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ABSTRACT

Between Mandi and Rohtang in western Himachal Pradesh, four principal tectono-
stratigraphic units are recognised. In ascending order they are 1. Larji-Rampur window
Group, 2. Chail Group, 3. Jutogh Group and 4. Vaikrita Group. Larji-Rampur window Group
consists of quartzarenite and penecontemporaneous basic volcanics together with gneissose
Bandal Granite of Rampur Formation tectonicallv underlain by platformal stromatolitic
limestone of Shali Formation. The Chail Group comprises predominently of low grade
sericite-chlorite phyllite with occasional development of garnet, mylonitised gneiss and
intrusive body of Mandi Granite. The Chail Group is overthrust by Jutogh Group which
consists of medium grade metamorphics, foliated micaceous quartzite and fine grained
banded gneiss. High grade rnetarnorphics of Central Crystallines (Vaikrita Group) of the
Higher Himalaya overlies the Jutogh Group with a tectonic contact. The Vaikrita Group
is made up mainly of sillimanite-kyanite-garnet schist, coarse grained biotite rich banded
gneiss with tourmaline and foliated micaceous quartzite. Detailed study of penetrative
planer and linear structures reveals that the Chail Group, Jutogh Group and Vaikrita Group
rocks have suffered at least three phases of deformation, the first of which is absent in
Larji-Rampur window Group. The rocks of the Chail and Jutogh Groups have moved
southward along the thrust sheets during the first phase of deformation.

A large antiform called Seas Antiform trending NNW-SSE and a complimentary
synform (Hanogi Synform) have folded the Larji-Rampur window, Chail and Jutogh Groups.
Another major antiform trending NNW-SSE lies in the central part of the Larji-Rampur
window zone. The sediments of the Larji- Rampur window Group are the product of
subtidal. intertidal and coastal sand bar-beach-Shoal complex depositional environment
(quiet stable shelf conditions) in which the sedimentation kept pace with subsidence of
the basin to accumulate the huge pile of sediments.

INTRODUCTION

The rugged topography of Mandi-Roh-
tang area falls in the Survey of India topo-
sheet Nos. 53A, 53E and 52H on 1 : 250,000
scale. The area is bound by East longi-
iudes 76045'-77°30' and North Latitudes

31030'-32°2~.'. The 5000 sq. km. area of
inve-stigation is drained by the River Beas
and its tributaries.

The metamorphic rocks in Himachal
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Hirn ilaya grouped under 'Jutogh Nappe'
into which Dalhousie, Dhauladhar, Mandi,
Karsog and Chor granites have intruded
(Bhargava, et al., 1972; Anand, 1976;
Chatterjee, 1976 and Sharrna, 1977).
According to Bhargava (1980), the Rampur
Group is framed on all sides by the Salkhala
thrust sheet (J utogh of Bhargava et al.,
(1972).

Valdiya (1980) while describing the
geology of Kumaun Hirnalaya, suggested
that in the Satluj valley, Himachal Pradesh
the Rampur Quartzite with basic volcanics
exposed in the window are the northwest
prolongation of th-•. Berinag under the crys-
talline sheet of J utogh (Munsiari).

Virdi (1981) suggested the presence of
two crystalline thrust sheets in the Himachal
Lesser Himalaya and included the Kulu
metamorphics within Chails and the meta-
morphic sequence to the east of Manikaran
within J utogh.

TECTONOSTRATIGRAPHY

The rocks of Mandi-Rohtang area from
SW to NE are divided into six tectono-
stragraphic units: 1. Siwalik Group; 2.
Dharamshala Group; 3. Larji-Rampur
window Group; 4. Chail Group; 5. Jutogh
Group and 6. Vaikrita Group (Figs. I and
2). Siwalik Group, forming the southwes-
tern most unit of the area is separated from
th ~overlying rocks of the Dharamsala Group
along the Sarkaghat Thrust. Dharrnashala
Group is overlain by the rocks of Shali For-
mation along the Main Boundary Thrust.
The Rampur Formation tectonically rests
over the Shali Formation along the Garsa
Thrust and is made up of volcanics at the
lower level and Rampur Quartzite towards
the top.

The Bandal Granite intrudes the
Rampur Quartzite near the village Manihar.
The Larji-Rarnpur window Group is over-
thrust by the low grade metamorphics of
Chail Group (Chail Nappe). The Chail me-
tamorphics are intruded by Mandi Granite.
The demarcating boundary between the

Larji-Rampur window Group and Chail
Group is known as the Chail Thrust. The
Chail Group is tectonically overlain by the
huge succession of medium grade metamor-
phics of Jutogh Group (Jutogh Nappe)
separated along the J utogh Thrust, The
Jutogh Group is overlain by the high grade
metamorphics of the Vaikrita Group along
the Vaikrita Thrust. In the north of
Rohtang, low grade metasedimentaries with
500 my dated Jaspa Granite (Frank, et al.,
1977), called the Haimanta Group, overlie
the Vaikrita Group of Higher Himalayan
zone along the Tethyan Thrust. The tecto-
nic succession is given in Table 1. A brief
account of the characters, age and correla-
tion of each unit is summarised as under:

SIWALIK GROUP: The south-
western part of the area around Sarkaghat
is occupied by autochthonous Siwalik
Group rocks. It is separated from the over-
lying para-autochthonous rocks of Dharam-
sala Group along the Sarkaghat Thrust. In
the immediate vicinity of this thrust, the
Siwalik Group comprises mainly conglo-
marate with medium to coarse grained sand-
stone, c1aystone and siltstone. The inclina-
tion of the Sarkaghat Thrust is 40° to 45°
due northeast.

Karunakaran and Ranga Rao, (1976)
assigned Lower Pleistocene to Middle
Miocene age to the Siwalic rocks.

DHARAMSALA GROUP: Thrust
over the Siwaliks, succession of fine grained
micaceous sandstone, purple-green clay,
claystone and micaceous siltstone has been
named as the Dharamsala Group. It covers
a vast area between Main Boundary Thrust
and Sarkaghat Thrust, the outcrop
roughly trending NNE-SSW. The belt
varies in wid th from 8 km to 20 km and in
thickness from 1000 m to 2000 m .. The
width of the belt increases in the north and
decreases towards the south.

Karunakaran and Ranga Rao, (1976)
and Mathur, (1984) assigned Lower Eocene
to Early Miocene age to the Dharamsala
rocks.
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Geological map of Mandi-Rohtang Area, Himachal Pradesh, India. Legend:
I. Coarse grained qurtzo- feldspathic biotite rich banded gneiss with tourmaline.
2. Quartz biotite garnetiferous schist interbedded with foliated micaceous
quartzite. 3. Kyanite-sillimanite schist and gneiss. 4. Fine grained banded
gneiss. 5. Foliated micaceous quartzite. 6. Biotiteschist with foliated micac-
eous quartzite. 7. Garnetiferous-biotite phyllonite and schist. 8. Intrusive
Mandi Granite. 9. Sericite-chlorite phyllite, quartzite, mylonitized gneiss,
quartz porphyry, Carbonaceous slate with thin bands of limestone. 10. Intrusive
Bandal Granite. 11. Rampur Quartzite. 12. Volcanics. 13. Dolomite, lime-
stone, quartzite, volcanics, shale and slate, 14. Fine grained micaceous sand-
stone, purple-green clay, claystone and micaceous siltstone, 15,":Mainly conglo-
merate with medium to coarse grained sandstone, clays tone and siltstone.
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Table I: Tectonic Succession of the Mandi-Rohtang area
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Haimanta Group

------ --, Tethyan Thrust--------

Vaikrita Group

-------- Vaikrita Thrust--------

Jutogh Group

--------Jutogh Thrust---------

Chail Group

r--------Chail Thrust----------

I Rampur Formation

L--------Garsa Thrust----------

Shali Formation

--------Main Boundary Thrust-----

Dharamsala Group

--------Sarkaghat Thrust--------

Autochthonous Siwalik Group

LARJI-RAMPUR WINDOW GROUP:
Thrust over the Dharamsala, the Larji-
Rampur window Group is made up of Shali
Formation below and Rampur Formation
above. The Shali Formation comprises
dolomite, stromatolitic limestone, intraclas-
tic-oolitic dolomite, cherry limestone, quart-
zite, volcanics, shale and slate. It is tecto-
nically overlain by the huge succession of
quartzite and penecontemporaneous basic
volcanics of Rampur Formation exposed in
the form of a tectonic window (Ram pur
Window) beneath the Chail metamorphics.

SHALl FORMATION: The ortho-
quartzite-carbonate sequence of the Shali
(=Larji) Formation exposed around Larji
in the Beas valley was subdivided by Sharma
(1977) into three members namely; Naraul
Slate and Phyllite below, Hurla Quartzite in
the middle and Aut Dolomite at the top.
However, Naraul Member is only locally

mappable and regionally indistinguishable
from the Hurla Quartzite. The ShaH For-
mation, therefore, has two main subdivisions.
The detailed lithologs showing lithology,
sedimentary structures, facies change and
environment of deposition prepared along
Larji-Sainj and Hurla-Garsa sections in Beas
valley are shown in Fig. 3.

The terminology followed is after
Ginsburg (1975), and Reineck and Singh
(1980).

HURLA QUARTZITE: The lower
part of the Shali Formation is known as the
Hurla Quartzite comprising pink, purple,
white and grey fine to coarse grained ortho-
quartzite, volcanics, shale and slate. The
orthoquartzite consists of 95-98% quartz and
at places show colour and textural banding
(Plate u« and l/c). Dark colour laminae
show rich concentration of heavy minerals
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mainly zircon and tourmaline besides mag-
netite and haematite are also present. The
quartzite is thickly bedded and thickness
varies from 20 cm to more than a meter.
It is observed that at many places the quart-
zite contains shale and slate partings of dark
purple, greyish and greenish colour which
varies in thickness from few ems to a metre.
These partings are invariably calcareous and
contain lenses of grey and pink dolomite.
The quartzite are jointed and fractured
(Plate l/a).

The sedimentary structures such as
parallel bedding (evenly laminated sand),
scale cross-bedding (mainly sand bar
type), wave ripple bedding, ripple marks
(interference or rhomboid type), trough
cross-bedding, lenticular and flaser bedding,
etc. (Plate l/a, b, c and d) present in the
Hurla Quartzite are characteristic of shallow
marine environment (mainly in subtidal-
intertidal zones of tidal flat).

The Hurla Quartzite shows gradational
contact with the overlying dolomite (Aut
Dolomite) . In the upper part of the quart-
zite near the contact with dolomite, some
lenticles of dolomite appear in the quartzite.
This mixed zone of quartzite and dolomite
(transitional calcarenaceous facies) grades
upward into a thick sequence of interbedded
dolomite and limestone (calcareous facies
which is stromatolitic) belonging to Aut
Dolomite Member.

AUT DOLOMITE: It represents the
upper part of the ShaJi Formation and is
made up of pink and bluish grey limestone
and shale. The bluish grey colour dolomite
is siliceous, intraclastic oolitic and cherty.
The carbonate rocks especially the intra-
clastic-oolitic dolomite shows effect of diage-
nesis, low grade metamorphism and defor-
mation which has partly or wholly obliterat-
ed the oolitic structure (Plate Ilia and Ilfb).
The calcite grains have been replaced by
dolomite (Plate Ill/a) and show extensive re-
crystallization, early dolomitization and late
dolomitization stages of diagenesis. Pres-
sure-solution phenomenon were also observed
in the contact of carbonate ooIites (Plate
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1I fb). Recycling of earlier formed oolites
is also observed (Plate Il/b). The oolitic
band in dolomite exposed in tectonic con-
tact with the overlying dark green chlorite
schist of Rampur Formation near the village
Garsa shows effect of deformation (Plate
!l/c). It is interpreted that the oolites were
mainly formed in the high energy intertidal
conditions and the conical and columnar
stromatolites were formed in protected
intertidal zone of carbonate tidal flat.

In the west, the Mandi salt beds are
found associated with Pracambrian Lower
Shali limestone at Drang, Guma and
Megal. The Lower Shali Limestone is
characterised by Lower to Middle Riphean
stromatolite assemblage Conophyton cylindri-
cus-Colonnella columnaris-Kussiella kussiensis.
The occurrence of salt in the tidal flat
environment of Shali Formation suggests
development of stromatolitic evaporite
carbonate platform conditions. The Mandi
salt beds have been correlated with the
Saline Series (Precambrian) of Salt Range in
Pakistan, Haqf Group of Oman and Hormuz
Series of Iran (Srikantia and Sharma, 1972;
Tewari, 1984 b).

PALAEOENVIRONMENTAL MODEL
AND FACIES CHANGE:

Based on detailed studies of sedimentary
structures in Larji-Sainj and Hurla-Garsa
sections, following facies changes were noted
and depositional environment interpreted.

I. The lower part of Hurla Quartzite
show large scale cross bedding (sand bar
type) (Plate u« and Jib; Fig. 3). The
foreset laminae show low angle of dips.
Other structures are parallel bedding and
planes of discontinuity. Ripple bedding is
also seen (Plate l/c). This quartzite repre-
sents deposits of subtidal sand bars.

2. The sandy and interbedded purple
shales occur alternately and represent a mix-
ed tidal flat facies. The shale partings are
purple and greenish in colour and the sandy
parts are grey, pink and white in colour.
This facies is characterized by lenticular and
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Baser bedding (Plate lib and Fig. 3) few
ems to 24 cm in thickness, wavy bedding,
parallel bedding, tidal bedding, S!D~1I ripple
bedding (Plate lIb and lIe) and ripple marks
(wave ripple type and interference type)
(Plate I/a). Ripples mostly show rounded
crests. This succession of sedimentary struc-
tures suggest a mixed fla.t facies (Fig. 3).

3. The subtidal sand bar fades and
intertidal mixed flat fades alternate with
each other in both the sections (Fig. 3).
Many such cycles have been ohserved in the
Hurla Quartzite,

4. This fades grades into calcarenite
fades which shows lenses of dolomite in
quartzite and represent a mixed carbonate
fades (Fig. 3). The limestone pepples have
no orientation and vary in size from few cm
to 15 cm.

5. Calcareous quartzite grades into
the Aut Dolomite (purely calcareous stro-
matolitic facies). This facies is characte-
rised by algal biostromes, oolites and intra-
clasts and represent medium to high energy
protected intertidal sedimentation.

RAMPUR FORMATION: The lower
part of the Rampur Formation comprises of
amphibolite, dark green chlorite schist,
tuffaceous phyllite, greenish to purple slate
and subordinate greenish quartzite. It
acquires a great dimension about 4 km wide
and 1 km thick between Sarsari and Shat.
The belt is traceable from south of Sainj
and extends continuously northwards up to
Shat. East of Shat it becomes narrow and
finally sliced out to the west of Jari along
the Chail Thrust (Fig. 1). The upper part
of the Rampur Formation is made up of
pink, purple, fawn, white and green,
medium to coarse grained orthoquartzite
interbedded with basic volcanics (Plate
IlI/a). The outcrop is trending NNW-SSE.
The belt is about 10 to 15 km wide and
2 km thick exposed in the Parbati valley
between Malana in the north and Hawai in
the south. The width decreases towards
south of Hawai and south-east of Manihar.
In the west of Larji, the Rampur Forma-

tion is missmg and the Shali Formation is
coming in direct contact with the overlying
Chail Thrust (Fig. 2a, b). It may be em-
phasized that green tuffaceous chlorite schist
and penecontemporaneous basic volcanics
are essential components of the Rampur For-
mation specially in the Parbati valley of the
present area.

Petrographic studies reveal that the
Rampur Quartzite is medium to coarse
grained subrounded to subangular meta-
quartzarenite consisting of 95-98% strongly
undulant grains of quartz cemented together
by silica. Subordinate amount of chlorite,
sericite and iron oxides are also present.
The accessory minerals are tourmaline,
zircon, apatite and opaques. In the proxi-
mity of Ch ail Thrust the quartzite is catac-
lastically deformed. Sericite and chlorite
are arranged in one direction and quartz
grains show elongation parallel to foliation
plane. Secondary outgrowth, recrystallisa-
tion, granulation of quartz along the
margins, sutured boundaries are commonly
observed along the Chail Thrust (Plate
Il/d).

The Rampur Quartzite is very poor in
heavy mineral content and generally the
ultras table forms tourmaline and zircon are
present. The other stable heavy minerals
are apatite, magnetite, biotite and musco-
vite. The tourmaline and zircon occurs as
rounded to sub-rounded grains. The heavy
minerals indicate a complex source for the
Rampur Quartzite.

The primary sedimentary structures in
the quartzite are parallel lamination, low
angle cross lamination, herringbone cross
lamination and wave ripple marks (Fig. 4
and Plate lIfe and Ilff) and suggest a high
to medium energy coastal sand bar-shoal-in-
tertidal shallow water depositional environ-
ment. The influx of terrigenous material .
brought to the depositional basin was
balanced by the subsidence and maintained
the same environment for a long period in
a single sedimentary cycle. Thus, it can be
safely suggested that the Rampur Quartzite
represent deposits of a shallow marine coastal
(stable shelf) environment.



E
x

'"0
C
o o ~•.. c

o 0
Cl..o ."

0' 0C .0

E
o
~..
o

E
o

'"0
C
o

." ."." .xo •..
o
E

•..
o

o- ."C
o

."
C
o

E
::J
'0

"E

o 0
c c

E 'E
o 0

."Co
oc

E "';""";"~';-'-~J--7-t~
o ,'r;;.~.o::::;.;;.:::;...~~:.J

~
Cl.

o Cl.
U
III

Fig. 4. Detailed litholog of Rampur Forma-
tion showing lithology and distribu-
tion of sedimentary structures in
Parbati valley.

Misra and Tewari 161

AGE OF LARJI-RAMPUR GROUP:

Sharrna (1977) regarded the Larji-
Formation (=Shali Formation of the present
authors) to be mainly Permian In age
without any fossil evidence. However,
presence of Riphean stromatolites (Sinha,
1977 and Tewari, 1983, 1984a, b, 1985)
makes it Precambrian carbonate belt equi-
valent of Deoban (Gangolihat)-Tejam belt
of Kumaun Lesser Himalaya. Valdiya
(1969), Kurnar and Tewari (1978) and
Tewari (1983, 1984b) on the basis of stro-
matolites suggested that the Gangolihat
Dolomite belong to the transitional period
between the Lower and Upper Riphean,
that is Middle Riphean. The range of the
Gangolihat (Shali) would be between 1300-
1000 m. y. In the northwest, the extension
of Shali IS known as Dharamkot Limestone
which also contains Lower to Middle
Riphean stroma tolites (Tewari, 1985), and
further extends westward and join with the
Jammu (Great) Limestone.

The volcanosedimentary succession of
Rampur Formation IS intruded by Bandal
Granite near Manihar which give two
radiometric ages i. e. 1800 m. y. (Frank,
1973-74) and 1220 m. y. (Bhanot et al.,
1976). The U·Pb isotopic ages of uranini-
tes from Manikaran Quartzite (=Rampur
Quartzite) of Kulu area and Berinag Quart-
zite of Kumaun (Bhalla and Gupta, 1979)
givr s 725 m. y. age.

CHAIL GROUP: The Larji-Rarnpur
window Group IS tectonically overlain hy
the 5 to 6 km thick and 2 km wide sequence
of low {!'fade metamorphics of the Chail
Group (Chail Nappe of Pilgrim and West,
1928) along the Chail Thrust. The follow-
ing sequence is observed in the Chail Group
from base to top:

(iii) Biotite phyllite, quartzite, carbonaceous
slate with thin bands of crushed lime-
stone.

(ii) Quartz-sericire-chlorite puckered phy-
Ilite with occasional development of
garnet, quartz porphyry (Plate Ill/d)
and foliated quartzite.

(i) Mylonitised gneiss (Plate I1I/b, c) and
carbonaceous slate.

The Chail metamorphics are intruded
by Dalhousie-Dhauladhar and Mandi-Karsog
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granitic batholith. Rb/Sr whole rock iso-
chron age for Chail gneiss in Sutlej valley
in Nirath-Baragaou area is 1430+ 150 m. y.
(Bhanot et al. 1978). The granites in the
Chail Nappe were earlier regarded as Terti-
ary in age (McMahon, 1877; West, 1934-
35). However, recent radiometric age
determinations show that they are Precam-
brian in age. Jaegar et al. (1971) proposed
500+ lOO m. y. (Rb/Sr whole rock age for
the Mandi Granite) while Mehta (1977)
obtained 545± 12 m. y. Rb/Sr age of the
Mandi Granite. In the northwest, Bhanot
et al. (1974) reported 456+50 m. y. Rb/Sr
age for the Dalhousie Granite. All these
ages show that the magma of these granites
was produced during the late Precarnbrian-
Cambrian (500-600 m. y.) times and intrud-
ed the Chail metasediments of Lower
Riphean age (1200-1400 m. y.).

With regard to the existence of the
Chail Thrust, the following evidences are
significant:

(I) Throughout its contact with the under-
lying Larji-Rampur window Group,
the Chail rocks are intensely mylo-
nitised (Plate IlI/b,c) grading margi-
nally into sericite-chlorite phyllite
showing pronounced crumpling, crush-
ing and even shearing. Similarly the
underlying Rampur Quartzites at the
contact are strongly sheared, pulverized
and highly sericitized.

The change in lithology across the
thrust plane is very sharp, in addition
to having discordant relationship. In
the eastern part of the area, around
Manikaran, the underlying volcano-
sedimentary succession of Rampur
Formation is overlain by the thick
argillaceous sequence of the Chail
Group. The Rampur Quartzites dip
steeply 60° to 70· due NNEjNE, while
the Chail rocks dip 20· to 30° towards
NE/ENE. In the western part of the
area, the Rampur Formation is missing
so that the argillaceous Ch ail metamor-
phics rest directly over the calcareous
sequence of Shali Formation across the
Chail Thrust (Fig. 1 and Fig. 2/a).

(2)

(3) All along the contact, high degree of
silicification of the rocks is noticeable.
In the gneisses of the Chail Group, the
quartz veins have been boudinaged
parallel to the foliation and show
development of tension gashes.

(4) The Chail Group shows three genera-
tions of fold trending ENEjNE-WSW/
SW; NNW/NW-SSEjSE; NNE/NE-
SSW/SW, in contrast, later two genera-
rations of fold trending NNWjNW-
SSEjSE; NNEjNE-SSW/SW are pre-
sent in the Larji-Rampur window
Group. The first phase structures are
isoclinal reclined folds with gently (20°
to 25°) ENE/NE plunging fold hinge
lines and having axial plane cleavage
parallel to the foliation, dipping gently
due ENE/NE. Conspicuous penetra-
tive mineral lineation including stretch-
ed feldspars and mylonite banding in
the gneiss is related to the first defor-
mation, involving a considerable
tectonic transport. The Chail Group
rocks were developed as nappe and
moved southward along the thrust sheet
dUIing the first phase of deformation.
The second phase structures are open,
upright anti forms and synforms, with
their axes trending NNW/NW-SSEjSE,
the axial planes dipping steeply either
eastward or westward (Plate Ill/e). A
large antiform of the second generation
called Beas Antiform trending NNW-
SSE and a complimentary synform
(Hanogi Synform) has folded both the
tectonostratigraphic units (Fig. 1).
Another major antiform trending NNW-
SSE lies in the central part of the Larji-
Rampur window zone. The third-
generation folds are represented by
conjugate, asymmetrical, open folds
and kink bands trending NNE/NE-
SSW/SW (Plate Ill/f). The lineations
formed during the second and third
episode of deformation are mostly in
the form of puckers parallel to the Ft
and F. fold hinge lines. The second
and third phase structures are common
in the Ch ail Group as well as in the
tectonically underlying Larji-Rampur
window Group.



(5) Landslides as well as the hot springs are
very common along the Chail thrust.

(6) In the vicinity of the thrust zone, the
basic volcanics (amphibolites) of the
Rampur Formation have been altered
to chlorite schist, and the quartzite
shows weakly developed foliation (Plate
Ill/a) .

Thus, the evidences indicate that the
Chail Group is an allochthonous mass thrust
over the volcano-sedimentary succession of
Larji-Rarnpur window Group.

In the Garhwal Himalaya, the Bhatwari
and Barkot granitic porphyroids (Valdiya,
1975, 1978) lying in southern Chamoli and
southeastern U ttarkashi areas, represent
southeastern extension of the Chail Group of
the present area. In the Kumaun Himalaya,
the Okhalkanda Gneiss and Rikhakot Schist
(Misra, 1980, 1985) of Debguru Formation
of Ramgarh Group (Valdiya, 1980) bear
remarkable similarity with the mylonitised
gneiss and sericite-chlorite schist of the Chail
Group of the present area. In the east, in
Bhutan, the sheared and mylonitized Samchi
Granites described by Jangpangi (1974) are
similar to the Chail Gneiss, Turning in
west, the mylonitised gneissose granite of
Dalhousie-Dhauladhar (Fuchs and Gupta,
1971; Bhatia and Kanwar, 1973) represent
northwestern extension of the Chail Group
of Kulu area.

JUTOGH GROUP: The Chail Group
in the north of Kulu is overthrust by the
medium grade metamorphics of the Jutogh
Group (Jutogh Nappe of Pilgrim and
West, 1928). The following lithological se-
quence is observed between Kulu and
Rohtang from base to top.

(4) Fine grained banded gneiss.

(3) Foliated micaceous quartzite.

(2) Biotite schist with foliated micaceous
quartzite.

(I) Garnetiferous-biotite phyllonite and
schist.
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The J utogh Thrust is a low angle thrust
dipping 20° to 30° due north and passes
through north of Kulu, Malana and Barsheni
(Fig. 1 and Fig. 2/b). The persistent band
of garnetiferous-biorite phyllonite marks the
base of the Jutogh Nappe. The Jutogh
Thrust demarcates the plane of abrupt
change of grade of metamorphism: the
sericite-chlorite phyllite, sericite quartzite,
mylonitized gneiss and carbonaceous slate
of the Chail Group representing green schist
facies of metamorphism, in contrast to the
garnetiferous mica schist and gneiss of the
Jutogh Group, shows amphibolite facies
display inverted metamorphism. The
grade of metamarphism in the Jutogh
Group increases in the north towardst he
top and decreases in the south. The under-
lying sericite-chlorite phyllites of the Chail
Group shows crumpling', crushing and shear-
ing along the J utogh Thrust.

The age gap between the Chail and
Jutogh has remained undefined till now.
Majority of workers accepted that the Chail
constitutes the younger (Algonkian) and least
metamorphosed part of the Jutogh sequence,
(Pascoe, 1950; Kumar and Pande, 1974;
Srikantia, 1973). However recently Rb/Sr
whole rock isochron age of Wangtu granitic
gneiss (Satlej valley, H. P.) of the Jutogh
Group indicate about 2000 m. y. (Bhanot
et at. 1980).

The J utogh Group of the present area
extends southward along the strike across the
Sutlej River towards Narkanda and Matiana
where they join with the Jutogh of Pilgrim
and West (1928), and further extends south-
east into Kumaun, where it is called the
Munsiari Formation at the base of the
Higher Himalaya (Valdiya, 1980). In the
east in Bhutan, the Thimpu Granitoids
described by Jangpangi (1974) bear remark-
able similarity with the J utogh of the present
area. Further east in the Kaemeng district
of Arunachal Pradesh, the Bomdila Forma-
tion comprising mica schist, garnetiferous
mica schist and porphyroblastic gneiss (Das
et al. 1975) represent the equivalent of the
Jutogh Group of Kulu Rohtang area of
Himachal Pradesh,
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VAIKRITA GROUP: The Jutogh
Group in the north of Gulaba is overthrust
by the high grade central crystallines of the
Vaikrita Group (Valdiya, 1979) along the
Vaikrita Thrust (Fig. I and Fig.2jb). The
Vaikrita Group shows the following litho-
logical sequence in the Beas valley from
base to top:

(3) Coarse grained quartzo-feldspathic bio-
rite rich banded gneiss with tourmaline.

(2) Quartz-biotite garnetiferous schist inter-
bedded with foliated micaceous quart-
zite.

(1) Kyanite-sillimanite schist and gneiss.

The NW-SE trending Vaikrita Thrust is
a low angle tectonic plane dipping 15° to
20° due :NE and passes through north of
Gulaba. The Vaikrita Thrust demarcates
the plane of abrupt change in grade of
metamorphism and composition of lithology.
The coarse grained kyanite-sillimanite schist
and gneiss of the Vaikrita Group is tectoni-
cally underlain by the fine grained garnet i-
ferous biotite schist, micaceous quartzite and
gneiss. In the north of Rohtang, the Vaik-
rita Group is overthrust by the low grade
metasedimentaries with 500 m. y. dated
Jaspa Granite (Frank et al. 1977), called
the Haimanta Group which forms the basal
part of the Phanerozoic Tethys Himalayan
sediments.

It is noticed that the rocks of the Vaik-
rita and Jutogh Groups show discordant
relationship. Near the thrust plane, the
underlying fine grained banded gneiss of the
Jutogh Group are dipping gently 15° to 20°
due NE, while the Vaikrita rocks having
steep 40° to 50° inclination towards NE. Both
the Jutogh and Vaikrita Groups of rocks
show three phases of deformation but the
style and pattern of folding seems to vary
across the thrust plane. The Vaikrita rocks
exhibit, the earliest (F1) isoclinal recumbent
folds trending NW-SE, the second (F2) open
to tight folds are coaxial with F 1 fold, and
the third (Fa) asymmetrical and open folds
plunging gently due NNE. The underlying

Jutogh rocks show, the Fl isoclinal reclined
fold trending ENEjNE-WSWjSW, the Ft
asymmetrical and open folds trending NW-
SE and the third (Fs) folds are mostly deve-
loped in the form of puckers trending NNEj
NE-SSW. Throughout the extension of
Vaikrita Thrust, the kyanite-sillimanite schist
and gneisses are highly sheared aad myloni-
tized while the underlying fine grained
micaceaus quartzite of the J utogh Group is
sericitised and crushed.

In the Rohtang area, Bhanot et al.
(1975) determined an apparent age of 612+
100 (634) m. y. for a gneissic sample which
was collected from south of Rohtang Pass,
but almost near the top.

DISCUSSION AND CONCLUSIONS

A careful study of cross-bedding and
ripple marks in the Rampur Quartzite
reveals beds to be in normal stratigraphic
order and there is no evidence to presume a
large scale overturning as suggested by
Sharma (1977). Sharma (1977) assigned
Devonian to Carboniferous age of Banjar
(Rampur) Formation and Permian age for
Larji (Shali) Formation. However, the
Rampur Formation is intruded by Bandal
Granite which gives 1800 m. y. age (Frank
et al. (1973-1974). If 1800 m. y. age of
Bandal Granite is true then the Rampur
sediments must be older than 1800 m. y. ard
tectonically resting over the stromatolitic
(Conophyton-Baicalia assemblage) limestone of
Shali Formation dated as Middle Riphean
(Sinha, 1977; Tewari, 1983; 1984 a, b).

Vitdi (1981) included the Kulu meta-
morphics within Chails and metamorphic
sequence to the east of Manikaran within
Jutogh. According to him, the Chail on
the eastern side of Rampur window is over-
lapped by Jutogh which rests directly over
the Rampur along the Main Central Thrust.
However, the present mapping reveals that
the Larji-Rampur window Group is framed
on all sides by the Chail metamorphics.
The mylonitized gneiss, carbonaceous slate,
phyllite and quartzite sequence of Chail
Nappe exposed around Kulu extends conti-



nuously towards northeast through Jari,
Malana and to the east of Manikaran.
Hence, on the eastern side of Rampur
window, the J utogh tectonically rests on the
Chails not directly over the Rampur as
suggested by Virdi (1981). .

The volcano-sedimentary succession of
the Rarnpur Formation is overthrust by the
Chail metamorphics. The Rampur lithology
highly crushed, shattered and pulverized
is near the contact with Chail metamorphics
indicating tectonic nature of contact marked
by discordence of dip across the tectonic
plane. The Chail metamorphics dipping
gently 20° to 30° due NEjENE rest over the
steeply dipping 60° to 70° due NNEjNE
Rampur quartzite along the Chail Thrust.
The gneisses of the Chail, show very strong
mylonitisation in the vicinity of the thrust
zone.

In the west of Larji, the Rampur For-
mation is missing and the Shali Formation
coming in direct contact with Chail meta-

REFERENCES

ANAND, V. K.
1976 A note on the structural features of the Jutogh For-

mation in the Himalaya, Mandi and Kangra Districts,
Himachal Pradesh, Mise. Pub. Geol. Surv. Ind.,
Vol. 24(2), pp. 263-275.

BHALLA, N. S. and GUPTA, J. N.
1979 U-Pb isotopic ages of Uranities from Kulu, Himachal

Pradesh and Berinag, Uttar Pradesh, Jour. Geol,
Soc. Ind., Vol. 20, pp-481.488.

BHANOT, V. B., GILL. J. S., ARORA, R. P. and
BHALLA, J. K.
1974 Radiometric dating of the Dalhousie. Curr. Sci.,

Vol. 43, pp. 408.
BHANOT, V. B., GOEL, A. K., SINGH, V. P. and
KAWATRA, S. K.
1975 Rbl Sr Radiometric studies for the Dalhou~ie and

Rohtang areas, Himachai Pradesh, Curr. Sci., Vol.
44, pp. 219·220.

BHANOT, V. B., BHANDARI, A. K., SINHA, V.
and KANSAL, A. K.
1976 Precambrion (1220 m. y.) ns.s, ifihole rock ~ochron

age for Bundal Granite, Kulu Himalaya, HIf1!achal
Pradesh, Proc. Him. Goel. Sem., New Delhi.

BHANOT, V. B., KWATRA, S. K., KANSAL, A, K.
and PANDE, B. K.
1978 Rb /Sr whole rock age for the Chail series of north-

Misra and Tewari 165

morphics across the Ch ail Thrust. The
thrust (Garsa Thrust) between the Shali
Formation and Rampur Formation is con-
cealed under the Chail Thrust sheet (Fig.
2ja).

The mylonitised gneiss marks the base
of the Chail thrust sheet, the garnetiferous
biotite phyllonite marks the base of Jurogh
and the high grade kyanite-sillimanite schist
and gneiss marks the base of Vaikrita above.

ACKNOWLEDGEMENT

The authors are highly indebted to Dr.
V. C. Thakur, Deputy Director for encour-
agement and valuable suggestions during
preparation of the manuscript. Thanks are
due to Drs. R. A. K. Srivastava and N. S.
Gururajan for going through the manuscript
and fruitful discussions. We are thankful
to Dr. S.C.D. Sah, former Director, Wadia
Institute of Himalayan Geology, Dehra Dun
for providing the necessary facilities.

western Hlmalaya. Jour. Geol. Soc. Ind., Vol.
19(5), pp. 224-225.

BHANOT, V. B., PANDEY, B. K., SINGH, V. P.
and KANSAL, A. K.
1980 Rbl Sr ages for some granitic and gneissic rocks of

Kumaun and Himachal Himalaya, Stratiographyand
correlation of Lesser Himalayan Formations (Eds,
K. S. Valdiya and S. B. Bhatia), Hindustan
Publishing Corporation (India) Delhi, pp.
139·142.

BHARGAVA, O. N.
1980 The Tectonic Windows of the Lesser Himalaya. Him.

Geo!. Vol. 10, pp. 135·155.

BHARGAVA, O. N., NARAIN, K. and DAS, A. S.
1972 A note on the Rampur Window, District Mahasu,

H. P. Jour. Geo\. Soc. Ind., Vol. 13, pp. 277-
280.

BHATIA, G. S. and KANWAR, R. C.
1973 Mylonitization in auter granite band of DalhousU,

H. P. Him. Geo!., Vol. 3, pp. 103-115.

CHAITERJEE, B.
1976 Petrology and Structural geology of th« Mandi granite,

H. P., Mandi District. Mise. Pub. Geo!. Surv.
Ind., Vol. 24(2), pp. 302-315.



166 MiHa and Tewari

DAS, A. K., BAKLIWAL, P. C. and DHOUNDIAL,
D.P.
1975 A brief outline if the geology of parts vf Kameng

Dist., Nefa. Mise. Pub!. Geo!. Surv. Ind., vol.
24, pp. J 15-127.

FRANK,W.
1973-74 Daun and Gendenken Zur Entiwicklugs geschicht«

des Himalaya, Mitt. Geol, Ges. Wien, 66-67,
pp. 1-7.

FRANK, W., THONI, M. and PURTSCHLLER, F.
1977 Geology and Petrology of Kulu-soutk Lahaul Area.

ECOLOGlE ET GEOLOGIE DE L'HIMA-
LAYA, NO. 268. pp. 147-172.

FUCHS, G. and GUPTA, V. J.
1971 Palaeozoic stratigraphy of Kashmir, Kishnoar and

Chamba. Verh, Geo!. B.A., vo!. 1, pp. 68-97.
GINSBURG, R. N.
1975 Tidal diposits, A case book of recent examples and

fossil counter parts. Springer Verlag. Berlin, pp.
428.

JAEGER, E., BHANDARJ, A. K. and BHANOT,
V.B.
1971 Rb-Sr age determination on biotius and whole rock

samples from the Mandi and Chor granites, Himachal
Pradesh, India. Eclogae Geo!. Helv., vo!. 64,
pp. 521·527.

JANGPANGI, B. S.
1974 Stratigraphy and tectonics of parts of Eastern Bhutan,

Him. Geol., vol. 4, pp. 117-136.
KARUNAKARAN, C. and RANGA RAO, A.
1976 Status of exploration for hydrocarbons in the Himala-

yan Region-contribution to stratigraphy and structutes,
Himalayan Geology Seminar, New Delhi, Mise.
Pub. No. 41, pp. 1-66.

KUMAR, R. and PANDE, I. C.
1974 On the tectonic relationship between the ]utogh and

Chail formations of Simla area, R. P., Pub. Cent.
Adv. Stud. Geo!. P. U., Chandigarh , vo!. 10,
pp. 177-183.

KUMAR. S. and TEWARI, V. C.
1978 Occurrence of Conophyton garganicus fiom the Gangoli-

hat Dolomite, Kathpuria Chhina, area, district Almora,
U. P. Jour. Geo!. Soc. India, 19(4), pp. 174-
178.

MATHUR, Y.K.
1984 Cenozoic Palynofossils, vegetation, ecology and climate

af the Northwestern subhimalayan region, India.
The Evolution of the East Asian Environment
(Ed. R. O. Whyte), Vo!. 11, University of
Hong Kong, pp. 50'i-55J.

McMOHAN, C. A.
1877 The Blaini group an4 Central Gnesis in the Simla

Himalaya. Rec, Geo!. Surv. Ind., vol. 10, pp.
20'i-223.

MEHTA,P. K.
1977 Rb-Sr geochronology of th« Kulu-Manali Belt: its

implication for the Himalayan tectogenesis, Geol.
Rundsehau. vol. 66, pp. 156-175.

MISRA, D. K.
1980 Nature of Ramgarh thrust and tectonic position of

of Amritpur granile;in the Okhalkanda-Kalaagar Area,
Nainital District; Kumaun Lesser Himalaya, Him.
Geol. vo!. 10, pp. 264-279.

1985 Lithostratigraphy and correlation of Okhalkanda
Kalaagar Area, Eastern Nainital District, Kumaun
Lesser Himalaya, Uttar Pradesh, India. Pub!.
Cent. Adv. Stud. Geol., Panjab University,
Chandigarh (N. S.), vo!. 1, pp. 27-42.

PASCOE, E. H.
1950 A manual of Geology of India and Burma 3rd edition.

Govt. of India, New Delhi, vo!. 1, pp. 1-484.

PILGRll'vl, G. E. and WEST, W. D.
1928 The structure and correlation of the Simla rocks.

Mem, Geo!. Surv. Jnd., vo\. 53, pp- 1·140.

REINECK, H. E. and SINGH, I. B.
1980 Depositional Sedimentary Environments. Springer

Verlag, Berlin, pp. 549.

SHARMA, V. P.

1977 Geology of the Kulu-Ramtiur belt, Himahal Pradesh,
Mem. Geo\. Surv. Ind., vol. 106(2), pp. 235-
407.

SINHA, A. K.
1977 Riphean stromatolltes from westcrn Lower Rimalaya,

Himachal PradfSh, India. In Fossil Algae Editor.
E. Flugel, Springer-Verlag, New York, pp.
88-100.

SRIKANTIA, S. V.
1973 A tectonic picture of the Simla Himalaya with special

reference to Shali and other structural belts, Sem.
Geodyan. Him. Reg. N. G. R. I., pp. 122-135.

SRIKANTIA, S. V. and SHARMA, R. P.
1972 The Precambrian salt deposits of the Himachal Pra-

desh-its occurrence, tectonic and correlation. Him.
Geo\. vo!. 2, pp. 222-228.

TEWARI, V. C.
1983 The systematic study of Precambrlan stromatolites

from the Gangolihat Dolomites, Kumaun Himalaya,
Him. Geol., vol. 11, pp. !19-146.

1984a Ooidsfrom the Shali belt, Himachal Himalaya, Sedi-
mentary, Geology of the Himalaya (Ed. R. A. K.
Srivastava), Current Trends in Geology, vol. 5,
pp. 245-246.

1984b Stromatolitis and Precambrian-Lotoer Cambrian
biostratigraPhy of the Lesser Himalaya. Proe. 5th
Indian Geophytological Conference, Spec. Pub.,
pp. 71-97.

1985 On the occurrence of Conophyton cylindricus from
Dharamkot Limestone, Himachal Himalaya with
special reference to age and biostratigraphic correlation.
Pub. Cent. Adv. Stud. Geology, Chandigarh
(N. S.), vo!. 1, pp. 59-70.



VALDIYA, K. S.
1969 Stroma tolites of the Lesser Himalayan carbonate for-

mations and the Vindhyan, Jour. Geo!. Soc. Ind.,
vo!. 10, pp. 1-25.

1975 Cithology and age of Tal Formation in Garhuial and
implication on stratigraphic schemes of Krot Belt in
Kumaun, Himalaya Jour. GeoI. Soc. Ind., Vo\.
16, pp. 119-134.

1978 Extension and Analogues of the Ghail Nappe in the
Kumaun Himalaya, Indian Journal of Earth
Science, vol. 5, No. I, pp. 1-19.

EXPLANATION OF PLATES

PLATE-I
(a) Thickly bedded, jointed, fractured

Hurla Quartzite showing colour and
textural banding and wave ripple marks.
Larji-Sainj section.

(b) Hurla Quartzite showing small and large
scale cross laminations, parallel lamina-
tions, wave ripple bedding, lenticular
and flaser bedding, planes of disconti-
nuity, wavy bedding and tidal bedding.
Lenght of pen= 13 cm Larji-Sainj
section.

(c) Hurla Quartzite showing evenly lamina-
ted sand (parallel bedding) textural
banding and ripple bedding. Length of
pen= 13 cm. Hurla-Garsa section.

(d) Hurla Quartzite showing finely lamina-
ted sandy layers, parallel laminations,
small and large scale cross laminations
Length of pen= 13 cm.
Hurla-Garsa section.

PLATE-II
(a) Microphotography of Aut Dolomite

showing partially to completely replaced
oolitic structure. The recrystaIlization
and replacement of calcite by dolomite
(dolomitization) has been observed
crossed nicol).

(b) Microphotograph of Aut Dolomite
showing various stages of diagenesis,
recycling of earlier formed oolites as
composite oolites and phenomenon of
pressure solution (crossed nicol).

(c) Microphotograph of Aut Dolomite
showing stretching and elongation of
oolites. (crossed nicol).
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(d) Microphotograph of the Rampur
Quartzite showing sub-angular to sub-
rounded quartz grains, suture boun-
daries and effect of recrystallization
(crossed nicol). Locality-Manikaran,
near the Chail Thrust.
Rampur Quartzite showing parallel
lamination, low angle cross lamination
and large scale cross lamination.
Length of hammer=30 cm.
Locality-Kasol in Parbati valley.
Rampur Quartzite showing wave ripple
marks. The bifurcation of ripple is
clearly observed.
Locali ty- Par ba ti -Beas confluence.

(e)

(f)

PLATE-Ill
(a) Sheared dark green chlorite schist inter-

bedded with the Rampur Quartzite
near the Chail Thrust.
Locality-Kasol.

(b) Augen Mylonite.
Locality-Parbati-Beas confluence, near
the Ch ail Thrust.

(C) Mylonitised gneissose quartz porphyry.
Locality-Kulu, near the Chail Thrust.

(d) Quartz Porphyry.
Locality-Kulu.

(e) Open fold F2 in the sericite-chlorite
schist.
The fold hingeline trending NW-SE.
Locality-Jari.

(f') Asymmetrical fold Fa in the gneiss.
The fold hingeline trending NE-SW.
Locality-Parbati-Beas confluence, near
the Chail Thrust.
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