to 50m in short stretches
of barely 250m. It is altogether absent south of the
Hangrang Pass. Beyond Kirasang Gad, it shows a
thickness varying between 90m and 200m. In the
Kinnaur basin, it is uniformly developed with thick-
ness varying between 80m and 120m.

NW of Spiti towards Zanskar, the thickness of
the Muth Formation decreases. In this stretch the
passa'ge beds developed between the Muth and the
Lipak Formations, conspicuous in Kashmir (Wazura
Formation of Srikantia and Bhargava, 1983) and
also partly in Spiti, are lacking, and as a result, the
contact between the Muth and Lipak Formations is
sharp. A dolerite dyke is observed in the Muth
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Eurychilina monticuloides Reed ——
Krausella shionensis Reed
Primitio averesti Read ——
P. gerardi Reed ——

Leperdifelio kmalaica Reed
Leperditia 3p,

Beyrichio sp.

Hloenus punctulosuc Saiter
I. spitiensis Raee”

I. brochyoniscus Solter
Bronteous lunatus Billings
Asaphus emodimilomensis Reed —

Lichas tibetanus Salter
Ca!ymene nivalis Salter
Clieirurus mitis Salter

f [cornulites sp.

Lophospira serrulate Reed
Ptarinaea *hanamaensis Reed L__

Mindeila sp.

Zygospiro sp.

Rofinesquina muthensis Reed
Strophomena chomoerops Salter

e
S. bisecta Salter —
——

Sowsrbyelia himalayensis vor. repanda Salter
S.umbrelia Salter

Leptaeno trachealis Salter

Tripiscie pncota Salter

Orthis (Plectorthis) stracheyl Reed

O. (Hebertelie) ¢f sinuato Hall —_—
0. (Dalmanella) testudinario Dalman voe himaloico Reed |
0. (Dinorthis) thakil Reed var, subdivisa Salter
0. {D.) thokil Reed var. striatocosta Solter

0. (D.) porcata Mc Coy var. peregrina
Plilodictya ferrea Salter

Dianulites yak Salter _

Orthis (Dinorthis) thakil Salfer
Rofinesquine cratera Solter
Lichas 9p.

Posceolus mellifivous Salter.

1

Table 2.18. The fauna of units e and f of Hayden (1904) of *Ordovician Sequence’, near Shian, Pin Valley (in Pascoe,
1968) and their age ranges after Moore (1956-64).
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lindella thianensis Reed [~

ORDO- | SILU- | BEVO- SO
}mn FossiLs )c’;l?um—b;ﬁ&cm- PN" FoOSSILS onw'unﬁ_b;urxg'cm.
E[M[1.[E|M] L]E [m[ L] FERROUS melmll.e]u L| FERROUS
[Sirepteasmn cornicalvm Hall —— |Lindstroemia sp.
Favonims Favosites forbesi Edw. and Haime
Potbporino p. — F. niagarensiz Hall
[ndicyo sp — Orthis aff rustica Sowerby
IPrilopra wp — 3 Orthothetes qff. pecten Linne
fSictoporn elangwlata Hall —_— P us oblongus Sowerby -
Hiscromrella s — Palaecneilo vicioriae Chapman
Orthis (Dalmorw8a) sestedinaria Dalman b— Bellerophon sp.
i |0 (Dinarthis) poreaso var. pervgrim Reed |Evomphalus triguatrus Lind.
|Lepmens rhomboidalis Wilckens — Orthoceras annulatum Sowerby
‘:‘:"""T" wisconsinenris Whilfield -_1&”"‘: (Daimanella). basalis Dalman var.
wrbyslla sericea Sowerby -_— muthensis Reed

0. (D) edgelliana Reed

pira bancio Hall ] O. (Plactorthis) spitiansis Reed
ovmotoma cf it Ulrich and Schofield Stropheodanta compressa Sowerby
ellevophon 2 |Calostylis dravidiona Reed
onioceras anceps Hall -_— L eptaena rhomboidalis Wilckens -—
leenns . Strophonella euglypha Hisi
h Orthothetes a(T. pecten Linne
Uyopora . —— Camarotoechia sp.
Orthis (Plecsorthis) sracheyi Reed Calymene sp.
0. (Dobmasela) wimdnaria Dalman |- — .
parar indica Reed - \Propora himalaico Ilee_d
. ‘“m": » | Streptelosma (Zaphrentis) sp. ——
- o cbligea Urich and Schofield __ 1 ' ilylarnca knnaurfful.v Reed ——
’m"""“"" hicvrmsis Reed avosites spitiensis Reed
lipiciam irahicem Reed Halysites catenularia kanaurensis Reed f—
H_wallichi Reed

Table 2.1b Fauna of units g and i of* Ordovician Sequence’
of Hayden (1904) near Shian, Pin Valley, (in Pascoc,
1968) and their age ranges after Moore (1956-64).

Formation north of -Tariya.

Age : The erstwhile Muth Series/Quartzite in-
cluded parts of the Takche and probably also the pres-
ently redefined Lipak Formation. This Muth ‘Series’
was assigned an Upper Silurian age by Stoliczka
(1865) and Hayden (1904), Carboniferous by Oldham
(1888) and Greisbach (1889), whereas, Srikantia
(1981) considered Muth Formation to range in age
from middle to upper Devonian. Goel et al, (1987)
reported  brachiopods belonging to genus
Pentamerifera (restricted to Silurian only) and some
primitive corals of Silurian agc from the lower part
of the Muth Quartzite of the Kiogad Valley (Garhwal)
and suggested a Silurian age for this level. From the
Takche section, Ranga Rao et al, (1987) reported ‘Up-
per Silurian’ and ‘possible Lower Devonian elements’
from the quartzite-slate alternation and dolomite of
the ‘Muth Scquence’ (classified in the present work
under the Lipak Formation). Ranga Rao ef al, (1987)
further state that ‘a very small thickness of sediment
separates’ the Silurian horizon ‘from the overlying
Lipak Formation® of Carboniferous age, which they
explain by non-deposition/diastem during the greater
part of Devonian. From a similar sequence occupying
identical stratigraphic position in the Pin Valley, these
authors report long ranging but post-Silurian elements.
Ranga Rao er al, (1987), thercfore, consider the upper
contact of the Muth Formation as time-transgressive,

Tablec 2.1c Fauna of stages 1, 2 and 3 of Silurian Se-
quence of Hayden (1904), exposed near Shian, Pin Valley
(in Pascoc, 1968) and their stratigraphic ranges after
Moore (1956-64).

representing Devonian age in the Pin Valley and pos-
sibly Siluiian in the Takche section. The Muth Forma-
tion has a conformable contact with the overlying
Lipak Formation, which ranges in age from latest
Devonian to early Carboniferous. Even during bed
by bed measurement of section, no sedimentologic
and/or lithologic break between the two formations
could be deciphered. It is, thus, difficult to accept the
age interpretation. given by Ranga Rao ef al, (1987)
for the Muth Formation. We shall prefer to wait till
another palaeontological group re-investigates the
Takche section. In view of conformable contact be-
tween the Muth and the Lipak, the upper age limit of
the Muth Formation has to be within the Devonian. If
the sharp and undulatory contact between the Takche
and the Muth Formations, as suggested in this work,
represents a hiatus, it is likely that a part of the
Silurian/Devonian are absent in the Spiti-Kinnaur ba-
sin. Thus, the Muth Formation is likely to represent a
major span of the Devonian. The Silurian fossils, re-
ported from the basal ‘Muth’ by various workers,
possibly are from the Takche Formation as the Muth
Formation has no carbonate beds in its basal part.

2.3.3.B Lipak Formation

This name was proposed by Hayden (1904)
after a valley of this name in Kinnaur. The strike
extension of this formation in Lahaul and Zanskar
has been designated as the Lower Member and also
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Fig. 2.38. Lithologs of the Muth Formation. Expl: 1. Brachicood-impressions, 2. Sub-paraliel bedding, 3. Low angle
cross-bedding and truncation, 4. Herringbone cross-bedding, 5. Ripple mark, 6. Carbonate band, 7. Shale, 8. Bioturbations,
9. Erosiona!l surface, 10. Low angle cross-bedding, 11. Festoon cross-bedding, 12. Tabular cross-bedding, 13. Burrow,
14. Calcareous sandstone, 15. Micaceous sandstone and 16. Bioturbated haematitic quartzarenite.
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as Members A and B of the Tanzc Formation (Nanda
and Singh, 1976; Nanda et al, 1978).

The Lipak Formation, due to its dark carbonate
rich lithology, in contrast to the underlying white
Muth Formation and the overlying shale dominated
Po Formation, is easily identified from a distance in
fully developed sections.

The Lipak Formation shows extensive facics vari-
ation. It comprises dirty white to grey, locally cross-
bedded sandstone in basal part, grey to ash grey shale
interbedded with limestone and sandstone in middle
part and limestone, local shale and lenticular gypsum
bed in upper part. Gypsum is present near Losar,
Hurling-Shalkar, Chango, Yulang and Yangthang.
Hardgrounds (Fig.2.37) and coral-algal input is also
present. By and large, the sequence of the Lipak For-
mation is made up of multiple cycles commencing with
carbonate and ending in clastics represented by shale,
siltstone or sandstone.

The Lipak Formation, to the east of the Kaurik
Fault Complex in Leo-Yangthang sector, has been
thermally metamorphosed into pyroxene-hornfels
facies. It has a mineral assemblage of calcite+
diposide+ wollastonite+ epidote + sphene. The gyp-
sum has been transformed into anhydrite. The
carbonate rocks show flowage causing ‘chocolate
slab’ boudins. Thermal metamorphism, leading to
the formation of marble + wollastonite, has also
been recorded in the area NE of the More Plain
Fault, south of Rupshu in the Phirse Valley and east
of the Syarma Fault Complex near Phiphuk in the
Lingti Vallcy.

In complcte sections, the Lipak Formation
has a conformable contact with the underlying
Muth Formation and also with the overlying Po
Formation. The lower contact in such sections is
marked by the first appearance of dolomite/ limestone
band. Disappearance of carbonate rocks and
predominance of shale-sandstone sequence has
been taken as the beginning of the Po Formation.
In sections where the Lipak Formation rests above
the Morang Formation and is succeeded by the
Gechang Formation, its both the lower and upper
conlacts are sharp and abrupt.

The lithologic details of the Lipak Formation in
various sections are iilustrated in Figs.2.40-41 and
details furnished in Appendix-VI.

The rocks of the Lipak Formation are mostly
fossiliferous. At Takche, Lipak Gad and Yulang
sections they are unusually rich in fossils.

The Lipak Formation has an uneven distribution
throughout Spiti. In the NW (Losar section) and SE
(Lipak, Yulang and Hurling sections), it has maximum
thickness. In these parts, it rests over the Mumh
Formation and is followed by the Po Formation.

In central part of Spiti. the thickness of the
Lipak Formation is highly variable. In these parts, it
is overlain by the Kuling Group. In the Lingti Valley,
near Phiphuk, it rests over the Morang Formation
and is unusually thick. South of the Pin Valley, upto
north of Hango, the Lipak Formation is absent. In
Sanand Nala, where Hayden (1904) categorically
mentioned the absence of the Lipak Formation, it is
represented by a 60m thick sequence enclosing
Syringothyris (Kumar and Dutta, 1984). North of
Hango, it is insignificantly present, but three
kilometres beyond, its thickness increases to 600m.

Together with the Thango, Takche and Muth
Formations, it forms an inveried sequence in the
Yulang Valley in between the Kaurik and Na Faults.
In the south-easternmost part of the Spiti area, (i.e.
Yangthang, Chango and Shalkar), only upper part of
the Lipak Formation is developed and like Phiphuk
section, it rests over the Morang Formation .

In the Kinnaur area, this formation or its equiva-
lent is not developed, but further SE in the Kumaon
area, similar rocks are referrcd to as the ‘Kali Series’
by Valdiya and Gupta (1972) and Mamgain and Misra
(1989). Towards NW and in the Lahaul area, it has
a considerable thickness. In Zanskar, it displays a
transgressive nature about two kilometres NW of
Tanze, where it overlaps the Muth Formation as well
as the Thango Formation and rests over the Kunzam
La Formation. In turn, it is overlapped by the Phe
Volcanics in the Thidsi Nala section. Only for a
short distance does the Lipak Formation reappear
near Marlung.

Rocks of doleritic affinity occur in the Lipak
Formation as sills at Tariya, Shalkar and WNW of
Yulang Dogri.

Age : The basal part of the Lipak Formation
was regarded by Hayden (1904) and Pascoe (1968)
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10 be of Devonian age. Tentaculites (Fig.2.43), which
is not known beyond Devonian, occurs in the basal
part of the Lipak Formation of the Yulang section
(Bassi, 1990) and confirms such an age interpreta-
tion. Syringothyris cuspidata in the lower part and
Phillipsia cf cliffordi in the upper part of the Lipak
Formation indicate an early Carboniferous age. The
Tentaculites level resting conformably below the
Syringothyris yielding beds in the Yulang section,
therefore, represents a latest Devonian age. In the
Takche section, about 80m above the Muth-Lipak
Formations® contact, the present authors have rc-
corded Lithostrotion (Figs.2.42, 3.30), thamnoporid
(Fig.3.25) and hexagonarid (Fig.3.31). Of these, the
first generally is not known in pre-Carboniferous
sediments, whereas, the latter two do not occur in
post-Devonian. However, anomalously at Takche,
Lithostrotion was found at a stratigraphic level lower
than those of the thamnoponid and hexagonarid. No
tectonic discontinuity or overturning could be no-
ticed to explain relative anomalous position of these
fossils. The entire sequence is upward younging
and conformable. It is, therefore, suggested that
this part of the Lipak sequence containing these
fossils represents inter-mixing of Devonian and Car-
boniferous elements. The stratigraphic boundary
between Devonion and Carboniferous is possibly
located either in this part or in slightly a higher part
of the sequence, while the basal part of the Lipak

represents a late Devonian age. In view of its fauna -

being identical to that of the Syringothyris Lime-
stone, following Savage (1982). Tournaisian may be
assigned as the upper age limit of the Lipak Forma-
tion. The age of the Lipak Formation is, thus, inter-
preted to range broadly from late Devonian to
carly Carboniferous.

2.3.3.C Po Formation

This formation was named by Hayden (1904)
after the village of the same name (spelt as Poh in
the modern toposheet). The Po Formation is mainly
developed in NW and SE corners of the Spiti Val-
ley. In NE part, it is exposed in the Sumkhel Valley
and west of the Syarma Fault in the Lingti Vallcy.
It is entirely absent in eastern Kinnaur. As a rule,
though the Lipak Formation is developed independent
of the Po Formation, the latter is always found only
in those sections where the former is developed.

Due to alternation of light coloured quartzite
and dark shale, the Po Formation forms stepped
topography and is recognisable in the field and also
in aerial photos (Fig.2.44). It has conformable con-

tacts with the underlying Lipak and the overlying
Ganmachidam Formations. It comprises alternation
of dark grey. pale green shale, siltstone and white
and grey sandstone, with shale predominating in
the middle part of the sequence. Pebbles appear in
uppermost part of the scquence.

The shale-sandstonc succession forms one cycle
(Fig.2.45). In the Losar section, the cycle begins
with dark grey shale with silty streaks. The bur-
rows in this zone are millimetre thick. This is suc-
ceeded by dark grey silty shale with millimetre
fine silt to silty fine interlayers with intense
bioturbation. In the upper part, 1-3 cm thick fine
sand layers become common. These show abun-
dant sole marks in the form of burrows. The lower
part of these shows sand layers parallel to undula-
tory laminations while the top part shows rippled

‘beds. Surface trails are also observed. The third

unit is represented by grey siltstone alternating
with fine sand layers which are intensely bioturbated.
A few centimetres thick fine sand layers are inter-
calated in this unit. Some of the thicker sand beds
represent amalgamated layers showing internal
erosional surfaces. The next succeeding unit is grey
siltstone alternating with rippled fine sand. This
unit overall shows low degree of bioturbation, though
a few intensely bioturbated layers do exist. This
shaly-silty sequence is topped along a sharp con-
tact by 5m to 10m thick low angled festoon cross-
bedded clean quartzarenite with a thin horizon of
rippled bed. This shale-quartzarenite cycle is re-
peated five to eight times (Fig.2.44). Each suc-
ceeding cycle is thinner and is coarser grained as
compared to the underlying cycle, till it is overlain
by the Ganmachidam Formation.

The shale is thinly laminated to fissile, spe-
cially in the upper part. In the Mardang Nala sec-
tion. shale in upper part of the Po Formation con-
tains cherty nodules, one to eight centimetres size,
cnclosing pyrite and also pyritised nautiloid,
orthoceratid, Fenestella (Fig.2.46), Pleurotomaria
and crinoid. The dark shale at most of the places is
pyrilous.

Near Tabo, on foot track to Angla, the Pe
Formation contains plant fossils. Plant remains are
also known near Losar ( Ranga Rao ef a/, 1987) and
at Shalkar and Thibda (Bassi, 1988a) (Fig.2.47). The
plant bed at Tabo is followed by a bed full of Skolithos
filled with ferruginous material. On the basis of the
presence of plants in the basal part, Hayden (1904)
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Fig 2.40. Lithologs of the Lipak Formation. Expl: 1. Limestone, 2. Dolomite, 3. Calcareous component, 4. Sandstone,
5. Siltstone, 6. Shale, 7. Hardground (HG), 8. Cross-bedding, 9. Ripple mark, 10. Bioturbation, 11 and 13. Solitary
corals, 12. Oolite, 14. Crinoid, 15. Gastropods, 16. Brachiopods, 17. Branching/colonial corals, 18. Algal bedding, 19.
Stromatolitic structures, 20. Channel and lag, 21. Shell hash/coquina, 22. Syn-depositional slumps, 23. Trace fossils,
24. Bird’s eye struclures, 25. No exposure, 26. Silty limestone, 27. Argillaccous limestone, 28. Incomplete cycle, 29.
Hexagonaria. 30. Lithostrotion and 31. Thamnoporid. (23 to 31 given in Fig.2.41).
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subdivided the Po Formation into the lower ‘Tabo
Plant Stage® and upper ‘Fenestella Stage’
Lithologically, however, there is no distinction
between the two.

The Po Formation, in its upper part, shows
sporadic presence of pebbles at several levels.
Gradually the frequency of the clasts increascs and
this formation grades into the overlying Ganmachidam
Formation. Such a sequence is well devcloped in
the Pomorang and Kurig sections.

The Po Formation, northcast of the More Plain
Fault, is thermally metamorphosed and shows
development of biotite.

There is no measurable section exposing the
entire sequence of the Po Formation. A few
partial sections arc presented in Fig 2.50 and
Appendix-VII.

The trace fossils Asteriacites (Fig.2.48).
Aulichnites (Fig.2.49), ?Cochlichnus (Fig.2.51),
Gyrochorte, Phycodes, Planolites, Rusophycus,
Rhizocorallium. and Skolithos have been recorded
from the Po Formation. The body fossils known
from the Po Formation are listed by Pascoe (1968).
The plant fossil Lepidosagillaria (Fig.2.47) has
been recovered from the Mardang Nala. Dhar et
al. (1983) reported lepidendroid from Losar seclion.
Jain et al, (1972) recorded several ostracode taxa
from a dark grey limestone alleged to form part of
the Po Formation of the Takche section. Neither
the Po Formation contains any limcstone nor is
this formation exposed in the Takche section. Thus,
the report by Jain ef al/, (1972) has nol been
considered by the present authors.

The Po Formation in NW and SE corners of the
Spiti Valley has uniform thickness. whereas, its
thickness decreases towards the central pan, first
gradually and then rapidly. For example, the thickness
of 600m in the Na-Shalkar section, is reduced to a thin
shale band at Liwa Thach (Lipak (Gad) within a distance
of about three kilometres. Towards east in Kinnaur, the
Po Formation is not developed. The Fenestella Beds
reported from the Kali River section by Mamgain and
Misra (1989) may be the possible cquivalents of this
Formation in the Kumaon basin.

From Losar towards NW in Zanskar area, there
is not only gradual reduction in thickness, but also
prominent local variations in thickness. The Po

Formation is developed only upto Thidsi in the Zanskar
area.

The lower-middle part of the Po Formation. in
the SE part of the Spiti Valley. is intruded by dolerite
and olivine-dolerite transgressive sills varying in
thickness from 1m to 25m with 0.5 km to 5 km lateral
extent in the Thibda-Sumra-Shalkar-Po-Pomorang and
Yidsizi-Kun-Kurmo areas. In the vicinity of these
sills, shale of the Po Formation shows baking effect
and specks of arsenopyrite.

Age: Thougi\ based on plant remains, Gothan
and Sahni (1937) assigned a middle Carboniferous
age to the Po Formation and the overall invertebrate
fossil assemblage suggests a lower to lower middle
Carboniferous age ("Vaterhouse. 1985).

2.3.3.D Ganmachidam Formation

The ‘Permian conglomerate’ of Hayden (1904)
was renamed afier the Ganmachidam Hill by Srikantia
(1974, 1981). Better sections, however, are exposed
at hill north of Poh and Pomorang. The Ganmachidam
Formation is developed only in those sections where
the Po Formation is present. In sections where the
Po Formation is absent, the Ganmachidam Formation
is also absent.

By and large the Ganmachidam Formation forms
rugged topography. In aerial photo and also from a
distance it is difficult to distinguish the Ganmachidam
Formation from the underlying and overlying
formations.

The Ganmachidam Formation is not wholly
conglomeratic as its original name ‘Permian
Conglomerate’ scems to suggest. It comprises
pebble conglomerate (Fig.2.52), mudstone, pebbly
siltstone, pebbly sandstone, conglomerate, sandstone
and pale grey to brown shale alternations. All
these lithounits being lenticular, the characters of
this formation vary even in a small area. The
conglomerate, too, has protean characters. Overall
the sequence comprises cycles commencing with
sandstone and ending in gritty/conglomeratic umit.
Eight such cycles are recognisable in the
Ganmachidam Hill. Like those of the Po Formation,
each successive cycle within the Ganmachidam
Formation is thinner and coarser grained as
compared to the precceding cycle.

Th~rugh Hayden (1904) described a perfect
gradational and conformable sequence between the
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Po and Ganmachidam Formation (i.e. the Permian
conglomerate), the contact between these two was
regarded as unconformable by Pascoe (1968) and
Ranga Rao et al, (1987). Srikantia (1974, 1981), however,
considered it as a terminal phase of the Po cycle of
sedimentation having a normal stratigraphic contact.
Ranga Rao ef al. (1987) considered the Ganmachidam
Formation (their Losar diamictites) to rest conformably
over the Po Formation, but along a sharp contact.
The observations in various sections during the
present mapping reveal that in most of the sections
(c.g. Ganmachidam, Mandaungsar, Po, Angla, upper
rcaches of the Yulang Gad and Kurig) the litho-
units in the upper part of the Po Formation show
prcsence of pebbles whose frequency gradually
increases towards the stratigraphic top, providing
almost a passage to the Ganmachidam Formation.
This feature is best documented in the Kurig,
Pomorang and upper rcaches of the Yulang Valley.
However, in the Sumkhel and Pare Valleys, the
Ganmachidam Formation shows a sharp and abrupt
contaclt with the Po Formation. Its upper contact
with the Gechang Formation is sharp.

The clasts in the conglomerate of the
Ganmachidam Formation vary in size from granule
to cobble (rarc) with 4-16mm pebbles being most
common. The matrix:clast ratio varies from 30:70
1o 40:60. The clasts arc moderately sorted and
mostly subangular to subrounded, though the
roundcd oncs are not uncommon. The roundness
i¢ around six and sphericity between four and
six (Power’s Scale, 1953). In general, granule
forms 35%., pebble 63% and cobble about 1-1.5%.
The clasts are of grey sandstone (21-51%). white
sandstone (13.8-22.50%). brown sandsione
(0 75=1.9%). grey limestone (7.6-19.6%). black
shale (4 5-9%). granile (0.75-2.9%). and vein quartz
(1 3-2%). 32-62mm clasts arc mostly composed
of whitc sandstonc and sporadically of green sand-
stonc. shalc and limestone. 16-32mm size clasts
arc of whitc. purple. grey green sandstone, clasts
smaller than 16mm are represented by all the
rock types enumerated above. The sandstones are
of two types. gritty sandstonc and lithic wackes.
The sequence of this formation, as exposed in
vartous sections, is illustrated in Fig.2.60 with
details 1n Appendix-VIIIL

The Ganmachidam Formation, exccept for ill-
prescrved fossils is. by and large. unfossiliferous.
The Ganmachidam Formation, as stated ear-
lier. is present only in the sections where the Po

Formation is also present. In the Spiti area accord-
ingly, it has best exposures in NW and SE corners
and also in the Lingti-Sumkhel-Pare Valleys in NE.
In eastern Kinnaur and Kumaon areas, it is totally
absent. Towards NW, in Zanskar, the Ganmachidam
Formation extends up to Thidsi.

Age : This formation was assigned a Lower
Permian age by Hayden (1904) and Ranga Rao e! al,
(1987), whereas, Srikantia (1981) considered it to be
of Upper Carboniferous age. The upper age limit of
the underlying Po Formation is certainly late lower
Carboniferous, if not younger, whereas, the basal
part of the overlying Gechang Formation has yielded
Eurydesma cordatum (Srikantia et al, 1978b), E.
manendragarhensis and E. hasdoensis (Bhargava
et al, 1985a) of Asselian age. The unfossiliferous
Ganmachidam Formation, thus, is likely to represent
mainly middle to late Carboniferous age possibly
extending into early Permian also.

2.3.4 Kuling Group

The term Kuliang was originally proposed by
Stoliczka (1865) and later revived by Hayden (1908)
as Kuling System. It was redesignated as the Kuling
Formation by Srikantia (1981). In view of different
and distinct lithologic units within the Kuling
‘Formation’ and their proved mappability, it is
proposed o raise il to a group level. This group is
divisible into the Gechang and Gungri Formations.

2.3.4.A Gechang Formation

This name was proposed by Srikantia (1974,
1981) after a village in the Parahio Valley for a
sequence described as ‘Calcarcous Sandstone’ by
Hayden (1904). The Gechang section, however, is
least representative of this Formation. Its best sections
are exposed in the Lingti Valley, around Lalung village,
along the left bank of the Spiti River between Poh
and Tabo, Khimokul La and in the Ratang Valley.
The Gechang Formation, together with the
Ganmachidam Formation, form stecp slope and is
indistinguishable from the latter from a distance and
in aerial photos. It comprises light brown to grey,
pale grey. mostly coarsc grained (o calcareous cross-
bedded sandstone with local 5-20 cm thick
conglomerate at the base as lag (Fig.2.53) and locally
shale towards top (e.g. Poh and Pomorang, 10m
thick). Slightly above the base, it invariably encloses
coquina bands which, when coarse (Fig.2.54), form
a sort of basal lag. Commencing from lag at base it
shows coarsening-up sequence and then in some
sections followed by fining-up sequence.
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Figs.2.42—2.49

Explanation of Figs. 2.42 - 2.49

Fig. 42. Coral Lithostrotion colony, Lipak Formation. Takche section. Fig. 43. Slide print of a wackestone showing
Tentaculites. Loc. Yulang Valley. Fig. 44. Hill opposite Losar showing sandstone-shale alternation of Po Formation in lower
part succeeded by the Ganmachidam. Gechang, Kuling (dark) and Lilang Group (light coloured in upper part), the precipitous
part is constituted of the Kioto Formation. Fig. 45. A prograding cycle ends with a sandstone and is followed by another
cycle with clay-shale bed which coarsens up terminating into siltstone-sandstone bed at the Ganmachidam Hill. Fig. 46.
Fenestella in shale of the Po Formation. Fig. 47. Lepidosaggilaria sp. Po Formation. Loc. Thibda. Fig. 48. Asteriacites
(resting trace of starfish), Po Formation. Loc. base of Ganmachidam Hill. Fig. 49. Aulichnites with Planolites and Skolithos,
Po Formation. Loc. Ganmachidam Hill (Bar scale is 1 cm).
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The lower contact of the Gechang Formation with
the Ganmachidam Formation, specially where it is
conglomeratic at base, looks apparently gradational.

However, the conglomerates of the Gechang
Formation are mostly clast supported and their
matrices are cleaner in contrast to the Ganmachidam
whose conglomerates are mostly muddy and matrix
supported. In sections where the Ganmachidam
Formation is absent (in such sections Po Formation
is also absent), the contact of the Gechang Forma-
tion with the underlying Lipak, Muth or Takche
Formations is abrupt and unconformable. lts upper
contact with the overlying Gungri Formation is also
sharp, abrupt and most possibly unconformable
(Gaetani ef al, 1990; Bhargava et al, 1991b). The
uppermost beds of the Gechang Formation are
crowded with vertical burrows (Fig.2.62). Details
of its succession in various sections are given in
Fig.2.61 and Appendix-IX.

In addition to the fossils check-listed by Pascoe
(1968). Srikantia et al, (1978b) recorded Eurydesma
cordatum and Deltopecten. Bhargava et al (1985a)
reported Eurydesma manendragarhensis and E.
hasdoensis and Chopra et al, (1980) discovered coral
Waagenophyllum. Eurydesma cordatum (Fig.2.55-
56) has been found at Liwa Thach 12m above the
base of the Gechang Formation. Neospirifer (Fig.2.57)
was recovered from the upper part of this forma-
tion exposed in the Khimokul La section.

The thickness of the Gechang Formation var-
ies from five metres in Kidul to about 150m in the
Ratang Nala. In some sections of Spiti and Kinnaur,
the Gechang Formation is totally absent. In Zanskar,
according to Srikantia et al, (1978a), wherever the
Phe Volcanics are developed, the Gechang Forma-
tion is absent. Gaetani et al, (1990), however, re-
port the Chumik Formation (=Gechang Formation) in
the Zanskar area which is associated with the
volcanics.

Age : With Eurydesma (Fig.2.55-56) in basal part
and Waagenophyllum near top, the Gechang Formation
is interpreted to range in age from Asselian to
Sakmarian, possibly extending to early Artinskian also.

2.3.4.B Gungri Formation

Named after the Gungri village near Pin-Parahio
confluence (Srikantia, 1974, 1981), this sequence
was originally described as the Productus Shale
(Hayden, 1904). It forms a subdued gentle topogra-

phy and due to black colour is easily identified in
field from a distance and also in the aerial photos

(Fig.2.36).

The Gungri Formation mainly comprises black,
calcareous, silty shale and shale, phosphatic, cherty
and calcareous nodules with 0.5cm to more than
100cm diameter (Fig.2.58-59), thin siltstone and
coquina limestone lenses. Some of the nodules enclose
fossils. The cherty nodules are largely phosphatic.
The silty shale mostly occurs in the basal part,
whereas, the upper part is made up of shale. The
transition zone from silty-shale to shale is charac-
terised by Zoophycos (Fig.2.67) in several sections
(Bhargava et al, 1985b). The sequence includes
millimetre to centimetres thick shaly siltstone and
calcareous siltstone intercalations. Overall, the Gungri
sequence shows two to three cycles coarsening
upward.

As stated earlier, the lower contact of the Gungri
Formation with the Gechang Formation is sharp. In
the Kinnaur area, at Jongchen, the Gungri Forma-
tion rests over the eroded surface of the Muth For-
mation, the former filling up the eroded portions.
The upper contact of the Gungri Formation with
the Mikin Formation (Lilang Group) looks appar-
ently conformable. However, at the base of the Lilang
Group occurs a 0.5-1.5cm thick ferruginous bed (silty
shale) with more or less sharp boundaries with both
the underlying and the overlying rocks (Fig.2.63).
This band was interpreted by Bhatt et al, (1977) to
represent a sub-aerial break. On the other hand,
Bhargava (1987) considered it to signify a sub-marine
hiatus. This question may be kept open at this stage.

The lithostratigraphic details of this formation
in various sections are given in Fig.2.65-66 and
Appendix-X.

The Gungri Formation is the most persistent
stratigraphic horizon in the Spiti and Kinnaur ar-
cas. In most of the sections of Spiti, this formation
maintains a thickness between 35-50m. However, it
is 25m near the Hangrang Pass. In the Kinnaur area,
where it generally rests unconformably over the Muth
Formation, great variation in its thickness is no-
ticed. The thicknesses are markedly less towards
north. Near Jongchen (Gyamthing Valley), it is barely
five metres. Towards east in the Kumaon area also,
the Gungri Formation is extensively developed. It
is observed throughout the Zanskar area where it
rests over the Phe Volcanics and is mostly very thin
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Figs.2.51—2.59

Explanation of Figs. 2.51 - 2.59

Fig. 51. 7 Cochlichnus, Po Formation. Loc. Na Dogri. Fig. 52. Pebble conglomerate enclosing a granite pebble,
Ganmachidam Formation, Loc. 100m east of Staging Hut, Chango. Fig. 53. Conglomerate forming basal part of the
Gechang Formation at Gungri. Fig. 54. Coquina lag at the base of the Gechang Formation. Loc. Lalung. Fig. 55-56.
Eurydesma cordatum, Gcchéng Formation. Loc. Liwa Thach, 55. side view, 56. top view. Fig. 57. Neospirifer sp.
Gechang Formation. Loc. Khimokul La section. Fig. 58-59. Nodules in the Gungri Formation. 58. At downstream of
Atargoo, 59 at Jongchen. (Bar scale in 2cm).
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and contains thin calcarenite bands. The limestone
beds reported by Ganesan ef a/,(1981) in the Kuling
Formation are considered as the tectonic slices of
the Lilang Group (personal communication S.V.
Srikantia). Similarly, the Triassic of Frank et al, (1977)
in the Indus Suture Zone, according to S.V. Srikantia.
is mostly Gungri rocks tectonically involved within
a schuppen zone.

Age : The fossil assemblage of the Gungri
Formation suggests an age ranging from Djulfian
to a part of Dorashmian. The uppermost Dorashmian
clements have not been reported so far.

The age analysis of the Gechang and the Gungri
Formation indicates absence of Kungurian to Midian,
thereby suggesting a break between the Gechang
and the Gungri Formations (Gaetani et al, 1990:
Bhargava et al, 1991b).

2.4 MESOZOIC
2.4.1 Lilang Group

A thick and mainly a carbonate rich sequence
was named by Stoliczka (1865) as the Lilang System
after the village of the same name (spelt as Lalung in
the modern toposheet) in the Lingti Valley. It was
subdivided into nineteen biostratigraphic subdivisions
by Diencr (1912, 1915). The term Zangla suggested
by Nanda and Singh (1976) for the Lilang sequence
is superfluous. Srikantia (1974, 1981) redcsignated it
as the Lilang Group and subdivided it broadly into
five formations of unproven mappability. The names
suggested by Srikantia (1974, 1981), save Alaror,
could not be adopted for the reasons stated in the
introduction. During the present mapping, it has been
possible to divide the Lilang Group into nine units
(Bhargava, 1987), all of which are mapable in large part
of the area on 1:50,000 or 1:100,000 scale. These do
not coincide with the subdivisions suggested by
Srikantia (1974, 1981). The formations adopted here
have been mapped all over the Spiti Valley (Bhargava,
1987), but not differentiated in the Kinnaur arca, where
mapping had preceded that of Spiti. Description of
these formations is as follows:

2.4.1.A Mikin Formation
This is the oldest diagnostic lithounit of the

Lilang Group, named afler a village in the Parahio

Valley, where its excellent section is exposed. It is
ubiquitously well-developed specially near Guling,
north of Lalung village. on the right bank of the
Lingti, north of Poh, Tabo, in the Pinglung Valley
and north of Mandaungsar.

It forms a stcep lopography over (he gentle
slopes of the Gungri Formation and can be recog-
nised from a distance (Fig.2.6+ and 2.73). However,
due to distortion caused by steep topography, this
formation is not always decipherable in aerial pho-
tos. The Mikin Formation represents the
biostratigraphic zones of Otoceras, Ophiceras.
Meekoceras Zones, Hedenstroemia Beds, Basal
Muschelkalk, Nodular Limestone, Lower Muschelkalk
and Upper Muschelkalk.

Below the Gungri-Mikin contact occurs 1 to
15cm thick ferruginous bed having sharp contacts
with both the underlying and overlying rocks(Fig.
2.63).

The Mikin Formation is made up of thick to
medium bedded, grey to dark grey dolomite, which
is cherly at places. Dark grey to ash grey, cherty
shales having limited strike continuity are sporadi-
cally present in the sequence. The sequence shows
sedimentary cycles commencing with pure carbon-
ate and ending in a carbonate-shale unit. A network
of ferruginous veins along and across the bedding,
imparting a nodular character, is the most diagnos-
tic feature of this formation (Fig.2.68). Nodular and
wavy bedding. sporadically minor subaqueous slumps
and ophiceratids shells (Fig.2.69) arc prominent
features of this formation. It has disconformable
and conformable contacts with the underlying Gungri
Formation and the overlying Kaga Formation re-
spectively.

The lithological details of the Mikin Forma-
tion in the Lalung section are furnished in Fig. 2.76a
and Appendix-XI.The Mikin Formation is uniformly
developed in Spiti and Kinnaur. Its extension in
Zanskar has not yet been cstablished, though rocks
having similar stratigraphic position and microfacies
ar¢ known from Kumaon

The following conodonts, foraminifers and
ostracodes have becn recorded from this Forma-
tion:

Conodonts* : Anchignathodus cf. typicalis
Sweet!,Celsigondolella  watznaueri  Kozur?
Cratogndthodus kochi Huckriede?, Cypriodolella
mulleri?, C.scolosculpture?, Diplododella sp.!, D,
magnidentata?, Ellisonia triassica Muller!-2, Ellisonia
gradata Sweet’, E. nevadensis Muller’, E. teicherti
Swectl? Enantiognathus ziegleri®, Gladygondolella
tethvdis®, Hadrodontia sp.°, Hibbardella of
subsymmetria Muller', Hindeodella (Metaprionoides)
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spengleri?. H. (M). petraevirdis?, H. (M)
multihamata, H.(\). suevica®, H. (AJ). pecteniformis’,
Lonchodina sp.'. L. hungarica’. L. aequiarcuata
Muller!, 7. posterognathus?, . mulleri?,
Neogondolella planata®, N. carinata’3. N. navicula®?,
N. mombergensis’, N. constricta®, N. steinbergensis?,
N.  bifurcata’, N bulgarica’®, N. jubata? N.
shoshoensis?, N. prekummeli’, Neohindeolella
nevadensis®,  Neospathodus dieneri’?, N.
novaehollandites’. N. labiatus®?, N. spitiensis’, N.
waageni®3, N. Ozarkodina tortillis?, Paragondolella
sp.2, P. timorensis’, N. kummelli Sweet!, N. kristagalli
Huckriede?, N. descritus’, N. kockel’. N.
pakistanensis’, N. homeri?, N. triangularis®, N.
Jhelumi®, N. srivastavai’, N. germanicus®. N. spathi’,
excelsa?, Platyvillosus costatus?, Prioniodella
prioniodellides Tatge!, Prioniodella sp.?, P.
ctenoides’, P. aff. prona’, P. excavata’, P.
magnidenta®, P. mulleri?, P. spengleri’, Roundva
A% Roundva B?, Roundya C?, Roundya D?, Roundya
mebneri?, Spathognathodus Sp.?, Xaniognathus
curvatus Sweet!, X. deflectens Sweet’.

Foraminfera® : Ammobaculites inconspicua
Cushman and Waters!, 4. radstadensis Kristman-
Tollamn’, Ammodiscoides sp.’, Ammodiscus erugatus
Crespin/, 4. parapriscus Ho?, Ammodiscus sp.’-,
Ammovertella sp.°, A. labyrintha sp. Ircland’,

A..prodigalis Treland’, A. undulata Galloway
and Harltan!, Bathvsiphon sp.’, Bolivina lathetica
Tappan/, Citharinella chapmani Marie!, Dentalina
bucculenta Schwager’, D. cassiana Gumbel’, D.
collisa Schwager’, D. kornyephora Gumbel’,
Earlandinita sp.’, Frondicularia sp.!, Glomospira
sp.’. Glomospirella sp.°, Lituotuba sp.'?,
Lituotubella glomospiroides Rauser-Cernousova,
Meandrospira sp.?, Nodosaria cushmani Paalzow’,
N. decoris Crespini', N. bambusa Chapman’, N.

crassula Crespin!, Schizaminna sp.!, Uzbekistania
3

sp.”.

Ostracodes® : Bairdia sp.!?, B. mesotriassica
Gocl et al', B. mocki!, Hungarella sp.?, Hungarella
ussuriensis Gramm‘, Paraberounella oertillii Kozur',
Patellacythere spitiensis Goel et.al,’.

&

Age: The fossil assemblage suggests an age
ranging from Scythian to Anisian for the Mikin
Formation.

2.4.1.B Kaga Formation

This formation is named after the stream Kaga,
a tributary of the Parahio River, where it shows
excellent lithologic and faunal development. Good
sections are also exposed along the right bank of
the Lingti river. north of Lalung and Angla villages.
In between the precipitous slopes constituted of
the Mikin and Chomule Formations, the Kaga
Formation forms gentle topography (Figs.2.64, 2.70,
2.73). On account of earthy colour on weathered
surface and softer topography. it is recognisable
from a distance and also on aerial photos. It has an
intercalated and gradational contact with the Mikin
and Chomule Formations respectively.

The Kaga Formation is constituted of light to
dark grey. green calcareous shale and sporadic thin
lenticular beds of grey limestone and dolomite. The
shale and carbonate alternation constitutes a cycle.
There are several cycles of shale-carbonate alterna-
tions. This formation is rich in cephaloﬁod fauna.
In the Kaga section, the cephalopods (Bhargava et
al, 1984d) occur as ‘organic dropstone’ crowded
along limestone-shale interface in the basal beds
(Fig.2.71). The lithologic composition of the Kaga
Formation in the Lalung section is depicted in Fig.
2.76b with details given in Appendix-XII.

The Kaga Formation is well developed through-
out the Spiti Valley. In castern Kinnaur too, it is
consistently developed and well exposed in the
Tidong and Gyamthing Valleys and on the Dunthi
Peak in the Baspa valley. Its mapping so far has
not been extended in the Lahaul-Zanskar area.

Age : The Kaga Formation corresponds to the
Daonella Shale biostratigraphic horizon, which is
regarded to be of Ladinian age (Diener, 1912).

2.4.1.C Chomule Formation

Named after a locality along the left slope of the
Spiti Valley, near Tabo, this formation shows good
development throughout the valley, specially along
the left bank of the Lingti, opposite Lalung village
and the lcA bank of the Pin-Parahio, opposite Guling
village. It corresponds to the biostratigraphic subdi-
visions of the Daonella Limestone and Halobia Beds
(Diener, 1912). Throughout the area this formation
forms precipitous slopes (Fig.2.64, 2.67,2.74) and is
casily identifiable from a distance (Fig.2.77). It has a
conformable contact with the Sanglung Formation.

A (1 . Bhatt and Joshi, 1978b; 2. Bhargava and Gadhoke, 1988; 3. Goel, 1977; 4. Bhatt ef al, 1981b) . B and € (1. Goel er al, 1981;

2. Bhargava and Gadhoke, 1988; 3. Bhatt and Joshi, 1978b).
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Figs.2.62—2.64

Explanation of Figs. 2.62 - 64
Fig. 62. Vertical burrows along the upper surface of the Gechang Formation. Loc. Gungri. Fig. 63. A ferruginous
band along the Gungri-Mikin contact. Loc. Lingti (Atargoo) section. Fig. 64, A view of a part of the Lilang
Group opposite Lalung village. Lower most steep faced beds are of the Mikin Formation, followed by the gentle
sloped Kaga Formation. The steep slope above it is of the Chomule Formation followed by the A - C Members
of the Sanglung Formation. (Bar scale is 4 ¢cm).
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The Chomule Formation comprises evenly bed-
ded (Fig.2.72), light grey dolomite in the basal part
and dark grey dolomite in the upper with local sub-
ordinate calcareous shale and marl. The uniform bed-
ding thickness, nodular and wavy beddings and
large subaqueous slumps (Fig.2.74-75) are charac-
teristic features of this formation. There are four to
five sedimentary cycles commencing from pure
carbonate and terminating into shale or argillaceous
carbonate. Some of the cycles are incomplete and
truncated by the next cycle. The detailed lithology
of this formation in the Lalung section is furnished
in Fig. 2.76¢c and Appendix-XIII. In view of dis-
covery of abundant radiolarian and calcispheres
recmains (Bhargava and Gadhoke, 1988) in samples
around 14m above its base, it is necessary that the
entire Chomule Formation be closely sampled for
micropalaeontological studies.

The Chomule Formation more or less main-
tains its thickness throughout the Spiti Valley and
is consistently developed in the Gvamthing Valley
on a spur two kilometres cast of Manchap Thach
and on the Dunthi Peak in the Baspa Valley.

Age : The Chomule Formation corresponding
to the Daonella Limestone and Halobia Beds is
interpreted to range in age from late Ladinian to
carly Carnian.

2.4.1.D Sanglung Formation

Named after a locality in the Lingti Valley (inad-
vertently referred to as the Pin Valley in Bhargava,
1987). the Sanglung Formation shows equally good or
better exposures in the Pin Valley. This formation has
been subdivided into three members cach of which, in
fact.could be raised to formational level. However. due
to ruggcd terrain and complicated folding. it has not
been possible Lo map these members in all the sec-
tions. In scctions where the middle calcareous unit
pinches out. it beecomes difficult to distinguish be-
tween the lower and upper units. Morcover. though
the pinching of any of these units can be viewed in
scveral scctions, it has not been possible to closely
cxamine whether the pinching is sedimentologic or
tcctonic. Due to such constraints, it has been thought
Jjudicious to accord member status to these subdivi-
sions and diffcrentiate them on map, wherever possi-
blc. To avoid multiplicity of names, these members
have been designated as A, B and C.

2.4.1.D, Member A : It is well devcloped 7t Sanglung

and also in the Pin, Pare and Giu Valleys. It corre-
sponds to the Grey Beds of Diener (1912). The Member
A constitutes gentle to steep slopes (Fig.2.76) and
selectively can be picked in aerial photos. It has an
intercalated contact with the Member B.

The Member A comprises grey shale which,
on weathering, acquires ash grey shade. Limestone/
dolomite, earthy dolomite (marly) and siltstone
interbeds occur in specific sequential arrangement
at different stratigraphic levels, forming part of dif-
ferent cycles. Each cycle initiates with pure carbon-
ate and terminates into shale/siltstone unit. Some
cycles are incomplete. Nine such cycles were iden-
tified in the Lingti section. Cephalopod wheeling
traces are known from this member (Fig.2.87). Its
sequence, as exposed in the Lingti Valley, is given
in Fig. 2.78a and Appendix-XIV a.

Age : The Member A is regarded to represent
a middle Carnian age corresponding to the Grey
Beds (Diener, 1912).

2.4.1.D, Member B : It is also well exposcd al
Sanglung, opposite Lalung village and in the Pin
Valley. Intricately folded, it forms precipitous slopes
(Fig.2.73). Due to steep topography and vertical
distortion it is selectively picked up in the aerial
photos. The Member B is the lithostratigraphic
equivalent of the Tropites Bed. It has an interca-
lated contact with the Member C.

It is made up of bedded grey limestone, dolo-
mitc (cherty in upper part). subordinate shale, siltstone
and sandstone. These lithounits arc repeated at sev-
cral stratigraphic levels forming parts of differcnt
cycles. Each cycle begins with carbonatc and cul-
minatcs in a shale/sandstone bed. Bhargava and

Gadhoke (1988), have reported conodont
Gladigondolella  tethydis and foraminifers
Ophthalmidium  triadicum  (Tollman) and

Arenovidalina chialingchiangensis Ho from this
member. The details of sequence of the Member B,
as cxposcd in the Lingti Valley, are depicted in
Fig.2.78b and Appendix-XIV b.

Age : It has the same age as that of the Tropites
Bed i.e. late Carnian (Dicner, 1912).

2.4.1.D; Member C : 1t is well developed along the
Atargoo-Guling road and in the Hal Nala forming
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Explanation of Figs.2.67 - 2,73

Fig. 67. Zoophycos in the Gungri Formation. Loc. Lingti section. Fig. 68. Nodular bedding and ferruginous network
in the Mikin Formation. Loc. Guling section. Fig. 69. Ophiceratids in the Mikin Formation. Loe. Guling section.
Fig. 70. Mikin, Kaga, Chomule, Sanglung Formations in hill behind the Mud village. The remaining formations of the
Lilang Group are exposed in the distant hill. Fig. 71. Cephalopod occurring as dropstones, in Kaga Formation. Loc.
Kaga Nala. Fig. 72. Even-bedded Chomule Formation. Loc. near Rama, (Lingti Valley). Fig. 73. A view of part of
the Lilang Group. Loc. Lingti right bank, Lalung.
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steep to gentle slopes (Fig.2.73). It corresponds to
the Juvavites Beds. The Member C has a sharp to
intercalated contact with the Hangrang Formation.

The Member C is constituted of shale, ferru-
ginous cross-bedded sandstone and breccia with
angular to subangular boulder to cobble size frag-
ments of limestone and sandstone (e.g. Hal Nala
section). The shale and siltstone on weathered
surface are of brown to greenish in colour.

The sandstone shows low-angled cross-bedding.
Interference ripple marks are present in the dolomite
and sandstone beds. 15 10 29 cycles are present in the
Member C, each cycle commencing with carbonate and
terminating in shale. Bhargava and Gadhoke (1988)
recorded ostracodes Bairdia mesotriassica Goel et al,
(1984) and Hungarella sp. from this member. Com-
plete sequence of this member, as exposed at Atargoo-
Guling and Lingti sections, is presented in Fig. 2.78c
and Appendix-XIVc.

Age : The Member C (= Juvavites Bed) repre-
sents early Norian age (Diener, 1912).

In eastern Kinnaur, the Sanglung Formation is
exposed in the Gyamthing Valley.

2.4.1.E Hangrang Formation

Named after the Hangrang Pass, this forma-
tion, besides at the type locality (Fig.2.82), shows
good development at Tapuk (Kinnaur), Giu Na/a,
Chidang, Pin-Parahio confluence, Lalung section and
Rangring (Fig. 2.83, spelt as Rangrik in the latest
toposheet). Occurring in between the Sanglung
Formation (Member C) and Alaror Formations, the
Hangrang Formation provides a steeper face and
can be recognised from a distance (Fig. 2.82). This
formation is equivalent of the Coral Limestone. It
has an intercalated to sharp contact with the Alaror
Formation.

The Hangrang Formation comprises light to
grey- massive dolomite. In most of the sections, it
shows abundance of coral and hydrozoan in hand
specimen. Corals in ‘in-growth’ position indicate
reefoid nature (Fig.2.84-86). The dolomite in between
such reefoid structure varics from coarse ooidal to
fine micritic. In the Hangrang area, below the main
coral colonies, there occur large solution cavities
filled by material mostly having ferruginous contents.
These possibly provided hard substrate for coral

growth. There are numerous microfacies in the
Hangrang Formation which inter-finger within short
stretches. Thus no sequence of microfacies can be
built, though reef at Pin-Spiti' confluence (Bhargava
and Bassi, 1985) and Hangrang do show some zoning.
The reefoid structures vary in size from a few square
metres (e.g. Lalung section) to about one kilometre
(at Hangrang). Its outcrops at Hangrang occur at
different topographic levels and localities due to
structural complications (Fig. 2.79). In general, the
sequence commences with a zone of solution cavities
of various sizes having a horizontal floor and an
irregular roof filled with ferruginous, micritic, quartzose
and sparitic materials. It is followed by a solitary
coral zone. Two to three such cycles of reef growth
are identifiable in different sections. The reef part of
the Hangrang Formation at the type section was
studied at three places, viz. A, B and C (Fig.2.79).
The details of these sequence are given in Fig.2.80
and Appendix-XV. The Hangrang Formation shows
wide thickness variations. In most sections it shows
both sedimentological pinching as well as tectonic
pinching (e.g. Hangrang Pass). Though present
everywhere, it has been plotted in map where actually
examined.

Age : The Hangrang Formation , equivalent
to the Coral Limestone, represents Norian (Diener,
1912) or early middle Norian age (Bhargava and
Bassi, 1985).

2.4.1.F Alaror Formation

This name, suggested by Srikantia (1974, 1981)
after a locality between Kioto and Lagudarsi Pass,
has been adopted in the present work., The Alaror
Formation, as redefined here is , however, different
in the lithologic assemblage from the one defined
by Srikantia (1981). This formation resting con-
formably over the Hangrang Formation is excel-
lently developed along the Atargoo-Guling road,
about one kilometre upstream of the Pin-Spiti con-
fluence and forms gentle to steep slope. However,
its resolution is not very clear on aerial photos. It
has a normal conformable contact with the under-
lying and overlying Hangrang and Nunuluka For-
mations respectively. It corresponds to the
biostratigraphic subdivision of the Afonotis Shales.

The Alaror Formation consists of dark grey to
brownish shale with subordinate limestone and
dolomite. In the Lalung section, it shows tempestite
layers of shells, followed by low angled cross-bed-
ding. In sections where the Hangrang Formation/is
not developed., it is difficult to distinguish it from
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the Member C (Sanglung Formation), hence in the
map il has been given same colour as the Sanglung
Formation. Three complete sedimentary cycles are
identifiable in the Alaror Formation of the Atargoo
road section. The lowest cycle is incomplete and
begins with shale and terminates in shale with nod-
ules. The next cycle commences with shale and
limestone and ends up with shale. The remaining
cycles begin with argillaceous limestone and end in
clastics. The detailed sequence is illustrated in
Fig.2.81a and tabulated in Appendix-XVI. The Alaror
Formation is more or less uniformly developed in
the Spiti basin and in the Gyamthing Valley of the
Kinnaur basin.

Age : The Afonotis Shale, which is the
biostratigraphic equivalent of the Alaror Formation,
has been assigned a Norian age (Diener, 1912)-
possibly late middle Norian.

2.4.1.G Nunuluka Formation

The best exposures of this formation are avail-
able along the Atargoo-Guling road. Since no lo-
cality name exists in this section, this formation
has been named after Nunul:!a, which is a local-
ity nearest to its best section. The Nunuluka For-
mation has a gradational, intercalated and conform-
able contact with the Alaror Formation and also
with the overlying Kioto Formation. This Forma-
tion is equivalent to the Quartzite Series (Hayden,
1904). In sevcral sections it acquires yellowish colour
on weathering and can be recognised from dis-
tance. Its resolution in aerial photographs is, how-
ever, not apparent.

The basal par' of the Nunuluka Formation com-
priscs gritty, grey to pale white sandstone showing
low-angled cross-bedding, sub-parallel bedding with
low truncation surfaces and ripple marks. Upward, it
is followed by coarse argillacecous sandstonc. Sub-
ordinate interbeds of grey shale and arenaccous
dolomite occur within this sequence. Rare pebbles,
along with broken shell in the upper part, are re-
corded along Atargoo-Guling road. In this section
three main cycles, each beginning with carbonate
and ending with clastics, are identified. The se-
quence of this formation, as observed along the
Atargoo-Guling road, is presented in Fig.2.81b and
Appendix-XVII.

Hayden (1904) regarded the Quartzite Serics
(= Nunuluka Formation) as a marker bed. In the present
mapping, this formation was found to be absent in

several sections. This absence was explained by Fuchs
(1982) as due to tectonic elimination and by Bhargava
(1987) by sedimentary overlap.

In the Kinnaur basin. it is exposed at Tapuk in
the Gyamthing Valley.

Age : The Quartzite Series (= Nunuluka For-
mation) has been assigned a Norian age (Diener,
1912).

2.4.1.H Kioto Formation

This name was suggested by Hayden (1904). Its
sequence, especially the lower part, was also referred
as Megalodon Limestone by Diener (1912). Srikantia
(1981) proposed Simokhomda for the same sequence.
In the present write-up, the name ‘Kioto’ is being re-
tained. The Kioto Formation occupies a major part of
the Spiti Valley, mostly forming precipitous slopes.
Due to this reason, it has not been possible to meas-
ure any complete section of this formation. It forms
steep topography and can be recognised in field from
a distance and also in the aerial photos (Fig.2.44).

In fully developed sections, the Kioto Forma-
tion rests conformably along a gradational contact on
the Nunuluka Formation. In other sections, it rests
abruptly over older formations (e.g. over the Alaror
at Lidang and over the Lipak in Phiphuk section). It
is divisible into two members, viz. the Para and the
Tagling Members. These members, on the basis of
their broad lithologic characters, can be mapped in
most of the sections.

2.4.1.H, Para Member : It is a successor to the
Para Limestone of Stoliczka (1865) and Para Stage of
Hayden (1904). It forms conspicuous and stecp
topography and is excellently exposed along the
Atargoo-Guling road and above the Ki village.

The Para Member is made up of grey, pale,
creamish, sporadically cherty, massive to thick bedded
ooidal and pisoidal dolomite and limestone. Pisoidal
structures are visible along the Ki-Kibber road (Fig.
2.88). Recrystallised, whole as well as fragmented,
megalodontid shells are abundant in most of the
sections. There are innumerable cycles commencing
with oolitic or coarser material, ending into a medium
lo fine grained carbonate. Small representative scctions
of the Para Member, as exposed near the Ullah Nala
and near Rangring, are presented in Fig.2.91.
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Fig. 2.74. Subaqueous gravity slumps in the Chomule Formation. Loc. Hal Nala section, about 3km upstream of its

confluence with the Spiti.

2.4.1.H, Tagling Member : Nomenclaturally, this
member corresponds to the Tagling Limestone
(Stoliczka, 1865). The presently defined Tagling
Member, however, is broader based and has lithol-
ogy rather than fossil contents as basis of its defi-
nition. It is excellently exposed near Sakti, Giumal
and Kibber areas. It forms somewhat sofler to-
pography and is recognisable in aerial photos. It
has an imperceptible conformable contact with the
Para Member and a sharp contact with the overly-
ing Spiti Formation.

The Tagling Member comprises dark greyish
bluc, fine grained, chenly dolomite, shell hash lime-
stone, lenticular conglomerate, arenaceous limestone,
ooidal, pisoidal and peloidal limestone, dolomite
and marl. All these units are ferruginous, which on
weathering, acquire an earthy brown colour. The
conglomerate bed in its upper part at Sachibang has
an uneven contact with both the underlying and

overlying units. It shows wavy and parallel bedding
and large cavities filled with arenaceous material
and clasts in the Sachibang section. The upper part
of the Tagling Member is rich in clam shells and
Belemnites fossils, which at places show hash tex-
ture. In Tangmor section, shell hash limestone shows
several coquina bands and sub-parallel to low an-
gled cross-bedding. It is conspicuously bioturbated
in Salache-Sakti area. Locally occur 30cm? to 1m?
sized reef knobs mainly made of Thecosmilia colo-
nies. Bhargava and Gadhoke (1988) have reported
foraminifers Diplotremira sp. (Fig.2.89), Endothyra
sp.. Textularia sp., Tetrataxis sp. and Trochamina
sp. and some biserial form (Fig.2.90) from this mem-
ber.

The Kioto Formation is ubiquitously developed
in Spiti, Kinnaur (Gyamthing Valley), Kumaon and
Zanskar. The Tagling Member, as defined here, is
possibly an equivalent of a part of the Laptal ‘Beds’
of Kumaon.
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Fig. 2.75. Subaqueous gravity stlumps in the Chomule Formation. Loc. in a Nala section about 2km west of Kiomo.

Age : The basal part of the Kioto Forma-
tion was assigned a Rhaetian (Stoliczka, 1865;
Greisbach, 1891) age, later a Norian age was
suggested (Pascoe, 1968). Lower Kioto (= Para
Member) was assigned latest Triassic age by
Gaetani et al, (1986).

Its upper age limit has been defined as middle
Jurassic on the basis of fossil resembling
Stephanoceras coronatum, which occurs about 112m
below Lhe base of the Spiti Formation (Pascoe, 1968).
Late Liassic to early Dogger age was suggested by
Gaetani et al, (1986). Bhargava (1987) suggested
Rhaetic to Dogger age for the Kioto Limestone.
However, the fossil control is not unambiguous and
the age range of the Kioto Formation certainly needs

refinement. It may possibly represent an early Rhaetic
to Lias age, as was originally suggested.

2.4.2 LAGUDARSI GROUP

The Spiti, Giumal and Chikkim Formations were
carlier classified under the Kibber Group by Srikantia
(1981). Kibber village is situated over the Kioto
Formation near its contact with the Spiti Formation.
The Giumal and Chikkim Formations are nowhere
exposed in its vicinity. The name Kibber is, therefore,
inappropriate. Since this name has not been
subsequently used, the present authors propose a
new group name after the Lagudarsi Pass, situated
on the Spiti Formation near its contact with the
Giumal Formation. The Chikkim Formation is exposed
about 500m west of this pass.
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2.4.2.A Spiti Formation

The name Spiti Shale was proposed by Stoliczka
(1865) for a sequence resting above the Kioto ‘Lime-
stone’ and below the Giumal 'Sandstone’. Srikantia
(1981) redesignated it as the Spiti Formation. The
Spiti Formation is exposed in isolated synclinal
outliers. It forms a subdued topography, which
can be easily deciphered in aerial
photos. Due to its black colour it can be recog-
nised from a great distance. The Spiti Formation
has a sharp contact with the underlying Kioto
Formation and an intercalated contact with the
overlying Giumal Formation.In the Lingti section
(e.g. near Sachibang), the sequence of the Spiti
Formation commences with grey, non-carbonaceous
lenticular, ferruginous, fine grained sandstone/
siltstone, varying in thickness from one (o two
metres. In Salache section, its thickness is 2 cm
to 10 cm. Within this bed occur dark grey
ferruginous oolitic bands which, for considerable
distance, occupy the same stratigraphic level. This
part is rich in Belemnites which occur aligned parallel
to the bedding. This oolitic sequence has a gra-
dational contact with the Kioto Formation of which
it is considered to be a part. It is succeeded along
a sharp contact by a sequence of micaceous shale.
This part encloses Astarte shells. The nodules in
this sequence are mostly cherty. oval to spherical
and vary in size from four to cight centimetres. In

the adjoining section, there occur small lenses of
shelly limestone in the basal part of the Spiti For-
mation, which have a sharp contact with the un-
derlying Kioto Formation. In the upper reaches
of the Phiphuk Nala, the contact between the
Spiti Formation and the Kioto Formation looks ap-
parently conformable. In this section, fine grained
sandstone bands occur in the middle part of the
Spiti Formation. Local boulder bed exists in the
upper part of the Spiti Formation in the Giumal
section (Bhargava ef al, 1987). The matrix, as well
as the clasts, are of fine silty material. Phosphatic,
cherty and calcareous nodules, varying in size from
a few centimetres 10 20 cm, are distributed throughout
the sequencs. Several nodules enclose fossils as
nucleus. The shale locally includes fine laminae
of chert. Large ammonite shells and occasionally
shale have formed hard ground and are encrusted
by burrows. The lamellibranchs are both thin and
thick shelled. The siltstone and sandstone beds
in the Spiti Formation display rare parallel and graded
beds of limited thickness. The shale of the Spiti
Formation weathers easily, hence outcrops are rare.
Only gorges show good outcrops. As gorges are
difficult to negotiate, no full section of the Spiti
Formation could be measured. The thickness
mentioned in the map is computed from various
cross-sections, hence approximate. Jain and Mannikeri
(1975) reported ostracode from the ‘Chidamu Stage’
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Fig. 2.79. Sketch map to show outcrops of the Hangrang
Formation near Hangrang Pass. (Not to the scale). 1.
Sanglung Formation, and 2. Hangrang Formation.

of the 'Spiti Shale’ ‘exposed near Kibber'. The
outcrop of the Spiti Formation in the immediate
vicinity of Kibber occurs as a huge landslide. This
report, therefore, probably has no stratigraphic value.
The Spiti Formation is developed from Zanskar to
Kumaon in isolated synclines with identical lithology.
It is exposed in eastern Kinnaur at Tangpa Dok in
the Gyamthing Valley.

Flows/sills upto 30 cm thick are observed within
this Formation in areas south of the Spiti River.

Age : The Spiti Formation was assigned an
age between Oxfordian and latest Jurassic (Krishnan,
1982) to earliest Cretaceous. Heim and Gansser (1939),
on the basis of their work in Kumaon, suggested a
Portlandian to Tithonian age for this Formation.
Based on ammonite remains, Jaikrishna (1983) in the
Kumaon area assigned an age ranging from Oxfordian
to Valanginian. Since the Spiti set-up is highly
comparable with that of Kumaon, the present authors
suggest the same age range for the Spiti Formation
of Spiti-Kinnaur area as well.

2.4.2.B Giumal Formation

This name was suggested by Stoliczka (1865)
after Giumal village (spelt as Domal in the modern
toposheet). It was redesignated as the Giumal Forma-
tion by Srikantia (1974). It shows good exposures at
Domal, Lagudarsi Pass, Langja and Sakti. The Giumal

Formation forms conspicuous topography and on
aerial photos shows darker tone. It has an intercalated
contact with the underlying Spiti Formation and a
rather sharp contact with the Chikkim Formation. The
Spiti Formation develops sandy beds in the upper part
and passes into the Giumal Formation.

The Giumal Formation comprises sandstone,
siltstone, silty shale and shale with local conglomer-
ate lenses. In the basal part, it is interbedded with
black shale forming a sort of transition between the
Spiti and Giumal Formations. The transition is best
exposed at the Lagudarsi section. The sandstone in
the basal most part is calcareous (Domal section) and
is sporadically oolitic in Kinnaur (Fig.5.28). This
horizon contains body and trace fossils. In the upper
part, the sandstone is medium to coarse grained and
glauconitic. The sandstone varies in colour from pale
green, maroon, off white to grey. Both the clasts and
matrix in conglomerate are composed of quartz.

In Latarse section, the Spiti Formation in its
upper part contains white to pale white sandstone,
which in top most level has lenses of fossiliferous
limestone. It is overlain by carbonaceous siltstone
with sandstone bands, which are locally glauconitic.

Upward it is followed by glauconitic shale which
in the upper part has several gritty bands contain-
ing black shale pebbles. The overlying sequence is
coarse to gritty, occasionally micaceous sandstone
having variable glauconitic content. The uppermost
unit immediately-below the Chikkim Formation has a
persistent gritty-marl horizon enclosing complete shells
in clusters.

Near Tanglangba (Domal type section), the
Giumal Formation has too many black shale bands in
its basal part. The sandstone in the basal part is pale
white, pale green, reddish grey, highly crystalline and
is locally gritty. The basal part is rich in trace fossils.
Just below the Charna Pass and near Domal Pass, the
conglomerate has a few clasts of boulder size. The
clasts, as well as matrix, are arenaceous. Shelly calcar-
eous siltstone/marl is present in this section as well.
The entire sequence represents four mega fining-up
cycles. The succession of the Giumal Formation in
the Lagudarsi-Chichim section is given in Fig.2.92a
and Appendix-XVIIL.The Giumal sandstone is ex-
posed in eastern Kinnaur at Tangpa Dok.

Age : The Giumal Formation is considered to
be not older than Valanginian or Lower Hautervian
or younger than the Albian. (Krishnan, 1982).
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2.4.2.C Chikkim Formation

The nomenclature of Chikkim was suggested by
Stoliczka (1865) after the Chikkim peak (spelt as
Chichim in the modern toposheet) in the Spiti Valley,
where it is well-developed. This formation is divisible
into two mappable members (Srikantia, 1981), viz., (a)
Limestone Member and (b) Shale Member.

2.4.2.C, Limestone Member : Earlier, this was re-
ferred to as the Chikkim Limestone. The colour contrast
with the Giumal Formation makes the Limestone
Member stand out in the field. However, due to
limited thickness in a high relief terrain, it is not
easily noticeable in aerial photos.

The Limestone Member, conformably rest-
ing over the Giumal Formation, comprises grey-
ish blue dolomitic limestone. At its base occurs
an argillaceous limestone with broken shells. NW
of Chichim village, Srikantia (1981) reported a
2m metres thick carbonaceous shale with 20-30cm
thick quartzite bands along the Giumal Forma-
tion-Limestone Member contact. The upper part
of this Member is well-bedded and argillaceous.
Within the carbonate sequence, there are a few
thin siliciclastic bands and sporadic dark grey
pyritous limestone. Three complete and one in-
complete sedimentary cycles are recognisable in
the Chichim area. The earliest cycle begins with
sandy carbonate and ends with shale through
argillaceous limestone with shale partings. The
subsequent cycles begin with marly limestone and
end up in shale. Sequence of the Limestone Mem-
ber, as exposed at the Chikkim peak section, is
shown in Fig. 2.92b and Appendix-XIX. The units
‘f” to i’ form a transition from the Limestone Member
to the Shale Member.

Age : The age of this Member may range from
Cenomanian to Turonian (Kohli and Sastri, 1956).

2.4.2.C, Shale Member : This member in earlier
literature was referred to as the Chikkim Shale. It
forms a subdued topography and is at once
identifiable in field and aerial photos.

The Shale Member rests conformbly, along a
transition to intercalated contact, over the Lime-
stone Member. This Member, having a thickness of
about 254m in Chichim section, comprises grey.
ash grey silty shale, shaly limestone/marl, and fire
siltstone bands. It shows parallel to poorly devel-
oped graded bedding. Jain and Gupta (1973) have

recorded a foraminiferal assemblage from the Chikkim
Shale without assigning it to any stratigraphic level.
The Chikkim Formation in the Spiti Valley is devel-
oped at Chikkim peak and fakti area. It is absent in
Kinnaur. Its equivalent is exposed in Kumaon, which
has been referred to as Jhangu Formation by S. Kumar
et al, (1977). It is also known from the Zanskar area.
where it is succeeded by the Palaeocene-Eocene
sequence.

Age : It has been assigned a Campanian to
Maestrichtian age on the basis of various species of
Globotruncana recovered from these shales.

2.5 QUATERNARY

The Quaternary sediments are present through-
out Spiti and Kinnaur and provide useful material
for Quaternary sedimentological studies in a young
mountainous terrain, which selectively still retains
first order topography. However, except in a few
isolated sections, no detailed study of the Quater-
nary sediments was carried out during the present
mapping. In the present study, the Quaternary
sediments have been classified under four major
subheads, viz. (a) glacial to fluvio-glacial depos-
its, (b) fluvial deposits, (c¢) lacustrine deposits and
(d) semi-to unconsolidated scree/ fan /talus.

2.5.1 Glacial-Glaciofluvial Deposits

These deposits are mainly confined to the higher
reaches of the slopes and valleys. True glacial de-
posits are found only along the present day glaciers
as lateral, terminal and surface moraines. Elsewhere,
these have been reworked by fluvial agencies. These
deposits comprise erratics, boulders, cobbles and
pebbles with total percentage of clasts around 20%
embedded in a rock flour varying in size from sand
to clay. Many of the clasts have been well rounded
by subglacial streams. These outcrops are discon-
nected and lenticular in nature.

2.5.2 Fluvial Deposits

The fluvial deposits are present as terraces
within the Satluj and Spiti Valleys and also along
the tributary valleys. Mainly three levels of terraces
have been recorded.

The fluvial deposits present a complex history
of sedimentation. These deposits can be subdivided
into (i) true fluvial deposits, which were and are being
deposited along the river course, between river bed
and flood plain (Fig.1.12, 2.93), (ii) the fan material
which was partly reworked and modified by the axial
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Fig. 2.80. Litholog of the Hangrang Formation at Hangrang. Expl: 1. Crinoid, 2. Sponge, 3. Thecosmilia Colony, 4.
Solitary corals, 5. Algal bedding, 6. Stromatoporoid, 7. Oolites, 8. Oncolite, 9. Brachiopod, 10. Bird’s eye, 11. Fossil
debris, 12. Cavitics, 13. Arenaceous limestone, 14. Chain coral 15. Burrows/bioturbation. 16. Incomplete cycle.
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bedding and 11. Arrows indicate sedimenlary cycles, I.C. Incomplete cycles.
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drainage and (iii) partially reworked lacustrine depos-
its. A typical fluvial sequence is shown in Fig.2.94.

The fluvial deposits occur as moderately sorted
to well sorted layers having clasts of various sizes.
Each individual layers within itself is moderately
well sorted and shows fining of sediments towards
the physical top. Within the coarser clastic layers
occur syndepositionally deformed clay layers. A good
section of the fluvial deposits, exposed at Rangring.
shows clasts mainly of quartzite (white-Muth 19%;
pink-Thango 17%, green-Kunzam La 15.5% and buff
7%), limestone (cherty 17%; grey 14, earthy 2%),
conglomerate (5%) and granite (3.5%). These clasts
are contributed mainly by the Kunzam La-Thango
(45%), Muth (19%), granite (3%) and remaining
33% by the rocks from the Lilang Group. The clasts
are rounded (18.4%). subrounded (59%), subangular
(20.5%) and angular (1.5%). The composition-wise
rounding is as follows:

Pink Green White | Carbonate
Quartzite | Quartzite | Quartzite
Rounded 20% 43% - 10%
Subrounded 60% 43°% 50% 76%
Subangular 20% 14% 50% 15%
Augular - - - 0.5%

Most of the clasts of quartzite falling in rounded-
subrounded category belong to the Kunzam La For-
mation (green quartzite). followed by pink quartzite
(Thango Formation). The Kunzam La Formation is
exposed farthest from Rangring while the Muth is
nearest, with Thango having an intermediate posi-
lion. The roundness of quartzite clasts, with all other
factors remaining constant, seems to be directly pro-
portionate to the distance travelled by the rock. The
carbonate rocks, though exposed in the vicinity. also
show high degree of roundness. This can be related
to the hardness of the rock involved.

The present day sediments occur along vari-
ous bars, islands in braided channels and partly
overbanks. Along the first two, it is mainly the coarser
clasts, while sand and grit occur along the overbank
and the silt along local ponds/pool of water. Sand
and finer fractions are also present in fossil valleys.
Erosion takes place all the ycar round while most
of the load is transported on the onset of the melt-
ing of snow and excessive melting of glaciers, which
supplies enough encrgy (o the stream water. As the
melting ceases towards Septcmber, the carrying
capacity of the rivers is reduced and most of the

coarser clastics are deposited and finer material is
carried down stream. It is only during local flood/
ponding that finer sand is deposited in valleys of
the torrential rivers of these areas.

2.5.3 Lacustrine Deposits

These deposits are present along the Satluj-Spiti
and tributary valleys. The wide terraces occurring
along these valleys, as a rule, are made up of
lacustrine deposits (Fig. 1.12). These are excellently
developed at (a) Kioto, (b) Phaldhar, (c) Atargoo
(Fig.2.95), (d) Hurling, (e) Sumdo (Fig.2.96), (f)
Shalkar, (g) Chango (Fig.2.97), (h) Ganfa (Fig.1.18),
(1) Shiasu and (j) Kupa (Baspa Valley). Besides these,
the lake deposits occur discretely within the fluvial
deposits (Fig.2.98). The lacustrine sediments near
Atargoo rest over a poorly sorted rudaceous zone.
This coarser clastic zone occurs as a prism and is
traceable up the hill with a reduction in the thickness.
The overlying lacustrine sediments at Atargoo are
composed of loosely consolidated, varved, fine sand,
silt and rare grit and pebble beds. Locally, these
sediments show syndepositional slumps.

The Sumdo lacustrine deposit extends in the
Spili as well as Pare Chu catchments. In Spiti, the
sediments extended at least two kilometres upstream
of Sumdo. These show coarser lenses aligned in
NE-SW direction with size of clasts increasing to-
wards NE. Locally, coarser elements are N-S ori-
ented with increase in size of clasts towards north.
There are at least three major sedimentary cycles
between Sumdo and Kaurik in the Pare Chu catch-
ment. The main lake mud is, however, not exposed.
The coarser material, comprising grit, pebbles and
coarse sand invariably shows cut and fill structure
within the finer unit (medium to fine sand). The
finer material, due to superincumbent loading, has
been squeezed and syndepositionally deformed
(Fig.2.99). It shows ripple bedding, climbing ripple
lamination (Fig. 2.100), lenticular bedding (Fig.2.101)
and cross-bedding. Moving away from fan source,
i.e. lowards central part of the ‘lake’, the material
gradually becomes finer. The sequence at Sumdo is
terminated by coarser clastic which is capped by a
mud layer. These sediments are juxtaposed against
hard rocks east of Sumdo and have been dissected
by subsequent fluvial cycle.

Jainet al, (1969) have described Chara and Sub-
recent (? late Pleistocene) ostracodes Cypridopsis vidua
(Mueller), Herpetocypris sp and Candona candiola
(Mueller) from the lake sediments at Jete in Spiti.
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2.5.4 Talus Deposits

All along the slopes, on either bank of the
Spiti Valley, occur thick scree cones (Fig.1.12).
These contain angular fragments from uphill country
rocks and are unconsolidated to loosely consoli-
dated.

The scree represents talus formed due to di-
urnal temperature variations. The meteoric water/
dew percolating in the cracks and joints of the
rocks freezes and expands during nights. This process
over the years disintegrated the rocks into smaller
fragments. Percolation of carbonate-rich meteoric
water through the limestone country has caused
partial cementation and consolidation of the talus
scree.

2.6 GRANITOIDS

The acid igneous rocks occur as intrusive into
the early Proterozoic-Eocambrian and Carboniferous
rocks. These can be broadly classified, from south
1o north, as :

() Wangtu Granite forming a part of the
Rampur Window Zone

(ii)  Gahr Gneiss associated with the Kulu Group.

(iii)  Granitic rocks associated with the Jutogh
Group.

(iv) Rakcham Granitoid in the Vaikrita Groupand

(v) Nako Granite intrusive into the Vaikrita
Group and the Lipak Formation.

2.6.1 Wangtu Group
2.6.1.A Granite

It is mainly exposed in the area north of the
Satluj River in Western Kinnaur. Smaller bodies
are observed around the Wangtu bridge and near
Nugalsari. Granite is leucocratic, fine to coarse
grained, equigranular to porphyritic, showing tex-
tural variation from granular to hypidiomorphic. It
is largely foliated except in extreme core parts. Ameta
and Swain (1980), based on foliation, enrichment
of quartz, K-felspar and muscovite and nature of
contact, divided these into syn-and late-kinematic

types.

The Wangtu Granite contains xenoliths of
pelitic and porphyroblastic gneisses, amphibolite
and tremolite-actinolite schist. The xenoliths of
basic rocks are angular and show sharp contacts.
These are felspathised and intruded by quartz
veins. These granitoids have been dated 2025 +
86 Ma by using Rb-Sr method (Kwatra ef al, 1986)

2.6.2 Kulu Group
2.6.2.A Gahr Gneiss

It occurs as thin slivers above the Kulu Thrust.
It is augen, streaky to porphyroblastic in nature.
Samples from Baragaon in the Satluj Valley have
been dated 1430 + 150 Ma using Rb-Sr method
(Bhanot et al, 1978).

2.6.3 Jutogh Group
2.6.3.A Granite

A leucocratic granite body occurs as intrusive
in the Jutogh rocks along Karcham-Sangla track.
The granite is medium grained and foliated along
the margins.

2.6.4 Vaikrita Group
2.6.4.A Rakcham Granite

This granitic body, occurring in an arcuate pat-
tern in SW Kinnaur, was named Rakcham Granite
(Tewari er al, 1978). Further NW, it extends into the
Parvati Valley of the Kulu district, whereas, towards
SE through the Baspa-Chorgad valleys it joins the
Gangotri Granite of the Garhwal Himalaya. It is a
medium grained to porphyritic granite with biotite as
a constant mafic mineral. The granite shows zoning
defined by the finer grained margih, wider porphyritic
zone followed by the medium grained non-foliated
core. The outer zone is crudely foliated and contains
numerous xenoliths and roof pendants of varying
dimensions. Towards the northern contact, the
xenoliths of slate, quartzite and schist resembling the
rocks of the Batal and Morang Formations are present.
Towards the southern contact, the gneissic element is
prominent. The xenoliths of the metamorphic rocks
show tightly folded foliation planes. The medium
grained granite south of Thangi contains irregular
bodies of fine grained brownish granite with biotite.
The nodular xenoliths of tremolite-actinolite are ob-
served between Thangi and Lambar. Pink granite is
exposed around Rangchil Dogri.

The Rakcham Granite is emplaced along
the contact of the Kharo Formation and the Morang
and the Batal Formations. It shows concordant to
discordant relationship with the country rock. Along
the southern contact with the Kharo Formation,
injection gneisses and migmatites are observed.
Occasional tongues and apophyses occur along the
northern contact which is more or less sharp. Biotite
in the host rock has crystallised along this contact
with addition of tourmaline indicating boron
melasomatism. Pyrite in the Batal Formation also
shows recrystallisation close to the contact.
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Fig. 2.92. Lithologs of the (a) Giumal Formation and (b) Limestone Member (Chikkim Formation). Expl: 1. Sandstone,
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Fig--2.94. Litholog of a part of the Quaternary fluvial deposit
to show fining-up cycles. Loc. Thuku Lungba, near Kiomo.

Small bodies of leucocratic tourmaline granite
have extensively intruded these granites in the
Chorgad Valley which are identifiable from a dis-
tance. The later phases associated with the granite
are pegmatite and aplite. In Kombo area, quartz-
siderite-chalcopyrite and galena-sphalerite-pyrite
veins are observed. The intensity of pegmatite veins
is inversely proportionate (o the distance from the
contact; the outer periphery contains only quartz
veins. The paragenesis of these phases, as inferred
from field relationship, is biotite granite-tourma-
line granite-pegmatite-aplite-quartz vein-quartz sul-
phide vein-quartz veins.

The steeply inclined easterly contact, general
non-foliated character, sharp contact, finer grained
margin and numerous xenoliths of the host rocks
suggest that the Rakcham granite is intrusive into
the Vaikrita-Haimanta Group rocks.

The Rakcham Granite has been dated 495+50
Ma by Rb-Sr method (Sharma, 1983), whereas, the
tourmaline-leucogranite of the Jadhganga Valley
yielded a K-Ar age of Miocene (Seitz et al, 1974).

2.6.4.B Nako Granite

It is exposed mainly in the Tashigang-Nako-Leo
Pargial area, smaller bodies of which are observed
right from Khab-Shipki to Pare Chu Valley in the
north. The Nako Granite locally forms large outcrops.
However, similarity in character of isolated outcrop
suggests these to be part of a single granite body having
batholithic dimension, which due to limited erosion
has not been fully exposed. The outcrops of this granite
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are restricted to the area east of Kaurik Fault Com-
plex, i.e. on the footwall side only.

The Nako Granite is massive, non-foliated,
leucocratic and contain both tourmaline and biotite.
Outcrops east of Tashigang and SW of Namgiya
are biotite rich, foliated and yellow-brown stained.
Along NH-22, between Kah Dogri and Yangthang, it
shows local concentration of acicular tourmaline and
biotite-rich bands. The Nako Granite is intrusive
into the Precambrian Morang Formation and the early
Carboniferous Lipak Formation. The contact effect
on Morang schist is not very pronounced though
it has thermally metamorphosed the Lipak Carbon-
ates into marble (Pyroxene-hornfels facies) and as-
sociated gypsum to anhydrite. Numerous pegmatite
and aplite veins of varying dimensions are observed
around these granites. These cut through folds,
occupy the flexures and fill up the crests of the
folds. The composition of the pegmatite is quartz-
felspar + biotite + muscovite + tourmaline + kyanite
+ beryl + garnet. Some of these show anomalous
value of lithium. The aplite is devoid of biotite.

The Nako Granite has been dated 108 + 17
Ma by Rb-Sr method (Kwatra et al/, 1987). The
modal mineral analysis of the Nako Granite (Table-
2.2) defines it as a granite-alkali granite (Streckeisen,
1976). The chemical analyses of fifteen representa-
tive samples are given in Table 2.3A-B and the CIPW
norm calculated from these analyses are presented

in Table-2.4. The Or-Ab-An plots (Fig.2.102) in gen-
eral fall in the granite field with one each in
granodiorite and tonalite and one aleng the line
dividing these two fields. The K,0-Na,0-CaO plots
mostly lie in the Quartz-monzonite-granodiorite field
(Fig.2.102) with two samples falling in the tonalite
field. The variation to tonalite is shown by samples
G-1 and 2 which have high CaO. The high CaO
presumably could be due to assimilation of the country
rock which is marble in this particular case. Na, 0/
K,O ratio (Table-2.5) also suggests granitic-
granodioritic composition. The Al,0,/Na,0+K,O plots
(Westra and Keith, 1981) show that the rock is per-
aluminous. The high corundum value (4.08-13.87)
in the CIPW norms and the greater than one A/
CNK ratio (Table 2.5) substantiate the above sur-
mise. These conclusions when viewed along with
high Sr,/Sr,, ratio (0.7225+0.0011, Kumar, 1986)
suggest that these are typical S-type granites.

The total Fe-Na,0-K,0 and SiO,-AL,0,/ (Na,0+
Kzo) plots (Fig.2.102) lie_exclusively in the calc-
alkaline field. Such suites are largely believed to
have been generated in the shallow mantle wedge
above lateral compressive zones of oceanic crust
destruction and are related to compressional tectonism
(Brown, 1979).

The K-57.5 values of this granite (Table-2.5)
are in general above 2 which is characteristic of the
molybdenum bearing granites.

Table 2.2
Modal Composition of Nako Granite, Kinnaur
l Il B1 | By [ Bg [ By [ Bja [ By [ Boa [ B9 | B3 |
Quartz 50.00 44.00 54.40 44.40 22.10 54,70 45.10 30.30 28.70 -
K-felspar 29.00 37.10 22.80 40.10 50.20 15.70 27.60 34.80 59.10
Plagioclase 13.30 6.60 7.20 9.40 16.20 5.90 4.30 13.10 | 3.60
Biotite 1.20 - 13.80 - 7.50 3.30 - - 3.10
Muscovite 6.50 3.30 1.80 6.10 4.00 20.40 10.20 6.40 0.50 .
Tourmaline - 6.90 - C- - - 12.80 8.40 -
Opaques 0.10 2.10 0.10 - - 0.20 0.10 0.10 0.10
Total 100.00 100.00 100.00 | 100.00 100.00 100.20 100.10 | 100.10 | 100.00
Alkali
Nomenclature Granite Felspar

Granite
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Table 2.3b

XRF analysis (minor elements) of the Nako Granite, Ynagthang area

[ Sl.No.] Sample No. I Sn ppm l Cr ppm I Ga ppm l Bi ppm l Ag ppm ] Mn ppm ] Zr ppm l Ba ppm I Sr ppm l Be ppm
1. B-8 G-1000 1-10 1-10 1-10 1 200 1-10 40 1-50 1-10
2. B-10 400 1-10 10 1-10 1-1 500 20 1-10 1-50 30
3. C3 300 1-10 1-10 1-10 1-1 150 1-10 80 1-50 1-10
4. C4 200 1-10 1-10 1-10 1-1 100 1-10 60 1-50 1-10
5. C-5 100 1-10 1-10 1-10 1-1 100 1-10 150 1-50 1-10
6. F-1 80 1-10 10 1-10 1-1 150 10 150 1-50 1-10
7. F-3 70 1-10 1-10 1-10 1-1 200 20 30 1-50 1-10
8. F4 70 1-10 10 1-10 1-1 250 1-10 120 1-50 1-10
9 F-5 80 1-10 1-10 1-10 1-1 100 1-10 100 1-50 1-10
10. J-5 80 1-10 1-10 1-10 1-1 150 1-10 200 1-50 1-10
11. H-3 80 1-10 10 1-10 1-1 100 10 250 1-50 1-10
12. H4 10 1-10 1-10 1-10 1-1 50 1-10 160 100 1-10
13. H-35 40 15 1-10 1-10 1-1 250 1-10 50 1-50 1-10
14. G-1 30 1-10 10 0-13 1-1 1-10 1-10 1-10 100 10
15. G-2 10 1-10 1-10 1-10 1-1 1-10 1-10 1-10 100 10
16. G-3 10 1-10 10 30 1-1 250 1-10 1-10 300 10

(Analysed at the Central Chemical Laboratory, GSI, Calcutta, by $/Shri D.K. Indria, P.Ray Chaudhury and D.K. Banerjee)
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Table 2.4

CIPW normative mineral percentage of the Nako Granite

[ Mineral | B8 | B0 | c3 | c4 | cs | F1 | F3 [ Fa | Fs [ 05 | w3 [ #a | #s [ 61 | 62 | G3 |
Rock analysis | 9997 | 10002 | 9992 | 100.04 | 9982 | 9976 | 9962 [ 99.42 | 9956 | 9934 | 9932 | 9958 | 10000 | 9968 [ 9983 99.93
Quartz 38.52 | 3384 | 3432 | 3870 | 38.40 | 3426 | 3924 | 3786 | 3720 | 3816 | 3576 | 3474 [ ag12 | 3750 | 4920 26.58
Orthoclase 1890 | 1779 | 1724 | 1612 | 2057 { 2335 | 834 | 1835 | 1890 | 2057 | 1501 | 2168 | 1223 4.45 L1l 15.01
Albite 2568 | 3249 | 3035 | 2882 | 2568 | 23.06 | 3092 [ 2672 | 2400 | 2410 | 2830 | 2672 | 2148 | 2672 | 2044 21.48
Anorthite 612 | 556 | 695 | 612 | 612 | 695 | 1029 | aas | 612 [ 556 [ 723 [ 612 3.89 1473 | 2224 20.29
Diopside C - . - - - - - - - - - - - . - 3.94
Diopside M - - - - . . - - - - - - . . 3.00
Diogsite F - - . - . . - - . . - - . ) ! 0.53
HyperstheneM | 100 | 150 | 280 | 200 | 150 | 180 | 150 | 200 | 200 | 1so | 230 | 150 2.50 1.50 2.00 .
Hypersthene F - ) 172 | o026 - Jom | - ) ] } 0.53 | o053 1.85 - 0.13 .
Iimeni - - - - - . - - - - - . 0.46 . 0.46 0.15

| Magnetite 139 | 093 | o046 | 116 | 093 | o046 | 139 | 139 | 093 [ 18 | 093 | 093 0.46 0.70 0.23 0.23
Hacmatite 048 | 080 ) . 006 | - | 016 | 048 | 048 | 032 . - ] 0.48 ] .
Corundum 745 | 653 | 381 | 632 | 622 | 908 | 775 | 857 [ 997 | 775 | 938 | 734 8.98 13.87 4.08 .
Wollastonite - - - - - - - - - - - - - ] 8.35
Apatite 034 | 034 . 034 | 03¢ | - | o3a ]| - 0.34 . 034 | 034 ] . ; .
Total Normative | 9987 | 9977 | 9969 | 99.84 | 9991 | 9975 | 9992 | 99.82 | 99.86 | 9982 | 9977 | 9990 | 9997 | 9995 | 99.89 99.68
%

(Computerised analysis from AMSE, GSI, Bangalore)
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Table 2.5
K-Test for Nako Granite, Yangthang area

SINo. |  sampleNo. | K-57.5Value | A/CNKRatio | FeO/FeO+MgO | K30/NaO |

1. B-8 2.59 1.64 0.81 1.07
2. B-10 2.45 1.62 0.73 0.79
3. C-3 2.36 1.50 0.66 0.82
4. c4 2.15 1.64. 0.60 0.79
5. C-5 2.72 1.62 0.63 1.13
6. F-1 3.26 1.79 0.66 1.44
7. F-3 1.15 1.64 0.70 0.39
8. F4 2.54 1.82 0.67 1.00
9, F-5 2.60 1.90 0.63 1.12
10. 15 2.78 1.76 0.76 1 121
1. H-3 210 1.81 0.58 0.76
12. H4 2.96 1.60 0.66 1.16
K H-5 | 58 2.15 0.61 0.82
14 G- 063 2.22 0.63 0.23
15 ° G-2 016 1.33 . 0.39 0.08




3. PETROGRAPHY

The petrography of the Tethyan sedimentary
sequence, with which this write-up mainly deals, is
described here. Clastic and carbonate rocks have
been dealt with separately.

3.1 CLASTICS AND ASSOCIATED
VOLCANOCLASTIC ROCKS

3.1.A Haimanta Group
3.1.A, Kunzam La Formation

Volcanic- Volcaniclastic rocks : The volcanic suite
of the Kumzam La Formation includes rhyolite tuff.
volcaniclastic ash fragments, quartz crystal tuff,
carbonaceous chert. magnetite tuff and sachharoidal
carbonate rock (Bassi and Chopra. 1984). The rhyolite
tuff is white in colour and is made up of partially
altered Na-plagioclase, interlocking fine grained
quartzose material, muscovite, zircon, leucoxene,
siderite rhombs, primary pyrite and fragments of
devitrified glass. The volcaniclastic ash is represented
by cryptocrystalline to opalline silica, magnetite dust
and fragments of partially devitrified glass with
palagonite.rim (Fig.3.2). Some of the rims show iron-
leaching. The magnetite tuff consists of magnetite
oclahcdra (Fig.3.3) in an opalline to very fine quartz-
ash matrix with partially devitrified glass fragments.
The glass fragments have a colourless core and
brownish/greenish rim. The magnetite octahedra do
not show any abrasion and occur as ash fall. Partial
devitrification of glass enveloping the magnetite grains
has formed fibrous silica along the crystal boundaries.
Ash occurs as inclusions in magnetite. Magnetite
contains following trace elements (Bassi and Chopra.
1984).

Elements | Cu ! Ni | Co| Ba| Ga| V | Cr| Ti | Zn

Values | 20 10} 10| 10 ]300} 60 | 160| 30
(m ppm)

The X-ray study revealed the presence of minor
silica and absence of maghemite, indicating either
absence of water or lack of rapid oxidation at low
temperature during its formation.

A number of tuffaceous lenses containing
euhcdral quartz. and feispar in a matrix of fine dust
occur upstrcam of Lamoche in the Hojis Valley and
in the Chorgad Valley near Nakurche. Spindle shaped
lapilli-like clasts arc observed in the tuffs of the
Hojis Valley. The rock at Nakurche is calcarcous and

contains recrystallised carbznate. biotite. chlorite,
sphene, apatite and octahedral magnetite. possibly
of pyroclastic origin.

Clastic rocks : The siltsione and wacke of the
unit A (Parahio section) comprise poorly sorted,
subangular to subrounded quartz grains and rare
felspar in a matrix (50%) of sericite, clay and quartz.
Some microsections show rippled cross lamination
(Fig.3.4). A few rock fragments of biotite schist and
slatc occur in the rocks. The rocks of the basal part
of the unit A contains heavy mineral group
represcnted by staurolite, chloritc. zircon, zoisite and
tourmaline.

The greyish white, micaceous and felspathic
quartz-arenite of the unit B is fine grained, poorly
sorted rock having as much as 15% of plagioclase
felspars. The other minerals are brownish and gréen
biotite, tourmaline and apatite.

The siltstone and quartzwacke of the unit C
are composed of poorly sorted, subangular to
subrounded quariz in a clayey-sericitic-quartzitic
matrix. Grey green micaceous siltstone and quartz-
wacke of this unit are texturally immature and are
made up of poorly sorted subangular to subrounded
quartz in an argillaceous matrix. The quartzarenite of
the unit C is made up of fairly well-sorted subangular
quartz in a subordinate argillaceous matrix.

Pink, green and white quartzarenite of the unit -
D is made of sorted subrounded to rounded quartz
(65-98%) set in an argillaceous-fine quartzitic matrix.

3.1.B Sanugba Group
3.1.B, Thango Formation

The sandstone and siltstone of the Thango
Formation comprise moderately sorted to poorly
sorted, subangular to subrounded and moderately to
well spheric quartz (70-75%) in a clayey to
cryptocrystalline ferruginous/calcareous mattix. In
most of the sections palagonite fragments have been
noticed. The early siliceous cement has been replaced’
by ferruginous and carbonate cements. Opaques
(73%), epidote (9%), muscovite (9%), zircon (4.5%)
and dight brown tourmaline (4.5%) constitute the
heavy mineral assemblage.
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3.1.B, Takche Formation

The grey fine grained sandstone of Lankapanug
section contains fine angular quartz (75%), felspar,
opaques, shell-fragments in an argillaceous matrix,
while one in the Manchap section contains well
sorted angular to subangular quartz, a few grains of
tourmaline and calcite.

3.1.C Kanawar Group
3.1.C, Muth Formation

The quartzarenite is composed of moderately
sorted, subrounded to well sorted and well rounded
quartz (90-95%), varying in size from 60 to 250 mi-
crons (average being around 150 micron). Most of
the quartz grains showing authigenic growth occur
in a cryptocrystalline matrix (2-5%) and are cemented
by silica, which has been partially replaced by sec-
ondary ferruginous cement. Felspar (0.2%), quartz-
ite fragments (0.15%) and iron oxide grains (0-0.5%)
form the accessories.

3.1.C, Lipak Formation

The dark greyish arcnite is poorly sorted, sub-
arkosic with subangular quartz (50%) and [elspar
(10%), embedded in an argillo-arenaceous matrix.
Tourmaline and opaques constitute the accessory
minerals. The while quartzarenite is moderately sorted,
fine grained rock with about 90% of clean fine and
subhedral quartz grains embedded in mainly arena-
ceous/siliceous matrix. Occasional felspar. biotite flake
or muscovite and some opaques arc also observed.
The quartz grains in arenite show authigenic growth.

3.1.C, Po Formation

The siltstone and fine grained sandstone of
the Po Formation are made up of moderately to well
sorted, subangular to subrounded. 15-45 micron size
mostly turbid quartz having minute inclusions. The
matrix is moslly argillaccous 'and at places ferrugi-
nous. Silica forms the primary ¢ement. which has
been replaced by iron oxide. Sodic plagioclase and
rare palagonite occur as accessories.

3.1.C, Ganmachidam Formation

The gritty sandstonc (Fig. 3.5) is made of
rounded to well rounded, poorly sorted quartz (55%)
with extensive authigenic growth and corroded
margins in a crystalline silt-size matrix. Early silica
cement has been largely replaced by ferruginous
and micritic cements. The rock fragments (20%) are
of micrite. chert, sandstone, shale. siltstone and
fossils.

The lithicwacke is poorly sorted, stratified and
comprises non-undulatory rounded quanz (15)% in
the size range of 60-120 microns and 250-750 microns
in a ferruginous-argillaceous matrix (60%). The
accessories are of ferroan sparry calcite and sporadic
muscovite, iron oxide and felspar.

3.1.D Kuling Group
3.1.D, Gechang Formation

The sandstone varies in composition from
calcareous quartzarenite to quartzwacke. The latter
consists of moderately sorted, rounded to well
rounded quartz (50-55%) in two main size ranges of
100-250 microns and 300-650 microns, with a few
grains as large as 1000 microns. The matrix (35-40%)
is micritic, ferroan-calcitic to silty quartzose. The
cement is ferruginous which is partially/replaced by
secondary silica. The rock fragments (10%) are
exclusively of sedimentary rocks.

3.1.I, Gungri Formation

The thin lenticular arenite beds are made up of
fine to silty quartz grains (70%) in an argillaceous
matrix. The nodules are observed to be composed
of chert-collophane or chert along with pyrite grains,
biomorphs and bioclasts of cephalopod, brachiopod.
crinoid and endothyrid foraminifer.

3.1.LE Lilang Group
3.1.E, Nunuluka Formation

The sandstone is constituted of moderaltely
sorted. rounded to subrounded quartz cemented by
calcite (5-15%), which has peripherally replaced the
quartz grains. The calcite cement has been partly
replaced by secondary ferruginous cement.

3.1.F Lagudarsi Group
3.1.F, Spiti Formation

The sandstone comprises poorly sorted rounded
to subrounded 250-350 micron size quartz (80%) and
felspar (microcline and plagioclase together forming
about 10%) in a silty to clayey homogeneous matrix.
The primary ferruginous cement has been replaced
by siliceous cement.

3.L.F, Giumal Formation

The sandstones are of following four types.
(a) Quarizarenite to quartzwacke which are made
up of poorly sorted, rounded, subrounded to
subangular, bimodal quartz (85-90%) of moderate
sphericity in an argillaceous matrix (8-10%) with
pigmentary glauconite. The accessories are formed
by potash felspar, soda-plagioclase, clay and
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Geology of Spiti-Kinnaur, Himachal Himalaya

Explanation of Figs. 3.1 - 3.9

Fig. 1.Sillimanite bearing schist, (Slide print, henceforth SP) Morang Formation. Loc. Khab. Fig. 2. Palagonite rim
around devitrified glass in volcanoclastic ash, Kunzam La Formation. Loc. Mangsu La. Fig. 3. Magnetite octahedra
in tuff, Kunzam La Formgtion. Loc. Mangshu La. Fig. 4. Rippled cross-lamination in siltstone, Kunzam La Formation
(SP). Loc. Moppo. Fig. 5. Gritty sandstone, Ganmachidam Formation (SP). Loc. Mardang Nala. Fig. 6. Collapse
breccia with iron coated micrite fragments in sparitic matrix, filled by coarser sparitic cement. Stylolites, high peaked,
mostly along cement-matrix contact, (SP) Kunzam La Formation. Loc. Baralacha Pass. Fig. 7. Bioturbated mottled,
carbonate mudstone, Kunzam La Formation (SP). Loc.-Baralacha Pass. Fig. 8. Pisoids with micritic rim. Bird’s eye
fillings (SP). Kunzam La Formation. Loc. Baralacha Pass. Fig. 9. Epiphyton in mudstone. Note ferruginous material
along stylolites (SP), Kunzam La Formation. Loc. Baralacha Pass. (Bar scale is 2mm for Figs. 3.1,3.4 - 3.8 and Imm
for Figs. 3.2 - 3.3 and 3.9)
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glauconite. The authigenic silica, ferruginons matter
and pigmentary glauconite constitute the cement.
(b) Glauconitic quartzwacke with two subvarieties
comprising (i) moderately sorted, rounded and bimodal
quartz (70-80%) of moderate sphericity showing
authigenic growth, felspar and biotiwc inclusions,
potash felspar and soda-plagioclase (5%), glauconitic-
argillaceous-quartz cryptocrystalline matrix (10%)
and ferruginous, siliceous and glauconitic cements
(5-7%), (ii) moderately sorted, subangular to
subrounded fractured glauconite coated quartz (70-
75%) and pigmentary limonitic-margined pellets
of glauconite (25-30%), the latter could be modified
faecal matter (c) Calcareous quartz subwacke
composed of moderately sorted, subrounded quartz
(75%). felspars mainly plagioclase (1%), ovoidal
to pigmentary glauconite (5%). with interspace
entirely filled by sparry calcite (10-15%). (d) Felspathic
quartzwacke constituted of moderately sorted,
subrounded quartz (80-85%) of moderate sphericity,
microcline, orthoclase and plagioclase (combined
percentage 5-8%) in a cryptocrystalline matrix of
quartz and clay with siliceous cement.

3.1.F, Chikkim Formation

The shale is made up of 15-39 micron size sub-
rounded to rounded quartz (10-20%) in a marly paste
(40-70%) with ferruginous cement.

3.2 CARBONATE MICROFACIES
3.2.A Haimanta Group
3.2.A, Kunzam La Formation

The carbonate microfacies recorded in this
formation are (a) mudstone with (i) fenestral fab-
ric filled with sparite, (ii) collapse breccia, brecciated
micrite with Fe-rim and filled by sparite strongly
stylolitised (Fig. 3.6), (iii) micritic peloids, with
sparite, (iv) bioturbation (Fig. 3.7), (v) bioclasts
(trilobite), (vi) upto 0.3cm size pisoids occasion-
ally broken and with micritic rims, (vii) bird’s eye
filling (Fig. 3.8) and (viii) micro-colonies of Epiphyton
(Fig. 3.9) having inhomogeneous matrix showing
micritic and cleaner and coarser mud with contact
defined by ferruginous cement filled stylolites, a
few recrystallised ooids, secondary sparitic ce-
ment, and (b) bioclastic wackestone and lithoclastic/
peloidal wackestone.

3.2.B Sanugba Group
3.2.B, Thango Formation

Lenticular calcareous beds occurring in the
basal part of this formation at Hango and in the

Tidong Valley are represented by bioclastic mudstone.
The bioclasts are mainly of crinoids.

3.2.B, Takche Formation

The microfacies of this Formation have been
described by Bhargava and Bassi (1986). Only im-
portant types are being illustrated here.

Takche section : (a) Arenaceous mudstone
containing moderately sorted quartz, (b) bioclastic
quartz wackestone and calcareous quartz wackestone
containing subrounded to rounded moderately sorted
quartz, (c) calcareous sandslone, (d) fossil wacke/
packstone containing Halysites, crinoid ossicles,
brachiopods and trilobite fragments.

Parahio section : (a) Calcareous siltstone
containing coarse angular well sorted silt with micritic
cement partially replaced by ferruginous cement, (b)
bioclastic wacke/packstone with clasts of Favosites,
Halysites, crinoids, echinoid plates, trilobite
fragments and recrystallised sparite, (c) bioturbated
mudstone, (d) Thamnopora (?) framestone, (e)
Halysites boundstone (Fig. 3.16), (f) Plasmoporella
(7) boundstone. Chambers of Favosites and Halysites
are filled with spherulitic chert and open spaces
with equant ferruginous calcitic cement.

Pin Vslley : (a) Bioturbated mudstone, (b)
bioclastic/wacke/packstone having clasts of crinoids,
corals, brachiopods and trilobites, (c) sponge-
stromatoporoid boundstone (d) Halysites boundstone.

Leo section : (a) Mud/wackestone containing
fossil fragments and rare complete fossils with
syntaxial to sparitic cement. (b) Pack/grainstone
forming the bulk of the microfacies (60%) which
can be subdivided into (i) bioclastic pack/grainstone
(ii) lithoclastic pack/grainstone and (iii) tayercd
bioclastic pack/grainstone, the matrix in these rocks
being homogeneous, ferruginous lo micritic and
constitutes 30-80% of the rock; the bioclasts include
crinoids (mainly in the basal part), brachiopod
shells, echinoid spines, bryozoarns, ostracodes,
and corals. (c) Bioclastic floatstone containing
clasts of stromatoporoids, brachiopods and corals.
(d) Bindstone divisible into (i) Ecclimadictyon
bindstone showing arched nodular colonies
encrusting Halysites (Fig. 3.10), (ii) encrusting
solitary corals, (iii) Parachaetetes bindstone and
(iv) bryozoan bindstone. (¢) Framestone constituted
of (i) stromatoporoid, (ii) Halysites and (iii) Favosites.
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Explanation of Figs. 3.10 - 3.17
(Unless specified all are slide prints)

Fig. 10. Halysites encrusted by Ecclimadictyon stromatoporoid, Takche Formation. Loc. Manchap. Fig. 11. Flask
shaped microproblematica, Takche Formation. Loc. Manchap. Fig. 12. Sponge - spicule wackestone, Takche Formation.
Loc. Manchap. Fig. 13. Favosites - Vermiporella rudstone, Takche Formation. Loc. Manchap. Fig. 14. Basket shaped
Favosites colony, Takche Formation. Loc. Manchap. Fig. 15. Halysites - framestone, within chain occur Vermiporella
and Plasmoporella debris, Takche Formation. Loc. Manchap. Fig. 16. Halysites framestone, Takche Formation. Loc.
Gechang. Fig. 17, Filamentous Girvanella, Takche Formation. (Positive print). Loc. Manchap. (Bar scale is 2mm for
Figs. 3.10, 3.13, 3.15, 3.16, 2mm for Fig. 3.14. and 0.5mm for Figs. 3.11, 3.12, 3.17)
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Manchap section : Carbonate microfacies found
in the Takche sequence of the Manchap section are
as follows. (a) Syndepositionally deformed laminated
and bioturbated mudstone. (b) Bioclastic-quartz
wackestone made up of argillaceous and ferrugi-
nous materials mixed with micritic clottcd matrix.
The clasts are silt-size quartz, brachiopods (most
common), echinoid spines, crinoids, ? gastropods,
bryozoans, trilobites, tabulate corals, nodosarids
and other foraminifers, coated pseudo-ooids and
flask-shaped microproblematica (Fig. 3.11). The cement
varies from micritic, sparitic to syntaxial, the last
one occurs along the echinoid plates. The
brachiopod’s and bryozoa’s open spaces are gen-
erally filled by sparitic and partly by micritic mate-
rial. This facies is confined to the basal part of the
scquence. (c) Sponge-spicule wackestone (Fig. 3.12)
which also contains recrystallised clasts of gastro-
pods, echinoids and crinoids cracks having filled
with sparitic material. This facies occurs in the upper
part. (d) }ermiporella-echinoid wackestone which
sporadically occurs in the middle part. (¢) Packstonc
grainstone facies including (i) Vermiporella
packstone/grainstone, (ii) bryozoa-trilobite packsione,
(iii) layered algal-bryozoa packstone and (iv)
brachiopod-lamellibranch pack/grainstone. All these
arc intensely bioturbated. made of poorly sorted
micritic matrix with uniformly distributed sparitic
and ferruginous matcrials. Some of the packstones
show graded bedding and also geopetal fabric. The
clasts are of algae, labulatc corals, bryozoans, lamelli-
branchs, gastropods, cephalopods. trilobites. stroma-
toporoids, crinoids, sponge-spicules, ostracodes,
echinoid spines, ? Tentaculites and ooids. (f) Float/
rudstonc at several levels in middlc and upper parts
of the Takche Formation is represenicd by (i)
Favosites-lermiporella rudstone containing angu-
lar clasts of Favosites colonies and lermiporella
debris (Fig. 3.13). The clasts vary in size [rom 2mm
to 10mm. The matrix is constituted of dolosparite
with scattered ferruginous and micritic material, (ii)
halysitid-bryozoal floatstone showing mud-filled
Halysites and bryozoan clasts, (iii) coral-
stromatoporoid rud/floatstone enclosing fragments
of rugose corals, stromatoporoids, bifoliate bryozoans.
and shell fragments; (iv) bryozoa-coral floatstone
enclosing complete corals and fragments of
Hallopora and Halysites. In this sub-facies, the
matrix is layercd and comprises sparile and micrite.
(g) Boundstone occurs throughout, though promi-
nent in middle and upper parts of the sequence.
The boundstone facies has limited vertical as well
as lateral extent. Basket shaped Favosifes colonics

are most conspicuous (Fig. 3.14). This facies is
divi- sible into (i) Halysites-Vermiporella-
Plasmoporella framestone, showing interspace in
between Halysites chains filled by Plasmoporella,
Vermiporella and micrite (Fig.3.15); (ii)
?Plasmoporella-Vermiporella framestone showing
?Plasmoporella growing over Vermiporella debris
the other dwellers being echinoids, gastropods and
ostracodes with the open space filled with sparitic
cement; (iii) stromatoporoid-rugose coral framestone;
(iv) Favosites framestone; (v) ?Thamnopora
framestone shows clotted matrix; (vi) Halysites
framestone mainly showing recrystallised coral filled
with clear sparite and dolosparite, matrix mostly
micritic with impurities of quartz and mica; (vii)
bryozoan bindstone showing several branches of
bryozoa colony within which occur micritic material
(Fig. 2.29), the clasts of brachiopods and ostracodes
and the bores in the bryozoa filled with sparite
excepl one with silica; (viii) coral-stromatoporoid
bindstone showing a rugosec coral encrusted by
Ecclimadictyon stromatoporoid in a micritic matrix;
(ix) Girvanella bindstone showing Girvanella in
filamentous (Fig. 3.17) and spherical (Fig. 3.18) forms
in a micritic medium; (x) termiporella bindstone
(Fig. 3.19) made up of Iermiporella. micrite in inter-
space and clasts of gastropod and algac with some
parts of gastropods filled with sparite; (xi) Kamaena
bindstone/wackestone (Fig.3.20) amd (xii) bafflestone
displaying floating colonies of Hallopora.

Cements : The cements in the Takche Forma-
tion are siliceous, ferruginous, micritic and sparitic
and rarcly ferruginous subequant calcite. Clear
siliceous and chalcedonic cements form the first
generation cements in Favosites and Halysites
framestone facies. Replacement by micritic and sparitic
cement is common. Clecar sparite occurs in open
spaces, veins, fractures and chambers of fossils.
Ferruginous micritic and sparitic cements fill the
chambers of corals. The sparitic cement seems (o
be of first generation. The rare ferruginous and
subequant calcite cements arc observed in the open
spaces of Halysites colonies at Gechang which
may represent a fresh water phreatic environment
with active water circulation (Longman, 1980).
Fibrous and micritic cements in altcrnating layers
were found in only one floatstone occurring in the
uppermost part of the Leo reel. Sparry calcite occurs
both as primary precipitate and as recrystallised
micrite with which it retains hazy and irregular
boundary.
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Explanation of Figs. 3.18 - 3.26
(Unless specified all are slide prints)

Fig. 18. Nodular form of Girvanella, Takche Formation (Positive print). Loc. Manchap. Fig. 19. Fermiporella bindstone
(Positive print), Takche Formation. Loc. Manchap. Fig. 20. Kamaena wackestone (Positive print), Takche Formation. Loc.
Manchap. Fig. 21. Shell packstone, Lipak Formation. Loc. Takche. Fig. 22. Crinoidal bioclastic packstone, Lipak Formation.
Loc. Takche. Fig. 23. Layered bioclastic packstone with cortoidal Tentaculites, Lipak Formation. Loc. Yulang Dogri,
Fig. 24. Burrows showing circular arrangement of filled material, Lipak Formation. Loc. Takche. Fig. 25. Whole fossil (Corals,
Thamnoporid) wackestone, Lipak Formation. Loc. Yulang Dogri. Fig. 26. Peloidal grainstone, Lipak Formation. Loc. Yulang
Dogri. (Bar scale is 0.5mm for Figs. 3.18, 3.20 and 2mm for 3.19, 3.21 - 3.26)
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3.2.C Kanawar Group
3.2.C, Lipak Formation

The microfacies in the Lipak Formation include
(a) packstone, (b) mudstone, (c) wackestone, (d)
grainstone and (e) boundstone. The packstone is
represented by (i) layered and (ii) bioclastic/
lithoclastic varieties. The former shows alternation
of sparite and micrite with shells (Fig. 3.21), echinoid
spine, recrystallised crinoids (Fig. 3.22), algae cortoids
of Tentaculites occurring parallel to the bedding
along with corals (Fig. 3.23).The sorting within the
layers is moderate. Shells in sparitic layers show
umbrella effect. The matrix shows ferruginous con-
tent which is more pronounced in the sparitic lay-
ers. Some slides show graded bedding. The early
cement is clean to dark micritic, in cracks/open spaces
it is followed by dogtooth spar and coarse sparite.
The lithoclastic variety includes clasts of well rounded
ill-sorted sparitic rock while the bioclastic variety
shows clasts (60%) of brachiopods. echinoids,
recrystallised algae, ? trilobites, gastropods,
bryozoans, cortoids of Tentaculites and corals in a
micritic, fine peloidal to partly sparitic matrix. The
cement in this type i< largely sparitic, some of the
packstone are bioturbated showing circular arrange-
ment of grains in the burrowed part (Fig. 3.24).

The mudstone is made up of clean, ferrugi-
nous and clotted micrite. Some of these show (?)
shrinkage cracks which have been filled with sparite.
The burrows in the mudstone are filled with peloidal
material.

The wackestone shows variation to mudstone
on the one hand and to packstone on the other. The
clasts in wackestone are represcnted by calcile, quartz,
echinoids, brachiopods and pcloids. In one section
cach of (i) whole-fossil wackestone (Fig. 3.25) and
(ii) well sorted thin-shelled packstone carbonaceous
to litlle coarser matrix were encountered. The ce-
ment is largely sparitic.

The grainstone at places shows variation to
packstone. Various varieties are (i) ooidal grainstone,
the oolite (60%) having micrite. calcite and rarely
shell fragments as nucleus. The oolites show 2-4
alternate dark and light laycrs. Most of these are
simple and only a few arc poly-ooids. The matrix is
sparitic and conlains a few well-winnowed, clotied,
micritic and echinoid clasts. Some ooids are de-
formed and impinge into adjoining ooid showing
packing during scmi-consolidated stage; (ii) bioclastic
grainstonc containing clasts of corals, Tentaculties,

ooids, peloids, crinoids and lamellibranchs; (iii)
peloidal grainstone containing peloids (60-70%) (Fig.
3.26), cortoids of shells, Tentaculites and crinoids.
The cement is small in volume, largely sparitic and
only rarely micritic.

The boundstone facies found in minor propor-
tions is represented by (i) algal bindstone, showing
algae/cryptalgal bedding with bird’s eye structure
(Fig. 3.27-29). The burrows are filled with ooidal/
peloidal material. The cement along the margins of
the bird’s eye is micritic and sparitic in central part,
(ii) coral framestone (Fig. 3.30) shows mud-filled
recrystallised corals. The coral colonies are bur-
rowed and mud-filled (Fig. 3.31); these and also the
interspaces have been filled with carbonaceous
micrite and communited bioclasts. The cement in
burrows is sparitic. Micritic cement is seen with
hard ground (Fig. 3.32).

A white marble bed observed at Chango and
Phiphuk contains wollastonite and tremolite with a
few quartz grains. The tremolite is partially altered
into talc. The associated quariz veins are wholly
made up of sheared quartz. The marble bands at
Yangthang contain wollastonite, garnet,.diopside and
tremolite.

3.2.D Lilang Group
3.2.D, Mikin Formation

In thin section, most of the rocks appear as
extensively stylomottled, filamentous wackestone/
packstone facies. This main varicty shows following
variations. (a) Whole fossil wackestone/mudstone
having light grey homogeneous matrix (70-80%), sparitic
skeletal fragments and complete thin shells of larval
cephalopods, lamellibranchs and ?ostracods showing
partial orientation. The matrix is partly bioturbated with
voids filled with sparitic material. The stylolites are
mostly along matrix and bioturbated zones. (b) Thin-
shelled cephalopod wackestone/packstonc showing
highly variable percentage of matrix (20-70%) with
fragments of juvenile cephalopods, lamellibranchs,
7gastropods and ostracods (Fig. 3.33). Stylolites are
hummocky to irregular along contact margins and show
ferruginous material along the scams. (c) Cephalopod-
gastropod packstone shows fairly well sorted thin
shelled cephalopods and gastropods in a homogeneous
micritic matrix (50-60%). The subsolution voids are filled
by coated fossils and/or ferruginous micrite. The cement
is dark micritic and partly sparitic. (d) Thin shelled
filamentous packstone (Fig. 3.34) shows thin shells,
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Figs.3.27—3.32

Explanation of Figs. 3.27 - 3.32
(Unless specified all are slide prints)

Figs. 27 - 29. Algal bindstone with burrows and bird’s eye structures, Lipak Formation. Loc. Takche. Figs. 30 - 31.
Coral framestone. Transverse section of lLl'lhoslrolia'n (30) and vertical of hexagonarid (31) sections, Lipak Formation.
Loc. Takche. Fig. 32. Hardground (light coloured) in micrite of a coral framestone, Lipak Formation. Loc. Takche. (Bar
scale is 2 mm)
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. _fig‘s 3.33—-34

i

Explanation of Figs. 3.33 - 3.40
(Unless specified all are slide prints)

Fig. 33. Thin-shelled cephalopod wackestone, Mikin Formation. Loc. Lalung. Fig. 34. Thin-shelled filamentous
packstone, Mikin Formation. Loc, Lalung. Fig. 35. Calcisphere in thin-shelled filamentous packstone, Mikin Forma-
tion. Loc. Lalung. Fig. 36. Calcitised radiolaria wacke/packstone, Chomule Formation. Loc. Lalung. Fig. 37. Calcisphere
wacke/packstone, Chomule Formation, Loc. Lalung. Fig. 38. Thin-shelled stylo-brecciated packstone, Member A,
Sanglung Formation. Loc. Lalung. Fig. 39. Sandy bioclastic floatstone. Member A, Sanglung Formation. Loc. Lalung.
Fig. 40. Lithoclastic bioclastic grainstone, Member B, Sanglung Formation. Loc. Lalung. (Bar scale is 2mm for Figs.
3.33, 3.38, 3.40 and 0.5mm for 3.34 - 3.37 and 3.39)
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locally calcispheres and radiolarians (Fig. 3.35) in grey
micritic matrix and stylobrecciated and nodular stylolites.
(e) Bioturbated molluscan packstone of light to pale
grey homogeneous micritic matrix(40-80%) having an
average of 20-60% clasts. The mélluscs are thin to
moderately thick shelled lamellibranchs, gastropods
and cephalopods. The clasts are poorly to moderately
sorted, generally lack orientation and are of ostracods,
echinoids, foraminifers and sparite. Some clasts have
thin micritic film around them. The bioturbated portions
show circular arrangement of particles with sparitic
cement in the centre. The other microfacies is
represented by mudstone showing variations to cherty
mudstone of light grey to pale white micritic material
with thin shelled gastropods, lamellibranchs,
cephalopods, at places their percentage is as high as
30%. A distinct fabric is imparted by stylolite¢ having
ferruginous material along the seams. The stylolites
are stylonodular to stylobrecciated with local variation
to stylomottled type. It shows local planes of
disconformities.Locally occur sporadic thick shells.

3.2.D, Kaga Formation

The carbonate microfacies are (a) filamentous
packstone/wackestone having juvenile as well as adult
Daonella, dark rimmed echinoid spines, subangular
to angular ?organic debris as recrystallised sparite.
The cracks in the rocks are filled with dark-rimmed
sparitic material; (b) layered medium shelled
(lamellibranch) packstone with aligned and broken shells
occurring along local planes of disconformities; (c)
cephalopod dropstone in layered thin shelled Daonella
packstone. The dropstone is recognised by sagging
of bottom micritic layer, truncation of layers at
cephalopod level and undisturbed overlying layer, the
shells also showing settling fabric, (d) thin shelled
lamellibranch packstone along layers of disconformity,
with the overlying layer filling in the uneven portion
of the underlying layer; (e) dark grey mudstone with
a few skeletal grains.

Most of the bioclasts in the Kaga Formation
are thin shelled, some with dark rims. Stylolites are
low peaked. The burrows are filled with dark micritic
material and fine organic debris, Fe-rich micrite and
rarely with blocky sparite. The cement is incon-
spicuous and is micrite.

3.2.D, Chomule Formation

It shows the following microfacies. (a)
Filamentous lamellibranch wackestone/packstone
containing shells of Daonella/Halobia in dark grey

micritic matnx, the shells showing moderate alignment
and sorting. (b) Thin shelled gastropods wackestone/
packstone showing calcispheres, radiolarians, a few
mica flakes and ferruginous material. (c) Calcitised
radiolarians  wackestone/packstone  showing
radiolarians mostly with broken spines together with
calcisphere (Fig.3.36-37). The rock shows layering.
(d) Mudstone made up of grey micrite with uniformly
distributed ferruginous material and 1-5% clasts of
dark-rimmed sparite.

Bioturbation is rare and is identifiable by cir-
cular arrangement of grains. Stylolites are more or
less common and vary from low-peaked to brecciated
types. Cement is rare to inconspicuous and is micritic.

3.2.D, Sanglung Formation

3.2.D, Member A : The following microfacies
encountered in ascending stratigraphic order. (a)
Bioclastic-lithoclastic wackestone/packstone having
a pale brown to pale yellow homogeneous matrix
(70-80%) with minor silt to fine sand-size dark rimmed
angular, subrounded and rounded quariz. The
bioclasts (10-20%) are of bryozoans, echinoid spines,
molluscs, sponges, rare oolites and doubtful algae.
All the clasts are dark-rimmed. The lithoclasts are of
quartz and light coloured micrite, the latter possibly
representing organic debris. Burrows are filled with
ferruginous material. The stylolites are irregular and
of low amplitude. (b) Bedded to massive mudstone,
the bedding in the bedded variety defined by mica
flakes, ferruginous material and a few elongated
skeletal fragments, burrows filled with sparite and
the stylolites irregular to faintly stylobrecciated. (c)
Thin shelled stylobrecciated packstone comprising
light grey homogeneous micritic matrix (60-70%) with
thin shelled clasts of lamellibranchs and gastropods,
iron coated echinoid spine, a few thick fragments of
thick shells and crinoid ossicles and recrystallised
ooids (Fig. 3.38). (d) Calcareous sandstone made up
of 40-45% rounded to subrounded, corroded quartz
in ferruginous sparitic matrix. The bioclasts are
subangular and are of corals, tabulozoans and
stromatoporoids. (¢) Mudstone, bedded to massive,
differing from the mudstone (b) in having bedding
defined by sparite and thin mica flakes. (f) Bioclastic
packstone comprising bioturbated dark brown more
or less homogeneous micritic matrix (20-30%). The
bioclasts are lighter coloured and are of bryozoans,
echinoid plates and spines, crinoid ossicles, sponges,
serpulids, foraminifers, ?fish teeth and lamellibranchs.
The cement is micritic and syntaxial. The stylolites
are irregular and of low amplitude. (g) Sponge-spicule
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