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The thesis incorporates results on the stratigraphy,structure nd sedi-
mentation in an apnroximately 900 sq.km, of the lesser Himalayan terrain along
Bhagiratti river,districts Utt~rkashi and Tehri,U,P. On the basis of geological
man»ing on 2 cm = 1 km. scale, various lithostratigraohical units have been
established and described with their field,megascopic and microscovic chara-
cters. The folds, faults and thrusts have been described with their field
evidences. The structure of the area deals with their mutual intertelation-
shi» and is elucidated with a number of vertical cross sections. The effects
of folding and thrusting of rocks are structurally analysed in a part of the
northern region with T -diagrams. /. tectonic setup of the area has been attem-
pted and is compared with adjoining regicns of the Lesser Himalaya betw=en

Simla and Kumaon,

A number of thrusts are conspicucus by occurrences of mylonites and
metabasics which have been dealt with reS§eét to their field,megasconic and
microscopic characters. The metamorphism,mode of emplacement and relationship

of mylonites and metabasics with thrusting is discussed.

The sedimentological studies include inscluble residue and chemical =pa-
lysis of carbonate rocks and heavy mineral investigati-ms in arenaceous rocks,
The insoluble residues from dolomites -nd limestcones are described. The chemi-
cal data for calecium ~nd magnesium is used in classification of the carbonate
rocks. The insoluble residue and CaC/Mg0 relationship 1is comparéd with carbo-

nate formations of the Lesser Himalaya.

The heavy mineral separations from quartzites are quantitatively,quali-
tatively and statistically analysed. The lateral and stratigraphical varia-
bility of zircon and tourmaline varieties from Quartzite Formation of the

Garhwal Groun is regionally studied to show their importance in stratigrachy,
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structure -nd tectonic interpretation, The grain size data of zircon,tourmaline
and quartz from heavy wmineral separations of quartzites and thin sections of
non-calcareous sedimentary rocks is statistically represented by the Smithson
and Haggermann diagrams for purpose of their apolication in correl-tion and

sedimentation of rocks.,

The stratigraphy of the area is senarately described and correlated with
other Lesser Himalayan formations. On the basis of the ahove studies, sedimen-

tation and tectonic history of the area is reconstructed.

In the last chapter,the conclusions are briefly enumerated.
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1.1 LOCATION OF THE AREA

The area under investigation lies in the Uttarkashi and Tehri districts
of Uttar Pradesh and covers a part of the region commonly known as "Yttarakhand"
{Map-1), It incorporates an approximately 900 sq.km. of the Lesser Himalayan
terrain between latitudes 30°29' and 30°47' and longitudes 78°10' and 78°31!

in the Survey of India toposheets no.53 J/6 and parts of 53 J/2,3/3,3/5,3/9
and J/10. The Rhagirathi river, one of the two chief tributaries of the River

Ganga in the Lesser Himalaya, flows almost north-south across the area. The
town of Uttarkashi* the district headquarter and an imoortant pilgrimage
certre for the Hindus, is situated on its right bank and 1s appro@chable by
150 km, long all weather metalled road from Rishikesh, the last railway

terminus - in the foothills®*

In recent years the interior of the areca has been made accessible by a
number of new mule tracks and roads along which some of the best geological
sections afe exnosed. The Uttarkashi road has been extended to Bhatwari and
Harsil so as to connect Cangotri wit> Rishikesh. Similarly, Dharasu is now
connected with Barkat by a 50 km. long road along the Khurmola Gad,while

Uttarkashi is also approachable by another road passing through Bhaldiana and

Lambgaon along the Jalkur Nadi. Light vehicular traffic is also possible on
the Sarot-Chapra,Dhanaulti-Chapra, Silkyara- Bangaon,Gangori—Dodhi Tal and

Tekhla and Netala 'logging section' roads (Map ~2).

1.2 CLIMATE

The climatic conditions in the Lesser Himalaya are important governing

* Refer appendix for the location
*%* In the text, this highway is referred as the Uttarkashi road and the
mi lestones are given with reference to Rishikesh,



factors in carrying out field work without great hardships. Due to the varying
altitudes from 800 to 3000 metres and topogranhical features, the diverse type
of climates limit field season only to a few months. During the summer,
the valleys are hot, humid and uncomfortable. The rainy season assumes its
feroeity during 3rd week of June and continues till August. The winter

season is very cold from December to March. It penerally smovs at higher
altitudes while the rains are common in the valleys during winter. The
temerature varies from -3°C to 35°C, The maximum annual rainfall is about
250 cm. However, the winter in 1966-1967 was throughout pleasant during which

the main geological work was done.

1,3 PHYSIOGRAPHY AND DRAINAGE

As in any nart of the Lesser Himalaya, the topography is tynically immature,

rugged, hazardous with thickly forested slones. The area is characterised by

the NNW.SSE to WNW_ESE trending prominent ridges and is separated from the
Yamuna drainage system by a NE-S¥ ridge in the west and northwest. In the
southwestern region, the Gorpha Dhar* joins with the Nag-Achrala Dhar and

runs in the NV-SE direction. In the western part, many ridges trend more

towards north northwest and north., On the left bank of the Rhagirathi river,

the imnortant ridges are formed by the dessication of ground by the Dhanari,

*%
Gamri and Dichli Gads, and converge near hill 2890 metres,

The elevation . of the area varies from 730 netres in the Rhagirathi
valley near latitude 30°30' to the hill 2890 metres on the Baul Danda*.
The topogras™ical man of the area shovs many peaks with more than 2500 metres
in height., Of these the imoortant ones are Deo(2648 metres) and iagni Thak

(2701 metres) and are made up of hard quartzites (Ma» -2).

* Dhar and Danda equivalent to ridge.

*% Gad equivalent to stream.



The area is drained by the mighty,turbulent perdnnial Rhagirathi, a
tributary of the River Ganga. The Bhagirathi drainage system includes the
following important streams:

(1) Nagon Gad flowing in the SE direction in the southwestern part,
(i11) Daski Gad, a SE flowing tributary of the Khurmola Gad in the central
western vart of the area,
(111) Frurmola Gad draining the northwestern region with a S 20°E flow,
(iv) Rano Sialam,Kaldi and Gawana Gads flowing towards south and draining
a part of the northern region near Uttarkashi.
(v) Baragadi,Dhanari,Gamri and Dichli Gads draining the eastern region
with a westerly and northwesterly flow,

*
(vi) Jalkur Nadi flowing to the south,

The Pali Gad and Aglar Nadi flow to south and west respectively and

belong to the Yamuna drainage system,

In the north, the Bhagirathi river flows almost east-west between
Uttarkashi and Nakuri for about 10 km, andlmcanders in NW.SE and N 30°E-S 30°W
directions. At Nakuri, the river takes a very sharp turn of 100° and changes
its course to N 10°E-S 10°W for about 19 km, tho Dharasu. Further in the
southeast, it flows NW-SE, The E-V trend of the river between Nakuri and
Uttarkashi is peculiar to the area as it 1is characterised by a broad U-shaped
valley in comparision to a typical V-shaped valley elsewhere., This feature
apnears to have been structuraily controlled by the presence of Baragadi
Fault and Uttarkashi Thrust (pp.63 & 73) along the river course, This is also
evidenced by another U-shaped valley of the Baragadi Gad along which the fault
extends for considerable distance. The U-shaped vallev of the river Bhagirathi
has also been observed between Chunyali and Chham where the river flows along

the Malli Anticline(p.60), Here, the valley is wide and beautiful with three

* Nadi equivalent to small river but bigger than Gad.



flat cultivated river terraces. In addition, the other faulted U-shaped valley

is of the-Aglar Mrddl, ©

Though the Bhagirathi river for most of the part im fts upper course
flows transversely to the regional NW.SE strike of the Central Crystalline
7one, it seems to have been effectively controlled by the strikelof the Lesser
Himalayan formations between Gangori-Netala, Nakuri-Uttarkashi and Dharasu-

Chham.

The topogranhy of the region is controlled by the lithology,strike and
joints of the rocks. The variations in the trend of cifferent ridges viz.,
Goroha Dhar(N 60° W-S 60°E), ridge between Nagon and Daski Gads (N 55°W-S 55°E)
Molthat Dhar(N 30°W-S 30°E) and Dano Dhar (N 10° W-S 10°E) are undoubtedly
related to the variation in the strikes of the Nagthat, Dharasu. and Quartzite
Formations., Many northwest-southeast trending ridges in the eastern part of

the area are similarly controlled by the strike of the Quartzite Formation,

A similar structural control over many streams {s also apparent from their
mutual retationships with the strike of the formations. Many of the valleys of
Aglar,Nagon,Daski,Khurmola,Baragadi,Dhanari and Gamri Gads not only reflect
this control, but even the slight changes of 20-30° in the strike directions
of the formations are also imprinted in similar deviations in the stream

courses. The main topographical features are shown in Map 2.

Adopting the drainage terminology as summarised by Howard(1967), the

following drairage patterns have been identified in the area.:

(1) Radial drainage nattern - It has been observed at Nagni Thak,Deo,

Baul Danda and hill 2288 metres. The minor streams flow in all direct-
ions from these high neaks. The drainage is typical of the Quartzite

Tormation which comprises hard jointed quartzites.



(11) Parallel drainace pattern - It is ubiquitously distributed and

represents steep slopes.

(111) Annulate drainage oattern - Such a pattern is developed by Baragadi,

Dhanari and Gamri Gads in the castern part. The rectangular pattern
1s oriented approximately NW-SE,NE-S" to N-S and E-¥. The prominent
N'_SE direction is controlled by the strike of the quartzites,bedding

and other joints.

1.4 FLORA AND FAUNA

The thick forested cover over the rugged mountainous terrain is an
important element in the landscape of the area. Accordingly, deciduous,dry
subtronical and temmerate forests are governed by elevation,temperature and

precinitation. Shisham (Dalbergia sissoo), saal(Shorea robusta), tun,

(Ecorelatona) are common at about 1200 metres., Chir (Pinus longifolia) forests

are most common in the area between 1000 and 2000 metres and yield much of

the revenue. At higher elevations deodar (Cidrus deodara) and barunj

(Rhododendron arborcum) forests beautify the landscape.

Among the fruits, mango, banana,orange and lemor grow at lower altitudes
while apple,appricot, citrus,peach, plum,pear,strawberry,kaphal etc. are more
common at higher elevations. The crops are mainly whoat,rice and mandwa. The
vegetables are mostly potato which is cultivated at higher altitudes in abun-

dance besides tomato cabbape ,chillies etc,

The fauna is on the decline due to unauthorised hunting, The big animals
like bear,leopard and tigers are rarely seen. Other wild animals are pig,
wolf, jackal, langaur,fox, snotted deer etc, Snakes and scorpioms are common
in the valleys, Some of the beautiful birds are cuckoo,golden eagles,

pheasent ,peacocks.



1.5 PREVIOUS WORK

The regional geology of Simla -Chakrata, Dehradun-Kalsi-Mussoorie and
Pithoragarh -Almora regions of the Lesser Fimalaya have been systematically
worked out in detail by the various workers in the past 100 years. Medlicott
(1864), 0ldham (1883), Middlemiss (1891) and Holland(1908) paid more attention
to the geology of the Simla-Chakrata- Mussoorie regions in the southern nart
of the Lesser Himalaya. The work in the late 19th and early 20th centuries
has been summariéed in certain important publications e.p ., ""Geology of Himalaya

T e " by Hayden (1908) and Rurrard and Heron (1934).

The regional geological and structural work in the Himalaya gained momen-
tum af;er the description of nappe structure in the Simla Hills(Pilgrim and
West, 1928), After this, the contributions of Wadia (1931) (Syntaxis of Nt
Himalaya), Auden (2934a) (Geology of the Krol Belt), Auden (1937) (Structure
of Garhwal), Heim and Gansser (1939) (Central Himalaya), Vest (1939) (Structure
of the Shali Window), Valdiya (1962; 1964 a,b,c) (Geology of Pithoragarh
region and lesser Himalaya) and Gansser (1964) (Geology of the Himalayas)
have thrown much light on the geology, stratigraphy ond structure of the
Himalaya. Of these, the contributions of Wadia (1932, 1938, 1955,1961) and
Gansser (op.cit) are valuable in understanding the regional structure of the

Himalaya.

From the geological point of view, the present area has been paid ittt le
attention andwas investigated only along 2 few traverses.by Auden, Since his
work 1in this part of Garhwal formsthe nucleus of all further studies and
has been referred in this work every now and then, it has been reproduced as
below, Auden's (1936) traverses to Gangotri along the Bhagirathi river in the
Tehri Garhwal, covering a part of the present area hsave been summarised in

the General Report of G.3.1. for 1935



“The rocks encountered along Bhagirathi River as far as 5in1(30046':
78°351) consist of three groups in the following sequence:- top - schistose
phyllites resembling Chandpurs, a thick series of quartzites and bottom -
slates and limestones. The quartzites are well exposed from 78° 30' eastward
to Sini and show a striking resemblance to those seen at Chamoli, Along this
part of the valley, as along Alaknanda,there are extensive basic intrusive
rocks, now as epidiorites. St111 further northeast these are converted into
hornblende schists. At Sini there is an abrupt change from sheared quartzites
to the overlying schists and gneisses SRR

A somewhat more detailed account appeared in the General Report of
G.S5.,1, for 1937:

" Mr. Auden has traced the Tons Thrust from Sarog (30°421:77°44") to
Khand (30032': 78°21') where it appears to terminate abruptly along the
3hagirathi River against major tectonic unit which divides the Barahat series
from the overlying Chandours. The Barahat series is a newly recognized group
of rocks congisting predominantly of quartzites together with limestones
and occasional lavas, These quartzites resemble those of both Nagthat and Tal
series but from their general relationships, Mr. Auden favours their correla-
tion with the Nagthat (Jaunsar Series). They occupy extensive areas to the
northeast of the Bhagirathi River and like the Nagthat quartzites show complex
secondary folds, Mear Pirhi hill (300°26':78°32') and Partapnagar, the associ-
ated limestones are mostly silicious dolomites containing bands of pale chert,
but towards the northwest this type disappears,metamorphism increases and the
limestones occur as fairly banded marbles similar to those in the Mandhali
Serfes south of Chakrata. These marblesare to be seen near Giunota(30°45':
78°17!) and just north of Barahat Rest House (30045':78°27'). Amygdaloidal
lavas occur near hill 5838 (30°30':78°28') and may represent a local develop-
ment of Panial Traps. A volcanic suite likewise is associated with quartzites,
occurs south of Chamoli (30°24':79°20'). The Barahat series extends to the
southeast into 53J/SE cropoing out at Maniknath hill (30022':78°40') and
gertainly joins up with the Chamoli group which Mr. Auden noticed along Alak-
nanda River in 1932 in sheet 53 J/N¥, The SV boundary of this series with the
overlying Chandonurs is regarded as thrust plane and has been traced from
300461:78°17"' to 300241:78°32'. A large intrusion of dioritic rock grading {into
dolerite occurs on the east of Khurmola Gad just west of Guinota",

Further reference to Auden's work (1949) in the region appears in the
General Renort of G.S5.1. for 1939.

"The main point of interest is that the Barahat series,first found in
1937, occurs in a tectonic window called by hAuden as Chamoli Window.... Rocks
exnosed in the window are quartzites, dolomites and green beds including
volcanics. Auden now proioses to substitute the name Garhwal Series in plase
of Barahat Series., Limestone .... appears to be overlained and underlained by
quartzites and Auden thinks that the whole series may »robably be equivalent
to Nagthat-Blaini-Krol-Tal sequence of the Krol Tectonic Unit with two main
differences (1) no tillite have been seen in Garhwal Series(2) amygdaloidal
andesites (perhaps contemporaneous with Panjal Traps) are found in Garhwal
Series but not in the Krol Unit. It is significant that Tejam Calc Zome of
Heim and Gansser also occurs in a tectonic wirdow below overthrust crystalline
and that this zone is the southeast continuation of Auden's Garhwal Series".



In recent years, the Geological Survey of India has carried out systema=~
tic maoping of the area and the results of this work have now being communi -
cated in the general report for 1964-65. In 1966-67, a team of geological
trainees from the Indian Photointerpretation Institute,Dehra Dun have studied
a part of the area for the aerial vhoto-interpretation of which a sketch map
covering only the southwWwestern portion of the area has been published
(Runke,1968), A part of the southwestern region has also been traversed by

Rao (1963,1968).

1.6 SCOPE OF UWORK

The oresent work is a part of the assigned oroject in the lesser Himalayan
region between the Rhagirathi and Yamuna rivers under the Himalayan Geolog
Schame of the University Grants Comrission as has been implemented in the
various Indian universities on the recommendation of late Prof.D N, "Tadia,

F,P.5. at the Summer School on the Himalayan Geology, Simla in 1963,

In 1937, Auden in his tectonic map and cross-scction across the Garhwal
Himalaya(Map -10,Fig.57) has left a wide gap between the 'autochthonous zone,'
on the northern fringe of the Krol Nappe and the Central Crystalline Zone and
equated this with the Krol Nappe tectonic unit with a quéstion mark (aiso
Auden,1949). Subsequently in 1949 he named this part of the inner sedimentary

belt as 'Carhwal Series' and observzd its nccurrenein the 'Chamoli Window',

With the atim of bridging this gap in the geology of Garhwal, the present
worker has chosen this area which incordorates a major nart of ‘Garhwal
Series' and covers a nart of the northeastern region of the Simla-Krol Belt.
Mo detailed nublication dealing with the geology of the present area has so
far appeered and therefore this thesis is the first attemst on the geology of

this unknown and important part of the Garhwal Himalaya.



1,7 FIELD WORK

The ares under investigation was first visited in November-December, 1965
for a reconnaissance and was again traversed in May-June,1966. The detailed
geologlcal work has been carried out during October to March,1966-1967. About
8 months spread over in the three field seasons have been spent in the field,
In addition, the adjoining areas have also been traversed for n better under-
standing of the regional structure. These traverses include (i) Uttarkashi-
Bhatwari-Tiara along the Bhagirathi river,(11) Uttarkashi-Dodhi Tal, and
(141) Barkot-Syanachatti along the Yamuma river, Resides this, another two
months €May and June) in 1965 were also spent in the Srinagar -Rudraprayag

area of the Tehri district.

Due to the inaccessibility and difficult terrain, the geological field

work was mainly confined along the traverses dealing with the following aspectsi

(1) Detailed geological mapping of the arca with Brunton Compass on
2 em, = 1 km, scale (1:50,000).
(11) Collection and plottinp of structural data.
(111) Collection of representative samples of all rock types including
systematic sampling of dolomites and limestones,
(iv) Preparation of geological field map, cross scctions and sketches of

tgportant features which were also photographed.,

1,8 LABORATORY WORK

The following laboratory investigations have been carried out during
the present work:
(1) A critical study of relevant geological literature.
(11) Petrogranhic studies - (a) study of megascopic characters of the

samnles, (b) study of nearly 350 representative thin sections, (c) modal
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analysis of various rock types by mechanical stage, (d) staining of nearly 50

dolomite and limestone samples and thin sections by Alizarine Red 5.

(111) Insoluble residue analysis of 39 samples of dolomites and limestones,
(iv) Chemical analysis of 26 samples of dolomites and limestones for

their calcium and magnesium contents,

(v) Heavy mineral studies of 31 samples of the Quartzite Formation from
the area in addition to 19 samoles from Bhillangana-Srinagar-Rudraprayag
and Phapirathi{-Yamuna valley regions,
(vi) Structural analysis of megascopic features from limited areas with
the help of selective and synoptic contour diagrams,
(vii) Preparation of geological maps, cross sections, sketches etc. to

elucidate the work,



¢EO0LOEICAL SETTING LITHOLOGY ANE
PETROERARPHI O R0CXRS

2.1 INTRODUCTION

The present area covers a part of the northeastern portion of the Simla-
Krol Relt but it mainlv lies within the Deoban-Tejau Zone of Gansser(1964).

As has already bean worked out by several workers e.g., Auden (1934 a) and

Gansser (op.cit.), the lower sequence of rocks in tinese belts (pre-Blaini
“ormations) generally comprises Algonkian to Lower Palacozoic,unfossiliferous,
arenaceous and argillo- calcarecus sediments. Since the area has not been
earlier studied in detail, the writer has mapped it 2n 2 cm, =1 km. scale
(1550,000) (Man -3). On the basis of this mapping,the different rocks have

been grouped into many lithostratigraphical units (Table 1):

The formations have been affected by metabasic and augen mylonites.
intrusives which are more abundapt in the Carhwal Sroup. The rocks have
penerally suffered low grade metamorphism due to which many of the sadimen-

tary texture are obliterated,

in the presenft work, nearly 50 thin sections anc polished saﬁples of
limestones and dolomites were stained with Alizarine Red S for the identifi-
cation of calcite and dolomite (cf., Friedman,1939; Dickson,1965). Calcite
is stained to pink and purple colours while dolomite remained unaffected.
Further Mackee and Weir's (1953) classification of thickness of
sedimentological unit has been adopted while "entworth's (1222) scale of
grain size is Tollowed in describing the class limits for the clastic grains,
The thickness of the lithostratigranhical units has been determined from

many representative geological sections drawn across the formations.

Duye to the meta-sedimentary character of the rocks, the following
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CLASSIFICATION OF LITHOSTRATIGRAPHICAL UNITS OF THE AREA

| PRESENT CLASSIFICATION

AUDEN'S CLASSIFICATION
(1934a;1949)

(1) Laluri Formation

Slates,quartzites and phyllitic
slates,

(2) Chandpur Formation

Alternating phyllites and quartzites.

(3) Napthat Formation

Schistose quartzites,sericite quarte
8chists, arkoses etc.

(4) Dharasu Formation

Slates,phyllites and argillaceous
quartzites,

(5) BRangaon Limestone

Dark greyish black limestones.

(6) Garhwal Group

Quartzites, limestones,dolomites,
slates,phyllites,metabasics etc,

(1)

H
t

L8

(8l

Mandhalis

Quartzites,slates, limestones with
conglomerates.

Chandpurs |

Alternating phyllites and quartzites.

Nagthats
Juartzites, sandstones, arkoses with
conglomerates and minor slates and

phyllites.

Simla Slates

Slates,phyllites and graywackes. |

Deoban Limestone

Dark grey limestones with minor slatesé

Garhwal Series i

Quartzites,slates,limestones with
amygdaloidal lavas,
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descriptive classification has been used for the arenaceous rocks *

(i) The term quartzite is substituted for quartz arenite or orthoquartzites

in conformity with the general usage,

(11) The argillaceous quartzites refer to arenaceous rocks with more than

157 matrix and less than 107 feldspar and mica.

(111) The terms micaceous and feldspathic quartzites have been used for
arenacenus rocks with less than 10% detrital mica and feldspar respectively

and minor amount of matrix.

(iv) Matrix is arbitrary defined as less than C.03 mm. but must be

largely interpenetrative due to metamorphism,

The stratigraphical relationships between various formations are compli-
cated due to many large scale thrusts or faults along the contacts, Table 20
summarises the stratigraphy of each structural unit (Chapter 7). Here the
formations have been described from south to north, The Part 1 of this
chapter deals with their distribution, field and mepascopic characters while

the microscopic characters have been described separately in Pare 11,

2.2 BASIS OF NEW CLASSIFICATION

As has been shown in Table 1, the different lithostratigraphical units of
the area are comparable to the classification of Audan(1934 a, 1949). Due to
unmanped adjoining areas, new and modified classificrtion has been adopted on

the basis of the following criteria:

(1) Lithological characters and their associations which are comparatively

different from the already established units.

(i1) Normal stratigraphical succession as evidenced from the gradational

contacts and sedimentary structures.

(111) Structural relationship of different litiostratigraphical units

in the area.
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(iv) Doubtful strike extension of the established formations due to

unpublished work in the adjoining region.
(v) Association of basic rocks in the Garhwal Group rocks.

The "Code of Stratigraphic Nomenclature(19613" has been adopted in
classification of the lithostratigraphical units. The earlier stratigraphical
names have been modified and a few 1ames have been added to elucidate characters
of the rock units. The term series, e.g., Chandpur Series and Garhwal Series
has been changed to formation or group (Article 6). Though some of the
lithostratigraphical units viz., Laluri and Dharasu Formations appear to be
the strike extensions of the known series (Mandhali Series and Simla Slates
respectively), new names have been used because of different and variable
litholpgical characters and discontinuity in the gcological work. This has
helped in avoiding confusion with the present day numenclature. The names like

s

Dunda and Uttarkashi Formations describe varying lithological,stratigra-

phical and structural characters of probably the sane sequence which is exposed
in the Dunda and Uttarkashi Vindows (Chapter 85

PART -1 GEOLOGICAL SETTING

2.3 L.LUXI FORMATION

2.3-1 MODE OF OCCURRENCE -

About 400-1000 metres thick sequence of slates,phyllites and quartzites
is exposed on the Gornha Dhar slopes and is designated as Laluri Formation
after the village Laluri. The formation has been mapped from Chapra to Chham
on right banks of the Nagon Gad and Bhagirathi river for about 15 km. in
N60°" - S60°E direction. It overlies purple argillaceous quartzites of
the Dharasu Tormation and is delincated from the latter by the Tons Thrust
(p. 66). The formation further extends in the nortawest and southeast

(Chapter 7) and dips uniformly to the S30°VW at 30” on an average.
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The Laluri Formation has been subdivided into 3 mappable Laluri A to C

Members (Fig.l) which are conformable and show normal gradational contacts.

2,3-2 LALURI A MEMBER

The Laluri A Member, the lowest mappable lithostratigraphical unit of the
Laluri Formation, consists predominantly of black friable slates and phyllitic
slates with sporadic occurrences of quartzites, sandstones and limestones. It
grades into the overlying greyish green phyllitic slates of the Laluri B
Member but is dislocated against purple argillaceous quartzites of the Dhara-
su Formation. The thickness of the member varies from O to 300 metres. It
pinches out at Kiari and extends for at least 15 k. in a narrow outcrop to
Kandi in the southeast

The bulk of the Laluri A Member comprises black,splintry slates which
crumple easily to very small fragments. These weather to dull brown and olive
green surfaces with occasional white encrustatioms., In the southeast near
¥hand and Kandi, the slates are compact and phyllitic in character and develop

distinct sheen and rarely wrinkled surfaces.

A characteristic of the Laluri A Member is impersistent occurrence
of a greyish-buff, jointed, hard quartzite with a bluish hue. These are met
with near Kiari, hill 1549 metres, Kunsi along the Sarot-Chapra road,Laluri,
Gona,Birkot and near milestone 61/4 along the Uttarkashi road., Sometimes this

quartzite 1s a useful marker horizon in mapping the member.

A small patch of black, coarse grained sandstone is intercalated with
slates in southeast of Kunsi along the Sarot-Chapra road aleng with a small
outcrop of dull brown, massive limestone, In addition, black, massive,cherty,
nodular limestone is observed within the slates near milestone 61/4 on the

right bank of the Bhagirathi river,

2,3-3 LALURL B MEMBER

The Laluri A Member grades to greenish phyllitic slates which have been

classified into the Laluri B Member. It is exposed ir a narrow outcrop between
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Chapra and Ramolisera for nearly 15 km. along the strike. Like the Laluri A
Member, it thickens from about 100 metres at Nala to about 400 metres at

Pamolisera in the scuthesst.

The member comprises greyish green, thinly leminated(0.05-1 mm,),
sheeny phyllitic slates with minor purple, slaty,argillaceous quartzite inter-
calations. These quartzites can be seen near Laluri. The slates weather to
yellowish brown surfaces and are marked with small silica veins which develop

a lineation,

These phyllitic slates and argillaceous quartzites bear strong resemblance
with those of the Dharasu Formation. The Laluri B Member dips 30° due S35°W on

an average.

2.3-4 LALURI C MEMBER

Overlying conformably the phyllitic slates of the Laluri B, the Laluri
C Member is nearly 300 metres thick and is mappable for at least 14 km. along
the strike from Andhiari to Ramolisera., Like the other members, it also
extends for another 3-4 km, along the Maindkhal-Chham mule track in the south-
east, The member consists of purple-green slates with intercalated gritty
and argillaceous quartzites. The good exposures are secen near Andhiari,
Kiari along the Sarot-Chapra road, 0.5 km, SW of Laluri forest rest house,

and Naogaon. The member dips.30° due S35°W on an average,

Generally the slates are purple in colour but the green-purple-buff

colour banding is not unconmmon. These grade to argillaceous beds of quartzi-
tes. There is a well developed slaty cleavage dipping in the SW at low angle
to the bedding., The cleavages arae marked with good micaceous sheen, The
quartzitic beds are buff-grey,thickly bedded and get coarser to :grits at
places. The gritty quartzites show greyish purple elliptical and rounded

quartz grains in a purplish recrystallised argillaceous groundmass (Fig.154),
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2,5 CHANDPUR FORMAT ION

2,4.1 MODE OF OCCURRENCE

A thick sequence of laminated phyllites and quartzites conformably
overlies the Laluri C Member and is classified into the Chandpur Formation
(Fig. 1). As has been mentioned on p.13, the earlier Chandpur Phyllite(Auden,
1934 a) or Chandpur Series(Auden 1934 b) has been changed to the Chandpur
Formation. Auden (1934b) has continuously traced the !Chandpur Series' from
west upto Nag Tibba, From the general consideration of the regional strike,it

should extend in the area as the Chandpur Formation (p. 215),

2,4-2 FIELD AND MEGASCO?IC CHARACTERS

The formation resembles the typical 'Chandpur Phyllite' (cf. Auden,
1934a) and comprises greenish black phyllite and greyish green or greyish buff
quartzite laminae on a fine scale (Fig. 155). As many as 18 to 20 laminae can
be counted in one centimetre. Near Andhiari, the quartzitic layers are thicker
and dominate over the phyllites, The overall quartzitic nature is apparent in
contrast to the argillaceous character of the formation near Basul and along the
Aglar Nadi. The sheeny bhyllites occasionally show wrinkled surfaces due to an
incipient slip cleavage which also develops a fine linesation, The rock is
slaty near Basul without any micaceous sheen and weathers to greyish and

mottled ash-grey-tan colours,

Interbedded with the Chandpur Formation are a few quartzite beds varying
in thickness from 2 to 100 metres and have been noticed at Pokhri and 0.5 km.
NW of Ardhiari. The quartzites are buff,massive and very coarse to fine grained.
The contacts with the phyllites are sharp though a few phyllitic layers

occasionally pgrade into the quartzitic beds.

The Chandpur Formation is mainly exposed in a 1.5 to 2 km. broad NW.SE
trending outcrop between Andhiari and Basul on the northeastern slopes of

the Gorpha Dhar and extends further to the southeast of latitude 30°30',
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The formation is approximately 800 metres thick and dips 30° due S30°W,

It is overlain by the Nagthat Formation with a thrust contact (Basul Thrust),
Another exposure of the Chandpur Formation is mapped in the southwest

between Thaturu and Bhawan Devi on left bank of the Aglar Nadi (Map 3)

Here, the phyllites dip 15-50° in S to S50°7 and abut against the northeasterly

dipping Nagthat Formation which is separated from the Chandpurs by the Aglar

Thrust (p. 64),

2.5 NAGTHAT FORMATION

Formerly designated as a stage of the Jaunsar Series(Auden, 1934 a) but
later separated into a separate series, namely the Nagthats(Auden 1934b;
Pascoe, 1959, p.452), the Nagthat Formation overlies the Chandpur with a thrust
contact and is at least 1500 metres thick in the area (Fig.1l). The formation is
predominant ly arenaceous and consists of sericite quartz schists,schistose
quartziﬁes and quartzites with minor amount of arkoses,slaty quartzites and

schistose phyllites,

The sericite quartz schists are mainly developed in the vicinity of the
Basul Thrust and grade to schistose quartzites further away from the thrust,
These are greyish green, friable and strongly schistose. A prominent foliation
is defined by two subparallel planes at low angles and is marked with elongated

quartz and mica flakes,

The schistose quartzites and quartzites predominate over the other types
and are approximately 500 metres thick on the Gorpha Dhar. These are buff grey,
hard, jointed and occur in 10-70 cm. thick beds. The bedding is characteristi-
cally prominent and is marked with schistose phyllite intercalations, A few
greyish white coarse quartz grains are visible as rounded clasts in a fine
quartz rich groundmass. In these quartzites the foliation is poorly devaloped

with a faint micaceous sheen,
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The arkoses are met with in regions south of Deosari while the slaty
quartzites are seen along the Bhawan Devi-Bhal footpath., The former are greyish,
thickly bedded, medium grained :in character and exhibit subrounded,white and
porcellaneous feldspar grains. The slaty quartzites are buff-brown,fine grained

and thinly cleaved,

An important feature of the Nagthat Formation is the occurrence of thin
schistose phyllite intercalations in the schistose quartzites. Along the
Dhanaulti road and 1 km. NE of Deosari the schistose phyllites are well deve-

loped and are dark greyish black,sheeny and laminated in character.

The change from the underlying Chandpurs to l'agthat Formation is abrupt
with a sharp lithological contrast. While the Chandpur Formation is predominantly
argillaceous,the Napthats are arenaceous without any gradation at the contact,

An abrupt increase in the metamorphic effects is also noticeable along the
contact as compared with the underlying Chandpurs andis best observed at Basul,
Koti,SW of Laluri and along Dhanaulti road. The phyllites develop a conspicuous

sheen and are in fact, schistose phyllites,

The Nagthat Formation dips 10-50° in the SW and NE directions and is
folded into the Deosari Syncline. It is bounded by the Aglar and Basul Thrusts

in the southwest and northeast respectively,

2.6 DHARASU FORMATION

2,6-1 DISTRIBUTION

An interbedded sequence comprising of slates,phyllites and argillaceous
quartzites is best exposed in the regions around Dharasu and occupies a vast
area drained by the Bhagirathi river and Khurmola-Daski-Nagon Gads. The
Dharasu Formation is nearly 2500 metres thick across the Chapra-Katkhet Section
where it is exnosed in nearly 10 km, wide track and windens in the northwest,
It rapidly narrows to 1,5 km. in the southeast along the Bhagirathi, between

Malli and Kandi where it 1s nearly 700 metres thick.



19

In the southwest and northwest, the Dharasu Forration underlies the Laluri
A Member of the Laluri Formation with intervening Tons Thrust and Bangaon
Limestone with a thrust contact respectivelys In the northeast the Dharasus
overlie the Garhwal Group rocks and are separated from the latter by the
Dharasu Thrust, It is folded into four major folds of which the Daski Syncline

is the most important,

2.6-2 FIELD AND MEGASCOPIC CHARACTERS

Lithology - The Dharasu Formation comprises an interbedded associa-
tion of slates, phyllites and argillaceous quartzites. Of these,slates are
nearly 300 metres thick near the base of the formation inthe northwest on
left bank of Khurmola Gad between Silkyara and Rari. These are dull olive-
green to greyish black and thinly laminated rocks. At Bangaon these are
phyllitic i{n character and have been locally mapped as Units B and C of the
Dharasu Formation (Jain and Mithal,1968)while at other places the slates

imperceptibly grade to true phyllites,

The phyl'ites are predominantly greenish, leminated and arenaceous in
character. Generally the laminations are green, greyish green with greenish
grey hues and vary from 0.5-5 mm, in thickness. The green phyllites form
distinct beds of varying thickness from 2 to tens of metres and extend latera-
lly for some distance. Megascopically these resemble with phyllites of

Laluri B Member of the Laluri Formation,

The rocks of the Dharasu Férmation are dom nantly arenaceous in character
and are characterised by grey-green-purple, laminated,thinly bedded and massive
argillaceous quartzites which look like 'wackes's These quartzites are genera-
11y laminated (Figs, 136 &156 ) to thinly bedded (0.5 mm - 15 em, ),

The argillaceous quartzites are grey-purple in colour with many shades of
greenish grey, greyish green, dark greyish black, purple grey,and greyish

purple. The quartzites imperceptibly grade to phyllites with individual



20

sedimentological unit measuring about 10 cm (Fip.135). The various shades in
quartzites are intimately associated on a fine scale so that the formation
cannot be subdivided into separate members, Neverthelers, the greyish and greenish
argillaceous quartzites are more common on the left bank of Khurmola Gad and
Bhagirathi river between Majhgaon-DharasyPujargaon and are generally devoid of
purple coloprs while the purple,massive argillaceous quartzites are more common

along left bank of the Nagon Gad near contact with the Laluri A Member,

Generally,the argillaceous quartzites and phyllites are schistose along
cort act with the Garhwal Group of rocks. The contrast with the Garhwal Group is
striking when in contact with the Dharasus e.g., at milestone 73/2 along the
Uttarkashi road. The contact is impersistently marked with schistose met?-
basics near Soman and Ulya while the Dharasus are intiuded by a metabasic sill

at Rari,

Sedimentary structures - It is peculiar that the sedimentary structures

in these rocks are generally lacking, However, a few 'ball and pillow' struct-
ures, trough current bedding and flute casts have been observed at some loca-

lities.

(i) 'Ball and pillow' structure - Pillow shaped concretions of greenish grey

argillaceous quartzites are wrapped around by elliptical shaped laminae of the
groundmass in the immedinte contact with the concrations (Figs.145 &159 ). The
pillovs have been noticed (a) 0.5 km., north of Chapra on the right bank of

Nagon Gad, (b) at milestone 2/1 along the Dharasu-Barkot road.

(ii) Trough current bedding - It is noticed in one outcrop of the purple

grey argillaceous quartzites at milestone 70/4 along the Uttarkashi road and

is locally inverted to the northeast,.

(1i1) Flute casts - Faint flute casts with S65°E trending oriented ridges occur
on the undulating bedding surfaces in the greyish-green argiilaceous quartzite

outcrop at milestone 70/3 along the Uttarkashi road (Fip., 146)...-
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Mesoscoric structures

(1) Planar structures (i) Beddinpg planes - The primary bedding or original

stratification in the Dharasu Formation dips variably from 30° to 99° in N20°W
to NE and S20°E to S80°E and N80°W, On the southern limb and in the core of
the Malli Anticline,the rocks are steenly dipping to 50-70° due SW between
Kandi and Chunyali along the left banrk of the Bhagirathi river. The formation
also dips steeply northeast of Dharasu along the Dharasu-Barkot and Uttar-
kashi roads (Fig., 135). The formation shows varibale strike at different
places (Map 5). The strike of the formation swings to E-W near the Bangaon
Thrust in sector 1 (Fig.7) while it trends N60°W -S60°E and N4O°W-S40°F in
sectors 2 and 3 near Jastwari and Katkhet respectively (Fig. 8 & 9), On
northern limb of the Daski Syncline, the strike of the formation is NNW-SSE
between Giunoti and Dharasu (Figs. 14,15 & 16) but even changes to NNE.SSW near

Rauntal,

(i1) Slaty cleavage - The argiliaceous quartzites are cleaved and flaggy

due to closely spaced slaty cleavage (Figs,151&156 ) which give rise to good
slaty blocks locally called as 'parals' for construction purposes. The cleaved
surfaces are sheeny due to micaceous minerals. While the bedding cleavage or
schistosity parallels the original stratification, the slaty cleavage 1is
inclined to the bedding (Fig.156), It dips gently to 35° S40°W on northern
limb of the Daski Syncline, On the other hand, it dips 30° N30°E on

southern limb of the syncline and at places even displaces the bedding by a

few millimetres (Fig. 151 ).

The slaty cleavage is aligned paralled to the axial planes of minor

folds in the core of the Nagon Anticline (Fig. 149 )and dips 40-60° NE-N75°E,

(i1i) Axial plane cleavage of minor kinks - Another fine cleavage due to

minor kinks is found superimposed locally on the bedding planes Or earlier
slaty cleavage in the argillaceous quartzites along the Barethi-Chapra mule

track (Fig, 152& 157 ). It dips 40-70° SW.5750%,



22

(iv) Joint planes - The argillaceous quartzites are closely and well

jointed along the bedding planes. These are nearly vertical on both sides of
river valley near Dharasu. In the phyllites, some minor joint planes are
filled with fine silica veins and develop a lineation on the bedding surfaces.,
The rocks.ére highly friable and jointed in the vicinity of the Dharasu

Thrust and develop loose scree material along left bank of the Bhagirathi
river for considerable distance between Chunyali and Khalsi.

(2) Linear Structures(i) Axes of minor kinks - The axes of minor kinks form

a promient lineation on the bedding planes or foliation and plunge to 10 -30°
in the southeast (Figs.150 to 152& 157), This lineation is mainly confined

on the southern limb of the Daski Syncline,

(i1) Minor wrinkles or microcorrugation: The sheenly phyllite surfaces
are minutely wrinkled along discrete planes giving rise to a lineation
plunging in the northwest and west at low angles between 10-30° on

porthern limb of the Daski Syncline.

(111) Lineation due to joint fillings - Locally the silica filling along

certain southeasterly dipping joint surfaces form regularly spaced lineations

plunging by 5-15° in N to N30“E directions.

Folds - The formation is folded into four large scale M¥.SE and NNW.SSE
trending anticlines amd synclines e.g, the Nagon and Malli Anticlines and
Daski and Rharkot Synclines of which the Daski Syncline is the most important.
The characters of these folds have been discussed elsewhere in detail

(Chapter 3, pp. 59-60).

Thrusts - In the northeast, the Dharasu Formation lies against Garhwal
Group of rocks and are separated from the latter by the Dharasu Thrust,
while in the southwest it abuts against the Laluri A Member of the lLaluri
Formation due to the Tons Thrust. Another dislocation plane, the Bangaon

Thrust ,delineates the overlying Bangaon Limestone from the Dharasus in the
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northwest (Map 3). The contact fcatures and other ficld evidences of these

thrusts have been elaborated in Chapter 3.

2,7 BANGAON LIMESTONE

A part of a thick limestone sequence overlies the Dharasu Formation
in the western region of the area near Bangaon. The limestone is conspicuous
from a distance due to rugged, buff-brown coloured topographical features. It
crops out near Bangaon along the Silkyara-Bangaon road. As has been noticed
from the ridge, 1.5 km. NW of Bangaon, the limestore appears to be an east-
ward extension of a thick limestone succession which is exposed 2long the

Yamuna river near Lakha Mandal,

Tyvically, the Bangaon Limestone is dark greyish black,fine grained,
massive and is marked with a few pyrite specks. At times, the slate interca-
lations and colour variations in grey and black shaces are conspicuous over
the weathered surfaces. The limestones dip 30 to 90" Adue 'N30°E-N60°E and are
thrust over the Dharasu Formation along a sinuous “I'W.ESE and E-V trending
Bangaon Thrust (Chapter 3). WNear contact with the Dharasu Formation,
limestones are argillaceous in character and are greyish green and thinly
laminated. At the contact limestones are earthy brown and coarse grained

in a 5-15 metres thick zone with thin phyliite bands,

2,8 GARHWAL GROUP

2.8-1 INTRODUCTTON

In the type area of Uttarkashi, the Garhwal Scries of Auden (1949),

originally named as the Barahat Series*(Auden,1938), is renamed here as the

Garhwal Group (Article 6f - Code of Stratigraphic Nomznclature,1961). Covering
approximately half of the mapped area in the rortheast,the Garhwal Group
comprises a thick pile of low grade metamorphosed arcnaceous and argillo-

calcareous sediments with occurrences of metabasics and an augen mylonite

* Uttarkashi is also known as Barahat
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LITHOLOGICAL CHARACTERS OF THE QUARTZITE FCRMATION

Augen mylonites and metabasics along the Singuni and

Dunda-Uttarkashi Thrusts respectively
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CHARACTERS

Black and purple,arenaceous,
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Dark grey,medium graired,mus-
covite flakes visible

Purple,massive,hard,medium
grained,with mud cracks

Buff-white,massive,hard, join-
ted,thickly bedded,medium to
fine grained,occasional curr-
ent bedding and ripple marks.

Buff-white,friable,medium to
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Buff-white,friable,rounded
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DISTRIBUTION

Impersistent,occur only
near the contact with
the Dichli Dolomite.

Widespread and predo-
minate over the other
rock units i

In the immediate
vicinity of the thrust
planes i

Near the base of the
‘aartzite Formation in
southern belt
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body.

In the northeast, the Garhwal Group is thrust upon by the Central
Crystalline Zone along the Main Central Thrust. In the southwest ,the group

1s overlain by the Dharasu Formation with intervening Dharasu Thrust.

Based upon the detailed mapping,lithological association,megasocpic and
microscopic characters, the Garhwal Group has been further subdivided into
four formations namely, Quartzite Formation, Dichli Dolomite, Dunda Formation

and Uttarkashi Formation,

2.8-2 RQUARTZITE FORMATION

Mode of Occurrence - The Quartzite Formation comprising ~ a thick sequence

of almost pure quartzites with occurrences of schistose sericite quartzites
Sometimes conglomeratic, quartz jchists, metabasics and augenmylonites,
occupy more than half of the Garhwal Group exposure (Map 3). It occurs in

the following two belts:

(1) A southern belt lying south of 30°34':78°30' - Bagyalgaon-Singuni
and hill 2239 metres, is bounded by the Singuni Thrust in the north and by

Dharasu Thrust or Dichli Dolomite at its southwestern boundary.

(ii) A northern belt occupies the difficult, forested and higher elevations
of the terrain around Uttarkashi between Jugaldi-Manpur-Dhauntri-Nakuri,
Extending to the northeast upto Sainj and Kupra along the Bhagirathi and
Yamuna rivers respectively, the belt is overlain by the Central Crystalline
Zone along the Main Central Thrust, In the south, it is thrust over the
Dunda-Uttarkashi Formation along the folded Dunda and Uttarkashi Thrusts

(Chapter 3).

The lithological characters of the Quartzite Formation have been

summarised in Table 2.
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Field and megascopic characters - The Quartzite Formation comprises mainly -:

buff-white, massive, hard jthickly bedded, medium tc fine grained quartzites
(Fig. 130). The individual beds vary in thickness from 10 cm, to more than

150 cm, The bedding is occasionally marked with coarse grits but the colour
changes in buff and white shades are more prevalent. Sometimes, even

purple -green-grey colours are also seen at milestone 74/0 along the Uttarkashi

road and near longitude 78°22' along banks of the Dichli Gad.

The contrast with dominantly argillaceous quartzites of the Dharasu
Formation is profound and is more apparent when both are in immediate contact
viz, at milestonre 73/2 along the Uttarkashi road. In comparisen to the
earlier described Nagthat Formation, the bedding in these quartzites is very
poorly developed and lack any slaty or phyllitic intercalations. At places,
it 1s even difficult to decipher the bedding due to their massive and jointed
character., The formation lack any argillaceous or wacke beds except near
contact with the Dichli Dolomite. Along the Dichli Gad, quartzites are
ferruginous 1in character and gre interbedded with 5-30 metres thick dark

grey micaceous quartzites,purple and black arenaceous slates,

The quartzites are mostly medium to fine grained but are pebbly and
conglomeratic in character near base of the southern belt at Khattukhal,
Singuni,Bagyalgaon and along the ridge near hill 2174 metres (Fig. 131).
However, the corglomeratic bed is absent at the road level (1020 metres).The
bed is about 0-300 metres thick and appears to be lensoid in shape. It
extends for about 8 km. in NW-SE along the strike. The bed is made up of
buff-white, rounded,pebbles and boulders (10 to 407) of quartzites which
vary in diameter from 3 to 30 cm. These are disc ﬁo'spheroidal in shape
(Fig. 160) are are embedded in highly schistose qunrtz sericite rich ground-

mass(Fig. 159).

Close to the Singuni and Uttarkashi Thrusts,the quartzites are



26

highly schistose and metamorphosed to quartz schists and schistose sericite
quartzites. These are friable and profusely smeared with white sericite along
the foliation planes (Figs.161 &162 ), The Schistose varieties are best
developed between Dhanpur,Foeld and Chaurikhal along the Uttarkashi Thrust

and Sartali, Soman and Bagyalgaon along the Singuni Thrust.

Sedimentary Structures - The paucity of sedimentary structures is surprising

in such a thick sequence of quartzites. The sedimentary structures,wher=
ever observed, are upside and indicate that the Quartzite Formation is normal
in its field occurrence except for local jnversion. These include current
bedding,ripple marks and mud cracks between milestones 73/6 to 74/4 and

80/0 along the Uttarkashi road and along right bank of the Dichli Gad near

longitude 78°22',

¢1) Current bedding - The sedimentological units contain planar and

festoon types of current beddings and in most cases the concavity in the
latter points upside (Figs,142 &143 ). However, at milestone 80/0, these
indicate an inversion of quartzites towards northeast (Fig.144 ). A few
palaeocurrent measurements along the road near milestone 74/0 give a south-

westerly current,

(i1) Ripple marks - The ripple marks generally occur as casts on the

lower surfaces of the bedding planes and are mostly symmetrical (oscillation
ripple marks) with smoothly curved troughs and sharp edged crests(Fig.140

& 141).

(i1 )Mud cracks - The mud cracks have been noticed on trough of
the ripple marks in one outcrop of the purple quartzites along the Dichli

Gad (Fig,l41).

Thickness - The Quartzite Formation occupies wide expanse of the map ped
region along left bank of the Bhagirathi river and is monotonously dipping

in the southwest along the Jalkur Nadi between Dhauntri and Lambgaon,
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Undoubtedly the quartzites are duplicated due to the Singuni Thrust,neverthe-
less, the formation apoears to be enormously thick along the Jalkur and it is

possible that a few thousand metres quartzites are exposed in this section,

Though it is difficult to measure camplete thickness of the Quartzite
Formation due to uncertainty of the presence of possible intraformational
faults or thrusts and complex folds, the reliable sections suggest following
estimates of the thickness: (i) 50 metres near hill 2288 metres,(ii) 300-400
metres between Sartali and hill 2339 metres, (1ii) 1200 matres near milestone
74/0 along the Uttarkashi road, (iv) 1,500 metres near Nakuri and (v) 1000

metres near Jakhni.

Dip and strike - On the regional scale, the Quartzite Formation strikes

NW-SE but it trends more northerly near Nakuri and nlong the Dichli Gad near
longitude 78°22', The dips are variable between 15-90° 1in the N to E, S50°E
to S and S80°W and N8O°W to N6OW directions.The low dips are more prevalent
near Maneri while the steep dips between 50 to 90° are observed near Nakuri ,
milestone 74/0 along the Uttarkashi road and Dichli Gad., However,

the formation dins 45° on an average with NE and SV dips,

Joints - The quartiztes are well jointed with 5-6 sets of closely spaced
joints, The prominent joints are mainly bedding joints and run for

5-10 metres (Fig. 130), A systematic joint study of the southern belt bet-
Ween milestones 73/2 and 74/4 on the Uttarkashi road gives bedding,strike
and oblique joinhts (Figs. 23 & 24). Near the thrusts quartzites are
shattered and even powdered, The strike of the beds and joints obviously
control Stream courses of many small tributaries of the Baragadi,Dhanari,

Gamri and Dichli Gads and Jalkur Nadi,

Mesosconic structures - The quartzites are generally devoid of minor stru-

ctures, but develop a prominent schistosity,mica linreation and slickersides
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along the UttarKashi Thrust between Dhanpur; Foeld and Chaurikhal along

the Uttarkashi-Lambgaon road. The foliation, slickensides and mica‘
lineations are generally jnclined at 15-60° in the northeast and southwest
directions and have been structurally analysed (Chapter 3). Along the
Singuni Thrust in the southern belt, the schistosity dips 35-60° SW and S60°W
with mica lineation plunging in the same direction, while the slickensides

plunge towards northeast along the Uttarkashi road.

Folds - Regionally, quartzites of the southern belt are uniformly
dipbing in the southwest and west and are devoid of any large scale folds.
These are locally folded in NNW-SSE trending axes near 30°33':78°22"' along

the Dichli Gad. The rocks dip at high angles to 60-80° on the limbs.

The important N60°W -S60°E trending fold axis in the northern belt
-of quartzites runs along the Baragadi Gad and Bhagirathi river between
Manpur ,Uttarkashi and Mat1i where it makes a symmetrical anticline. The
erosion of the crestal parts of this anticline has exposed the underlying
Uttarkashi Formation into a window, Both limbs of the anticline are

plicated into smaller NW-SE trending folds (Chapter -3).

Thrﬁsts - 1t has been noted carlier(p.2& ), the Quartzite Format ion
occurs into two separate belts and is demarcated by the Singuni,Dunda and
Ut tarkashi Thrusts. Of these, the Singuri Thrust marks base of the
southern belt and is characterised by about 300 metres thick augen mylonites
which is well exposed at milestone 75/0 on the Uttarkashi‘road (Chapter 4).
The southern contact of this belt is demarcated by the Dharasu Thrust
on right bank of the Bhagirathi river. The northern belt is demarcated
by occurrence of the metabasic rocks along the Uttarkashi and Dunda Thrusts

(Chapter 3).

2,8-3 DICHLI DOLOMITE

Mode of occurrence - The southern Quartzite Formation belt is
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conformably overlain by a linear N-S and NW-SE trending outcrop of carbonate
rocks, designated herein as Dichli Dolomite. The formation is well exposed

on both banks of the Dichli Gad near its confluence with the Bhagirathi river
and extends from hill 2208 metres to Khalsi for about 14 km, in the area. It
has been observed continuing further to the southeast left bank of

the Rhagirathi river upto Pirhi Hill (2742 metres) for another 16 km., The
formation is consnicuous from a distance due to its rough brownish red and

black mottled surfaces.

A complete sequence of the Dichli Dolomite is exposed on right bank

of the Dichli Gad and is represented in Figure 2,

Field and megascopic characters -The Dichli Dolomite comprises nearly

300 metres thick sequence of intraclastic dolomites,algal dolomites and dolo-
lutites. The change from the underlying Quartzite Formation is very abrupt
/ though a gradational zone of about 1 metre is marked with an imper-
sistent arenace~us intraclastic dolomite. It is immediately succeeded by
00
thinly bedded,coarse intraclastic varieties of dolomites(/sparite and intra-

sparite- cf., Folk, 1959, 1962)which make the base of the formation.

The intraclastic dolomites are generally greyish and purplish in
colour with rounded, elliptical,circular and elongated greyish buff intra-
clasts of dolomite(Fig,164). These vary in size from 0.5 mm. to 2 cm, in
diameter and are prominent over weathered surfaces. The interstices between
the intraclasts are filled with coarse rounded,grciish,transluscent quartz

in a dolomitic cement,

After a thin impersistent dololutite horizon, the intraclastic
dolomites arc succeeded by algal dolomites which can be easily identified
in the field by their tynical mound like vertical cclumns.These are more
prominent on weathered surfaces (Fig.163). The algal dolomites are chara-
certised by dome shaped, grey-white-purple coloured alternating curved

laminae with an upward increasing diameter. The laminae are 1 to 5 mm, thick
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in the centre of the column and .. thin out near the contacts with the adjoining
eolumns. In normal case, the concavity'of these laminae points downward but
is reversed where the beds are inverted, e.g.,near the Dharasu Thrust on

left bank of the Dichli Gad.

In form these appear to be stromatolitic structures and bear strong

affinities with Collenia. These have been classified as Collenia columnaris

(cf., Fenton and Fenton,1937). Similar forms of Collenia have been described
from the following carbonate sequences of the Lesser Himalaya: lower Shali
Limestone (Valdiya,19624,1967,1969), Upper Shali Limestone (Valdiya,b1967,1969),
Deoban Limestone of the type area (Valdiya,1969; Mirra, 1969}, limestones

from the Tehri district (Nautiyal and Jain,1965) and Gangolihat Dolomites
(Misra and Valdiya,1961, Valdiya,1969; Dixit,1966). It is noteworthy that
Collenia has also been reported from the Precambrian formations of the
Peninsular India: Lower Cuddapahs(Vaidyanathan 1961; Vishwanathia and
Rajulu,1963), Lower Kaladgis (Vishwanathia,Rajulu,ard Sathyanarayan, 1964;
Raiulu and Gowda,1966,1969) and Bhander limestones - Upper Vindhyans

(Valdiya,1969; Misra,1969).

In the uoper parts of the formation, the rocks are pinkish,massive,
hard and fine grained dololutites with sharpcouchoidil fractures. The dololu-

tites are Sometimes intercalated with purple green slates.

The formation is moderately to high dinping between 40° to 80° SW and W.
Rocks are well jointed, some of which are filled with purple and white calcite

and chert veins. The rocks Wweather to typical elephrnt-skin structure.

The formation is normal in its field occurrence with stromatolitic
laminae pointing downward (Fig,147). It is locally i-werted in the east near
the Dharasu Thrust on left bank of the Dichli Gad wnere the concavity of the
stromatolites points upward. The beds are intricately disturbed (Fig. 3) and
folded into =zig-zag chevron folds with subhorizontal axial planes along the

Dharasu Thrust (Fig.4).
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2,8-4 DUNDA FORMATION

The Dunda Formation comprises approximately 1000 metres thick Sequence
of limestones, slates and micaceous quartzites and is named after the Dunda
village, The rocks are best exposed between milestones 75/4 and 78/0 along
the Uttarkashi road. It trends NW-SE along the Dhanari Gad and Khattukhal
stream* for about 25 km, in the area and extends for another 7 km. in the
adjoining area to Gangani. The formation is folded into the Khattukhal
Anticline and is exposed in the Dunda Window (Chapter 3) as it is found thrust
upon by the Quartzite Formation. The Dunda Thrust limits the formation
in. north while the Singuni- Thrust separates the Dundas from overlying

quartzites in the south,

The Dunda Formation has been subdivided into three stratigraphical
members i.e., Khattukhal Limestone , Dhanari Slate and Dunda Quartzite.
Figure 5 presents lithostratigraphy of a representative section of the for-
mation along the Uttarkashi road.

1. KHATTUKHAL LIMESTONE

The oldest exposed member of the Dunda Formation is seen along the
Dhanari Gad and Khattukhal stream. It comprises bluish grey-black,thinly
bedded,cherty,very fine grained limestonmes(calcilutites). The beds are
0.2 to 40 cm, thick and are marked with thin slate and chert intercalations
in addition to variations in colour and granularity (Fig,133). Chert occurs
as black stringers and sheets of varying thickness from 0.5 to.5 cm, Thin
black slate intercalations are common near contact with the overlying member,
In addition, the limestone is bluish grey,crystalline and crenulated in

the vicinity of the Singuni Thrust (Fig,166),

A peculiar pellitiferous limestone,characterised by dark grey and
black spheroidal and ellipsoidal pellets(0.5 to 6 mm, in diameter) embedded

in a white crystalline groundmass is noticed at place nearly 1.5 km,NE of

* The stream flows through the Khattukhal village.
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Nagla (Fig, 165).

The member 1is conspicuous from a distance due to its brownish
rough weathered surfaces. It is highly fractured, jointed and ramified with

calcite veins, Upon hammering the limestone gives a sulphurous odour.

The Khattukhal Limestone member is exposed into three linear detached
outcrops for about 17 km:

(i) On the left bank of the Dhanari Gad near Singuni - the outcrop
extends for about 4,5 km. between Painkhal and the Uttarkashi road and is
about 1 km, in width. The best exposures are along the road betweer milestones

75/4 and 76/0. The limestones dip 15-70° due NE and SW,

(1i) On right bank of the Khattukhal stream- this exposure is 0.5 km.
wide and extends for about 4.5 km, in a narrow linear cutcrop between

Khattukhal and Ulya. The limestones dip 30-60° in ME and N70°E directions.

(iii) On left bank of the Khurmola Gad between Ulya and Giunoti-
outcrop is about 1,5 km. at its widest expanse and extends in NW-SE for about

8 km. with regional SW dips at 40°,

Generally, the member strikes NW-SE and dips between 15-90° in N to E
and § to W directions. MNevertheless, the northeasterly and southwesterly
dips are more prevalent. The member is exposed in the core of the Khattukhal
Anticline as oldest member of the Dunda Formation and is conformably over-
lain by the Dhanari Slate on its northern limb,. The southern limb of this
anticline is largely concealed beneath the Singuni Thrust so that the over-
lying slates are repeated only along the road. The other outcrops of the
member near Khattukhal and Sartali represent only partially exposed differ-

ent limbs of the Khattukkal Articline (Chapter 3),

2. DHANARI SLATE

The argillaceous sequence of the Dunda Formation has been called as

the Dhanari Slate member and can be easily observed between milestones
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76/0 and 76/6 along the Uttarkashi road. It extends along left bank of the

Dhanari Gad and is well exposed near its confluence with the Bhagirathi river.

The Khattukhal Limestone member is conformably overlain by about 20
metres thick zone of black friable,carbonaceous slates which grade to
overlying purple slates., These are overlain by alternating,fine grained,purple

(Fig.167)
buff, quartzites and purple-grey-black slatesi.The individual quartzite beds
varving from 5 to 20 cm. are comparatively thicker than the slates. Near
milestone 76/1 a 1.5 metre thick buff pyritiferous quartzite bed delineates
these from the succeeding greenish grey quartzites and alternating slates.
These vary in thickness from 1 mm. to 10 cm, The slates and quartzites are
interbedded on a fine scale (Fig. 148) and resemble phyllites of the Dharasu
Formation and Laluri B Member of the Laluri Formation. In upper parts of
sequence, dull yellowish brown-purple-olive green-grey banded slates are
predrminant (Fig.134). These are exceedingly fine grained and devoid of

any quartzitic beds. The banded slates conformably grade to the overlying

Dunda Quartzite member.

The slate member is exposed for about 20 km. in a NW~SE trending
narrow outcrop which bulges to about 1.5 km. across Khattukhal and Dunda.
Between Painkhal and Khattukhal, the slates are exposed on northern limb
of the Khattukhal Anticline and are not repeated on northern limb
of anticline due to its concealment beneath the Singuni Thrust except
a small patch of slates near the milestone 75/3. It conformably overlies the
Khattukhal Limestone member between Painkhal and hill 2228 motres and
narrows c~nsiderably in southeast and northwest,where these abut directly
against the Singuni‘Thrust. The latter brings the overlying Quartzite Forma-

tion of the southern belt immediately in contact with the slates,

The slates dip 35° due N40°E on an average. The dips vary from 25°

to 90° in the N30°W to E and S to S60°W directions. These are locally
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folded into sinuous NW-SE trending symmetrical anticline and syncline on

left bank of the Dhanari Gad, The lower part of the member is tightly appre-
ssed into isoclinal folds (Fig. 148) with axial planes dipping 30-35° NE,

The axes plunge 10-30° in N and NW directions (Map 7). On the other hand,
slates near the Dunda Quartzite member are cleaved to rhombic blocks obliquely

to the bedding planes at 15-45° in N to NE dircctions,

Contact relationship - The contact of the Dhanari Slate with the

underlying Khattukhal Limestone member is characterised by thin alternating
limestones and calc slates in a narrow gradational zone (i) near 1 km, east
of Ulya on right bank of the Khattukhal stream, (ii) Khattukhal, (1ii) in
stream bed below the bridge at mil:stone 76/0 on the Uttarkashi road and

(iv) about 0.5 km, SW of Painkhal.

A small lensoid outcrop of limestone is interbedded with slates 0.5 km.

NW of Khattukbhal and resembles the underlying limestone member,

The Dhanari Slate wmember grades to the overlying Dunda Quartzite,

The contact between two members can be best seen at the following localities:

(1) On the right bank of stream,west of Jakhni village- the vertically
dipping, purple-green,banded,slates on right bank of the stream become arena-

ceous and grade to purple-buff, fine grained quartzites in the stream bed.

(i1) About 1 km. south of Jakhni along the Dunda-Dang mule track- .
purple-buff slates become more arenac-~ous near the contact and imperceptibly

grade to buff-grey,thinly bedded,fine grained quartzites.

(11i) At Dunda village- the purple-green,laminated,arenaceous slates
are interbedded with buff-grey-green,hard quartzites at contact with
overlying Dunda Quartzite.

(iv) On left bank of the Bhagirathi river about 1 km. NN¥W of Odalak-

the greyish green-purple, arenaceous slates are interbedded with 10-15 cm,
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thick dark micaceous quartzitic beds at the contact.

(v) At Odalak - near the contact with the overlying members, greerish

buff-grey slates grade to purple-green,laminated micaceous quartzites,

(vi) About 1.5 km,WNW of Dhanari - the purple- green arenaceous slates

grade to buff micaceous quartzites.

3. DUNDA QUARTZITE

The slates are conformably overlain by predominantly arenaceous Dunda
Quartzite member which is best exposed around Dunda between milestones 76/6
and 77/5 on the Uctarkashi road. As described above, the quartzites grade to
the underlying Dhanari Slate and are overlain by . metabasics of the Dunda

Thrust Zone (Chapter 3),

The lower part of the sequence comprises buff-grey-green,thickly

bedded ,medium grained micaceous quartzites. The individual beds vary from

60 cm, to more thanm 200 cm, in thickness and are well defined by argillaceous
intercalations, colour differences and grain size variations. The quartzites
are argillaceous with numerous lenses of green and brownish,yellow,variegated,
arenaceous slates, These occasionally show normal festoon current bedding
near milestone 77/1, In the upper part of the quartzitic succession, rocks
are buff-grey,thinly bedded (2-15 cm.),hard,fine grained quartzites devoid

of variegated slates.

The member is exposed in a narrow NW-SE trending outcrop from Jakhni
to the east of Paturi for about 15 km, and dips at chout 40° to the northeast
on 'an average. The quartzites show angular discordance with the overlying
metabasics at many localities (Map 7) and are steeply dipping to 60-90° near
this thrust contact. The member is locally folded and inverted near milestone

77/1 along the Uttarkashi road (Fig,153).

In the northwest, the quartzites are overridden by the Dunda Thrust
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near hill 2288 metres so that the metabasics abut directly against the
Dhanari Slate member., In the southeast, the relationships are doubtful due
to difficult terrain, The quartzites are purple-buff,ripple marked and
current bedded on the ridge between two tributaries of the Dhanari Gad
near Paturi, and can be confused with the Quartzite Formation of northern
belt but differ from these by presence of characteristic blue,brown and

green tourmaline (Chapter 6).

2.8-5 - UTTARKASHI FORMATION

The name Uttarkashi Formation has been given for a thick succession of
quartzites,limestones,slates,phyllites and metabasics., The formation is
exposed around the tovn of Uttarkashi and occupies lower elevations of the
Bhagirathi valley between Netala and Nakuri.The axeshaped cutcrop of
formation measures 6.5 km., across strike at its widest expanse and runs for
about 14 km. from Sada to Baun,It extends further northwest to Kutnaur along

the Yamuna river,

The Uttarkashi Formation has been folded into WNW-ESE and NW.SE
trending Netala and Baragadi Anticlines and Kot Syncline. The rocks have been
faulted along the Baragadi and Kot Faults. As can be made out from Map 3, a
thin belt of metabasics,emplaced along the Uttarkachi Thrust,separates this
formation from the overlying Quartzite Formation. The erosion of the later

has exposed the underlyins formation into the Uttarkashi Window (Chapter 3),

Based upon the field, megascopic and microscopic characters, the

Uttarkashi Formation has been subdivided into five members (Fig.6).

(1) NETALA QUARTZITE

The lowest member of the Uttarkashi Formation is exposed on both
banks of the Bh-girathi river between Gangori and Netala. It is predominantly
arenaceous in character and consists of buff-grey-green,thinly bedded

quartzites. The individual beds vary from 10 to 60 cm. in thickness and
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can be made out in the field due to their colour and phyllitic intercalations,
Occasionally, the quartzites are friable near Netala logging section. Generally

it shows a bedding schistosity which is smeared with micaceous minerals,

A number of good exposures can be observed along the Uttarkashi road
betwecen milestones 91/0 and 91/4 and Gangori-Dodhi Tal road near the check-
post barrier. At this locality, the quartzites are slaty with greyish black

phyllitic intercalations,

The quartzites dip 10-40° due N-N4O°E and 20-50° due S-S40°W on
northern and southern limbs of the Netala Anticline respectively. In the NW
and SE near Gangori and Hinna, the member is truncated by the Uttarkashi

Thrust.

2. LOWER UTTARKASHI LIMESTONE

The quartzites are conformably overlain by about 200 metres thick
greyish fawn, friable, slaty limestones which are poorly exposed on steep
slones of the Bhagirathi valley between Gangori and Saror. The limestones
contain many thin buff quartzite and grey phyllite intercalations. Good
exposures are only met with on the left bank of the Bhagirathi river

near Jaror suspension bridge and Iwain.

The limestones dip 30-70° due S40°W and N20°E on limbs of the Netala
Anticline, It is considerably reduced along the -strike due to its possible

lensoid character or concealment beneath the thrust at Saror.

3, POKHRI SLATE

Overlying the limestones are greenish grey-black,friable,laminated
and thinly bedded slates and sheeny phyllites, Occasionally, these are
carbonaceous. The slates resemble (i) greenish grey, laminated slates of the
Dhanari Slate, (ii) Laluri B Member of the Laluri Formation and(iii)phyllites

of the Chandpur Formation,
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Mode of occurrence - The Pokhri Slate is exposed into three MW-SE trend-

ing outcrops varying in length from 3-6 km. due to the folding:

(1) Between Hinna and Naid, the outcrop makes the northern limb of
Netala Anticline with its subsidiary folds. The slates are folded into N60°W-
S60°E trending anticline and syncline and dip 15-70° due N-N 40°E and S-S40°W,
The black slates are highly puckered with axial planes dipping in 40-50° due

NNW while their axes plunge 10-30° in WNW and parallel major fold axes.

Near Hinna the slates are interbedded with buff-green quartz sericite
schists which also develop a strong mica lineation plunging 20-40° due NMNE

i.e., normal to the thrust front and fold axes.

(11) The other slate outcrop also trends NW.SE for about 3 km. between
Gangori and Iwain. The slates are about 250 metres thick. These are buff-grey

and phyllitic in character and dip 20-40° in SW.W direction.

(11i) The southern most exposure between Matli and Sada runs in N60°W -
S60°E direction along the strike. The slates are either exposed in core of
the Baragadli Anticline or are interbedded with the upper limestone member on
its southern limb, Near Dilsod,Pokhri and Kiangaon the slates occur in small
detached outcrops which are truncated by the metabasics (Map 3). The slates
are moderately inclined to $-S50°W and N-N20°E but are steep to 60-90° in

the core of the anticline,

(4) UPPER UTTARKASHI LIMESTONE

It overlies the Pokhri Slate and can easily be Identified from a dist-
ance by its tynical fawn blackish rugged weathered surfaces. Though the member
is comparable to the Lower Uttarkashi Limestone yet it is separated by the
Pokhri Slate member,, It comprises bluish grey and dark greyish black, jointed
fine grained, thinly bedded limestones which are frequently intercalated with

thin (0.5 mm, -2 cm.) greyish black slates and phyllites (Fig,132),
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Mode of occurrence - The member is folded into the Kot Syncline and Baragadi

Anticline and is dislocated along two faults. It is exposed into two outcrops:

(1) In the north, the limestone lies on northern limb of the Kot Syncline
and extedns for about 3 km. between Gangori and Mandon, It is not exposed on
its southern limb due to faulting along the Kot Fault. The limestones are
about 150 metres thick and dip 35° due SW, The outcrop is truncated by

Uttarkashi Thrust in the NW and SE (Map 3).

(1i) The other outcrop is along left banks of the Baragadi Gad and
Bhagirathi river and makes southern limb of the Baragadi Articline. It is
not exposed on its northern limb due to presence of the Baragadi Fault. The
limestone is highly jointed and ramified with small calcite veins. It is highly
folded along the bridlepath near Pokhri but is gently dipping in the river

bed (Fig, 132). The limest~nes dip 20-75° due N60°W to S30°W,

(5) BARETI QUARTZITE

The uppermost Bareti Quartzite member of the Uttarkashi Formation is
predominantly arenaceous with minor occurrences of slates, limestones and
metabasics. The member is folded into the Kot Syncline and faulted nrorth of

Uttarkashi.

The thick quartzite succession overlies the Pokhri Slate on the right
bank of Baragadi Gad and Bhagirathi river between Matli and Sada. The quartzites
are greyish and buff coloured between Baun and Uttarkashi but more purplish,
black and greyish green varieties are prevalent along the Uttarkashi-Lambgaon
road, The bedding is distinctly marked with argillaceous intercalations and
colour variations and varies from 1 mm, to 40 cm, or even more in thickness.
These quartzites are dominantly argiliaceous,slaty and even schistose in

character,

The quartzites are exposed on the northern limb of the Baragadi Anticline

but are not repeated on its southern limb due to faulting along its axis and
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concealment beneath the Uttarkashi Thrust.

The quartzites dip 15-50° due NNV and N3O°E between Bareti and Uttarkashi
but even dip 35° in N8O°E and S60°E along the Uttarkashi-Lambgaon road.
Bedding schistosity is prominent but another foliation is obliquely developed
in the quartzites and dips 25° in N55°E to N85°E, These are sheeny in
character due to preferably oriented mica which form a lineation plunging 10°

due NNE (Chanter 3).

The quartzites are about 250 metres thick near Bareti in the Sialam Gad
section and are well exposed along the Uttarkashi road at milestcne 85/0. These
are considerably thick to about 1000 metres in southeast along the Uttarkashi-

Lambgaon road,

Near c~ntacts with the underlying Pokhri Slate member, the quartzites
are rich in slaty or phyllitic intercalations and grade to 50 metres thick
slate horizon between Matli and Jakanri. These comprise preenish grey-purple,

friable, arenaceous slates and phyllites and dip 30° due N-N30O°E,

The slates grade to about 200 met res thick earthy brown,arenaceous
limestones between Jugaldi and Bareti. The limestones are exposed in a narrow
sinuous outcrop and ninch out near Jakanri. Good exposures can be seen along
the canal between Matli and Bareti. The limestones dip 35° due NNE and N50°E

but attain more easterly dips near Jugaldi.

The metabasics which are associated with the Bareti Qua rtzite member are
mainly exposed on bdth 1limbs of the Kot syncline near Pata and dip 10-30° in
NE and SW directions, At Tekhla, the thin dull greyish green and black
phyllites occurring above the upper limestone member grade to greenish, jointed,
massive and foliated varieties of metabasics. These are occasionally inter-

calated with black phyllites and have appearence of guartzitic rocks,

The flaggy,greyish buff, fine grained micaceous quartzites overlie

metabasics, The flaggy quartzites are nearly 150 metves thick, The rocks are



41

laminated and thinly cleaved along the bedding. These dip gently to N-NNE and
S-S 80°W in the core of the Kot Syncline near Pata and are truncated by

Uttarkashi Thrust in the northwest.

PART - 11 MICROSCOP?IC CHARACTERS

In this part, the microscopic characters of earlier described litho-
stratigraphical units are dealt with while megaScopicfeatures of all rock
types have been described earlier along with the field relations for a'compre-
hensive account., In order to avoid repitions of very common features,

salient microscopnic properties of the rocks are described in these pages.

2.9 LALURI FORMATION

2,9-1 LALURI A MEMBER

(1) Black slates and phyllitic slates - The rocks are exceedingly fine grained

with incipiently oriented fine mica. Many very fine sand size (0.12-0.06 mm.),
angular to subangular quartz grains are embedded in a dark greyish brown
matrix which is made up of brownish pleochroic mica. The matrix recrystallises
to poorly oriented, pale green,fine grained,birefringent sericite flakes along
ill defined foliation in the phyllitic slates and is interspersed with
extremely fine grained magnetite or carbonateous matter. The accessory minerals

are silt size zircon,tourmaline and carbonate rhombs (siderite?),.

(11) AQuartzites - These are medium to coarse grained and predominantly
consist of gngular to subrounded interlocking quartz mosaic(95%). A few
rounded grains show secondary overgrowth in optical continuity,while strong
undulose extinction,subparallel vacuole trains,incipient €longation and intra-
as well as inter-granular granulation along a few fractares are indicative of
dynamic effects, Minor amount of recrystallised sericite (4%) is present in

the interstices. The accessory minerals are rounded zircon and brown tourmaline,

(1i1) Sandstones - These consist of coarse to very fine sand 8ize(0.85-0,065 mm)

subrounded to rounded quartz grains (50.47). Most of the sedimentary textures
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like secondary overgrowth,shape,roundress and cavities in quartz grains are
still preserved. The matrix fills interstices between coarse quartz grains
and comprises incipiently oriented sericite flakes,iron oxide (35.6%)and

finer detrital quartz.

(iv) Limestones - The brownish limestone is rich in minute dolomite rhombs
with a few chert bearing thin calecite veins which replace brownish dolomite.
The black nodular limestone is a mass of fine micritic calcite interspersed

with chert,

2,9-2 LALURI B MEMBER

Phyllitic slates - These comprise alternating greenish sericite and colourless

quartz rich laminae. Quartz clasts (0,18 - 0,06 mm.) are subangular to sub-
rounded and exhibit strong undulose extinction, It coalesces with fine grano-
blastic quartz around margins (mortar texture) and indicate granulation,
Fine sericite flakes are strongly aligned along the laminae and less in
proportion in quartz rich layers, At places, porphyroblastic chlorite crosses
the laminae. In addition, streaks of fine silt size iron ores,rounded zircon

and bluish green tourmaline are also seen along the bedding planes.

2,9-3 LALURT C MEMBER

(1) Gritty quartzites - The gritty quartzites consist of (i) coarse to very

fine sand size.(0.97-0,102 mm,), rounded to subrounded quartz grains, some
of which show well developed secondary overgrowth, solution and pitting effects,
Most of these are marginally granulated and develop mortar texture. The grains
show strong undulose extinction. (ii) Medium to very fine (0,32~0.09 mm, ),
* subangular to angular particles of quartz fill the interstices between coarse

grains. Total quartz is about 88%.

Feldspar occurs in minor amount (17) as subangular grains and is
albite(Anlo) in composition, Sometimes a few rounded phyllite and quartzite

rock fragments are also seen in the matrix., The matrix (11%) is made up of
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strongly oriented sericite and chlorite flakes with fine grained quartz mosaic
which grades into coarse grains thus irdicating their derivation by granulation.
The micaceous flakes sometimes penetrate and replace the detrital quartz. The
accessory minerals are blue and brownish green rounded tourmaline (O,45-

0.086 mm.). These are sometimes fractured and filled with quartz. Secondéry

overgrowth of pale bluish colour is also seen on a few tourmaline grains.

(i1) Pyronle slates - The purple arenaceous slates are comparatively rich in

fine argillaceous contents and are devoid of coarse rounded quartz.

An increase in metamornhic effects from the Laluri A to C 'Ember is
noticeable and is evidenced by strongly oriented matrix,granulation and

fracturing of quartz grains.

2,10 CHANDPUR FORMATION

-

(1) Phyllites - These comprise thin alternating quertz and sericite rich
laminae. Generally the quartzitic layers are thicker being separated from
adjoining sericitic laminae by fine mica rich layers (Fig., 197).No grading
of the quartz is visible even in thin sections. Quartz (837) occurs as fine
sand * to coarse silt size (0.13-0,052 mm. ), angular to subrounded grains,
Many coarse grains are porphyroclastic in character. Generally these are
marginally granulated and exhibit strong unduiose excinction. The finer
quartz in the matrix coalesces with the clasts and appears to be a product

of granulation,

Angular to subrounded plagioclase (37), mainly albite,occurs as
fine sand size grains,sometimes with bent itwin lamellae. Some of the plagio-
clase grains are profoundly sericitised and fractured. The fractures are
filled with polygonal quartz mosaic. Long slender muscovite wasps exhibiting
higher birefringence than sericite are also aligned parallel to the bedding.
¥Fine, strongly oriented, pale greenish sericite and chlorite flakes (13%)

simulate clast boundaries. These also penetrate clastic quartz and feldspar



44

grains along the margins. Generally, micaceous minerals make the bedding

schistosity. A few flakes also lie at about 30° to the main foliation,

Brownish,zoned,prismatic and rounded colourless zircon(0,13-0,02 mm, ),
blue and green tourmaline (0,14-0.026 mm.) are characteristic accessory
minerals.Sometimes a few rounded colourless apatite grains and rhombic

siderite (?) are also met with,

(11) Quartzites - Petrographically, the quartzite beds in the Chandpur Forma-
tion resemble with pritty quartzites of the Laluri C Member described above.

Of significance is bimodal distribution of quartz and occurrence of minor
amount ofpl agioclase and quartzite and phyllite rock fragments in sericite
matrix. Quartz is subrounded to rounded and very coarse to medium sand size
(1,02-0,28 mm.). It is embedded in medium to very fine sand size (0,26-0.065 mm,)
angular to subrounded detrital quartz grains,

2.11 NAGTHAT FORMAT ION

(1) Sericite quartz schists - These are mainly developed along the Basul

Thrust and consist of recrystallised,granoblastic,fine grained quartz mosaic
and strongly oriented sericite,muscovite and chlorite flakes in alternating
pelitic and semipelitic laminae, A few quartz clasts are still observed, The
foliation is defined by strongly oriented micaceous minerals and is disrupted
by a prominent strainslip cleavage (Fig,199), This is more pronounced in
pelitic layers and even terminates against semipelitic layers, In the initial
stages of its development the sigmoidally twisted sericite flakes are noticed
along regularly spaced discrete planes at high angles to the foliation. Some

of the mica flakes also get oriented along newly developed slip cleavage. The
advanced stage of its development is marked with recrystallisation of sericite

along the new planes which ultimately coincide with the foliation.

(i1) Schistose quartzite and quartzites -Quartz (57%) is angular to subrounded,

medium to very fine sand size (0.28 -0,10 mm.) and is mostly flattened along
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TABLE. 3

MODAL ANALYSIS OF SAMPLES FROM LALURI.CHANDPUR-

Sam>le
& No
Member
)8 Laluri A. 6/347
Member
(black sst,
| 2 Laluri A 6/349
! Member(Grey-
! ish buff

quartzite)

3 Laluri C 54115
Member(gritty
quartzite)

4 Nagthat 51137

5 Nagthat 5139

6 Nagthat 5/107

!
‘!
Location: 6/347 -
6/349 -
5/115 -
5/137 -
5/139 -

5/107

Quartz

50.7

95.6

88,5

89.5

40,7

57.0

NAGTHAT FORMATIONS

Faldspar Rock
Fragments
0,08 o
1558 0.60
(1.4 -
dquartzite)
present =

Detrital
mica

Matrix(Juartz
+ sericite,
chlorite

iy 45

10. 5

42.9

30.4

(recrystaBised

quartz)
12.6
(sericite)

Others

35.6 55
Iron oxide
(Zirecon,tourmaline)

0,2-
Iron oxide
0.3-
(Tourmaline)

H.M, present

0.5 km, NW¥ Laluri on Sarot-Chapra road.
Hill 1549 metres 1 km. NW Kansi,.

% km. WSW Laluri.

At Deosari on left bank of Pali Gad.
2,5 km, N,Thature on left bank of Pali Gad.
At Basul,

99,8

92.8

99, 88

160,00

95.7

100,00
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the foliation, A few relict rounded clasts are still observed. The grains are
strongly undulose and cowmposite with profound marginal granulation and appear
to have produced much of the polygonal,granoblastic,fine quartz of the matrix
(Fip.200). Sericite(12%) is abundant in amount and is strongly oriented

along the foliation and sometimes wrap the clastic quartz.

(i1i) Arkoses - The arkoses mainly comorise quartz and feldspar with small
amount of phyllite and quartzite rock fragments in a recrystallised sericite
and chlorite matrix (Fig,198). Quartz (41%) is subangular to subrounded and
coarse to fine sand size (0,61 -0,13 mm.). The grains are moderately undulose

and are marginally replaced by sericitic grouddmass,

Feldspar,mainly albite and potash feldspar (about 15%) is subangular to
subrounded,cloudy and sericitised. Some of the albite grains are broken and
microfractured with bent cleavages. Sometimes these fractures are filled
with quartz, The phyllite and quartzite rock fragments (about 5%) are
subrounded to rounded in shape. The matrix is com>'etely recrystallised to

a preferably oriented felt like mass of sericite and chlorite.

The accessory minerals in arenaceous rocks of the Nagthat Formation
include (i) zoned,prismatic and rounded colourless to brown zircon (0.110-
0,065 mm.), (ii) green,brown,blue,rounded tourmaline (0.10-0.065 mm.) and

(ii1) iron oxide.

(iv) Schistose phyllites - These resemble phyllites of the Chandpur Formation

except that the micaceous minerals are more strongly oriented in the former.

Table 3 summarises modal analysis of a few representative samples from

Laluri,Chandpur and Nagthat Formations.,

2,12 DHARASU FORMATION

(i) Slates - These are generally confined to the base of the formation near

Silkyara and comprise inciniently oriented fine grained,brownish micaceous



S.No. Sample

™D

5/78
Af192
L1286

5174

5/63
A7288

A/198

TABLE <&

]
MODAL ANALYSIS OF ARGILLACEQUS QJUARTZITES FROM DHARSU FORMATION
No, uartz Feldspar Rock fragment Detrital mica

66,9
38.8

77,

3

6.3
0,92

1.6

1.6
1.5
1.4

0.09
0.6
0.4

Matrix (quartzt Others Total
sericitetchlorite)

25.4
S
68,2

32.0

26.5
57.3

19.6

Location: 5/78 1 km, ZUE Ngla on Sarot-Chapra road.
il A/192 - Sampur.
A/286 - 1 km. NE Dharasu,at milestone 3/0 on Dharasus Rarkot ro-d.
5/74 - 0,75 km, ENE Kansi on Sarot-Chapra road.
5/63 - 1.6 km, SSE Jastwari on Dharasu-Bangaon
A/288 - 1 km.NNE Dharasu,at milestone 3/1 on Dharasu-Barkot road.
4/198 - Palonj near milestone 68/2 on Uttarkashi road.

mule track.

2.4 99,78

{
145 99,9 |
0.20% 99.9 |
1, 5%* |
1.0 99.4 |
(H.M.)
(H.M.) 99,9
gy 100.0
(H.M.)
0.3 100.0
(H.M.)
* Calcite

%% HM,- heavy minerals
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minerals (sericite and chlorite), subangular to subrounded silt size quartz

and a few fine grained albite (Ans).

Rari
In immediaste contacts with Mmetabasics at J these slates exhibit occasjion-

al development of a few colourless skeletal and randomly oriented muscovite
porphyroblasts indicative of minor contact metamorphic effects (Fig,211). The
poikilobiastic muscovite shows numerous quartz inclusions., The preferably
oriented sericite groundmass is occasionally displaced due to porphyroblastic
growth, The accessory minerals are rounded,fine magnetite arranged in streaks

along the bedding,apatite,zircon and tourmaline.

(1i) Phyllites - The rocks comprise alternating phyllitic and quartzose fine
laminae with varying oroportion of quartz,feldspar,musocivte,sericite and
chlorite (Fig.214). It resembles phyllites of the Laluri B Member. .
Sometimes the micaceous minerals recrystallise to linear,very coarse muscovite
flakes(Fig.213). Minor amount of xenoblastic calcite is also secen in a few

sections.

(1ii) Argillaceous quartzites - (Table 4)

(a) Grey-preen argillaceous qugrtzites - These milnly comprise quartz

in abundant sericite and chlorite groundmass, Quartz (25 -78%) is angular to
subrounded, medium sand to coarse silt size (0,39 to 0.028 mm.). Many grains
are stretched along the foliation and show semicomposite and composite undu-
lose extinction. The grain margins are generally penetrated by micaceous

groundmass and granulated,while in a few cases grains are fractured.

Feldspar (1 to 6%) is albite (An6) and untwinned potash feldspar and
occurs as colourless,turbid,subangular to subrounded grains varying in size
from 0,10 to 0.04 mm, In some thin sections,greyish slate and quartzite rock
fragments (about 17) have also been noticed as subangular to subrounded

grains, Colourless long muscovite (0.5%) wasps are seen aligned parallel

to the bedding,
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The matrix (20 -68%) comprises strongly oriented,sericite-chlorite

flakes and includes much of the granoblastic quartz, It even predominates

over the detrital fraction,in that case, the latter appears 'to float' in

the groundmass (Fig,215). Sericite is generally more common than chlorite

and has even advanced along plagioclase twin lamallae and discrete fractures
in quartz. The micaceous minerals are strongly oriented along bedding planes
and wrap the clasts, In a few thin sections, the matrix is also oriented along
planes which are inclined at about 30° to the main bedding foliation, Minor
amount of xenoblastic calcite is present in some sections. The noteworthy

accessory mineral is fine euhedral magnetie along the bedding.

(b) Purple laminated and massive argillaceous quartzites - In general,

though all characters of the earlier variety are present in these quartzites,
the following features are i{mportant in the purple laminated quartzites:

(i) absence of euhedral magnetite crystals,instead, the laminated varieties
are tynified by clusters of cherry red hematite (0,15-0,50 mm.) which alter-
nate wWith sericite-chlorite-quartz rich laminae, (ii) the hematite laminae
are generally displaced by slaty cleavages which are marked with iron oxide
coating and sericite flakes at 40-50° to the main bedding schistosity
(Fig.216) and.(iii)the laminae exhibit'microfaulting and microdragging in

some cases,

In the purnle massive argillaceous quartzites,cuartz is less deformed and
is subrounded to subangular with hematite coating (Fip,212),The finely

divided hematite pigment 1s uniformly distributed in the matrix.

The accessory heavy minerals in these argillaceous quartzites include:
(1) rare colourless,subrounded to rounded, silt size apatite,(ii) subangular
to subrounded pink,green,blue and brown tourmaline (0,20 to 0.026 mm,),
(iii) rounded to well rounded,colourless and brown zircon(0.143-0,026 mm, ),
(iv) angular to subrounded,colourless to straw yellow,p leochroic epidote
in some grey green quartzites and (v) detrital rounded magnetite.



TABLE.S5

MODAL ANALYSIS OF UARTZITES FRCM THE RUARTZITE

FORMAT ICN
;S.No. Sam:le Mo, uartz Matrix Heavy minerals Total
e O e e R o S e *
| 3 5/256 * 96.5 6.3 present 100.0 :
2 A/122 89.3 10.5 0.14 99,94 '
| 3 6413 98,8 1.1 . 99,9 |
4 as160 90,9 5.90 3.9 100.0 i
5 5/166 98,6 1.38 - 29,98 §
6 5/144 91.0 5.2 . 97,2 ;
= 5/161 96,6 2.3 - 99.9 E
| 8 6/366 99.9 - - 99.9 {
5 9 5/253 97.2 LY A 99,9 i
10 A/119 98.4 1.6 . : 100.0 1

* 0,27 quartzite rock fragments,

Location: 5/256 - Jogat.
/122 - Milestone 78/0 on Uttarkashi road
6/413 - 1.5 km, SE Mason.
A/160 - 2 km,7SE Malli on right bank of Dichli Gad.
5/166 - 2 km,E Foeld on Uttarkashi -Lambgaon road.
5/144 - 0,5 km. N Tambgaon on Uttarkashi-Lambgaon road,
5/161 - L km, NE Chaurikhal on Uttark~shi-Lamnbgaon road.
6/366 - 2 km, SSE Chaurikhal on Uttarkashi-tambgaon road.
5{253 ~ 1 km. 5 Bichli on Chinyali Jogart mule track,
A/119 - 0,5 km., N Ranari near milestone 80/1 on Uttarkashi road.

T Al L L6

MODAL AMALYSIS OF INTRACLASTIC DOLOMITES
FROM DICHLI DOLOMITE

ES.No. Sample No, Intraclasts Oolites Tuartz uartz  Sparry Total

§ (sand size) (Silt Cement

% size)

| PN 0 A SR T e TR SR M i

(% 6144 9.3 L 30.6 137 e 99,8
2 A/390 21.9 0.4 17.0 17.8 42 .6 99,7

Location: 6/44,-A/390 - 1,5 km, ESE Malli, near contact with ‘uartzite Formation
on right bank of Dichli Gad,
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2,13 BANGAON LIMESTONE

Typically the limestone is made up of incipiently oriented, fine calcite
grains arranged in irregular,colourless and greyish alternating laminae.
Minor amount of detrital angular quartz varying in cize from 0,06 to 0.03 mm,
is also distributed throughout the rock along with flaky sericite-chlorite

and pyrite crystals,

Along the Bangaon Thrust, the limestone comprises coarse,recrystallised,
granoblastic calcite with numerous unidehtifiable inclusions.The clacitic

mass is interspersed with a few silt size quartz grains,

2,14 GARHWAL GROUP

2,14-1 QJUARTZITE FORMATION

The Quartzite Formation is overwhelmingly arenaceous in character and
generally comprises more than 90% quartz with very minor amount of sericite

and chlorite (less than 57%) (Table 5 ),

The accessory minerals observed in thin sections of the Nuartzite Forma-

tion are apatite,zircon,tourmaline,pyrite and other opaque minerals (Chapter 6).

(1) Ferruginous quartzites - The rocks consist of detrital quartz in a finely

distributed hematite and chlorite matrix., The quartz grains (75-90%) are well
rounded to subrounded and vary in size from coarse sand to coarse silt
(1.01-0,052 mm.). The medium sand eize grains are 53,67 and fine sandsize 33.6%.
These show bimodal distribution. Many finer quartz grains lie in interstices

of the coarser quartz.

Generally, the quartz grains show straight extinction though many are
fecebly undulose,semicomposite and composite in character, The grains are
generally devoid of inclusions but a few of the coarser ones have randomly
oriented pale green’ rutile needles,liquid vacuoles and prismatic green

tourmaline microlites (Fig.202).The coarser grains also show a higher degree
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of roundness with pitted and frosted concave surfaces due to (i) solution at
the grain contacts and (ii) replacement of detrital quartz grains by hematite,
chlorite,sericite,interstitial silica cement,quartz secondary overgrowths and
pressure solution (Fig,202), Sometimes one or two rounded quartzite fragments

are also seen in slide no,5/256,

In a few cases,secondary overgrowth lie in optical continuity on
quartz grains and is more frequently developed upon coarser grains. Worn secon-
dary overgroWwths are also very rarely visible and are marked with liquid vacuo-

les (Fig,202), These indicate multicycling of the grains,

Hematite occurs as thin film over the detrial grains whereas chlorite
fills the interstices and sometimes replaces hematite coating. Rarely silica

cement(not in optical continuity) also f£ill the interstices.

(11) Quartzites - Though exhibiting many of sedimentary characters described
above, quartzites also show metamorphic effects, The rock is generally free from
iron oxide coating,chemically deposited silica and chlorite. Like the earlier
type,quartz(90-1007%) is bimodal in which the coarser quartz (2,21-0,39 mm.) is
rounded to well rounded, The finer grains (0,26 - 0.09 mm,) are subangular to
subrounded and fill interstices or sometimes form distinct laminae (Figz,201),
Most quartz grains are strained and exhibit moderate to strong undulose extin-
ction,semicomposite and composite character, deformed lamellae and marginal
granulation, Most of the quartz grains are not dimensionally obliterated though
are interlocked with each other(mortar texture) (Fig. 203), The matrix (3%)

is mostly interpenetrative,fine granoblastic quartz developed mainly due to
granulation., Sericite and chlorite flakes occur as thin films which sometime:

penetrate the grains,

(1ii) Schistose sericite quartzites - Though there is no clear demarcation from

main quartzites, this variety can be distinguished in the field by conspicuous

micaceous sgheen and also indicates higher degree of metamorphism,
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In thin sections, the quartz grains are mostly elongated and lie parallel
to the foliation. The grains are strongly undulose with composite extinction,
These are intensely granulated along margins and are also fragmented along a
few discrete planes hich are marked with fine pranoblastic quartz (Fig,204),
Mostly coarser grains survive crushing and at places even secondary over-
growths are also preserved. The fine matrix is incisiently oriented quartz
which seem to have been derived from the main detrital grains by the process
of granulation., Minor percentage of flaky sericite and chlorite also lie along

the foliation planes,

(iv) Quartz schists - Near the thrust contacts, the pure quartzites are highly

schistose in character. The detrital quartz still survives intense granulation
and occurs as a few rounded coarse relict clasts but most of the grains are
extremely deformed,flattened and lie parallel to the foliation{Fig.205), The
dimensional orientation is as much as 1:50. Generally, the elongated grains are
extremely frapmented showing different optic orientations and marginal granu-
lation, Occasionally some discrete conjugate planes,marked with granulated
quartz, traverse the foliation at an acute angle., Strongly oriented,colouriess

to pale green sericite and chlorite flakes make foliation more promiment.

2,14-2 DICHLI DOLOMITE

(1) Intraclastic dolomites - These differ markedly from the algal dolomites and

dololuties and are characterised by terrigenous quartz,intraclasts and oolites
in coarse dolomite matrix, Table 6 .presents modal analysis of some represcn-

tative samples of the intraclastic dolomite.

Quartz - It is an important constituent in low-r parts of the dolomite
sequence (28-437) and decreases in algal varieties. Genera'ly, quartz occurs
as subangular to well rounded grains in two size grades (F1g.206): (i) Coarse

sand size grains (0,81 -0.2 mm.,) are subrounded to rounded and vary from
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17 to 307, A few grains exhibit secondary overgrowth which can be distinguished
from the core by drop like liquid inclusions, At margins the condary over-
growth 1s replaced by sparry matrix(Fig,206).The overgrowth is generally
common over grains in sparry matrix but is absent from those embedded in micri-

tic intraclasts,

(11) The finer quartz grains 0,15-0,039 mm.) are subrounded to subangular and

devoid of any secondary errgrowths.

Oolites - The following different types have been recognised 1in thin
sections: (i) Single ring radial growth over quartz nucleus (Fig,210),
(1i) Single ring.radial grovth over rounded intraclastic micrité nucleus
(Fig.209), (i41) Single ring radial growth over micrite intraclasts with
angular quartz (Fig.210), (iv) Many rings of radial prowth (as many as 6)
without any nucleus (Fig,210). (v) Single ring radial growth over an intra-
clast of oolite in any combination of the earlier types (Fig.209)
(vi) In addition, oolitic growth has alsc been rarely noted on intraclasts
made up of two components (a) an inner oolitic growth over (iii) variety and
(b) an outer shell of intraclasts containing the oolitic growth of(1),(i1) &
(1ii) varieties with rounded to angular quartz embedded in sparry cement

matrix.

Intraclasts - These are generally spheroidal, ellipsoidal or elongated and
rarely irregular in shape. These are subangular to well rounded carbonate
fragments (dolomite) with size ranging upto 2 cm. in diameter. Generally
the intraclasts are made up of greyish dark and exceedingly fine grained
micrite (Fig,208), which, at places,recrystallises to colourless microspar.

At times,faint laminat bns are also noticed in the intraclasts. In many of
these are embedded angular to well rounded, coarse sand to silt size(0.81-

0.039 mm,) quartz, Along margins the intraclasts are invariably hazy and
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recrystallise to microspar.

Chert - It is exceedingly fine grained and occurs along contacts with
al’ochemical constituents., Occasionally it contains numerous dolomite clots
and grades to a coarser polygonal mosaic in the interstices due to replacement

and cavity filling.

Matrix - Generally, the matrix comprises colourless,silt size dolomitic
sparry cement in the interstices between the allochems(¥igs208,209 & 210),
May a times the penetrationofsparry dolomite in detrital quartz,secondary

overgrowth (Fip,206) and tourmaline indicates replacement,

Accessory minerals - The accessory minerals include prismatic and colour-

less zircon and brown,blue,green,rounded tourmaline.

(11) Algal dolomites -These are fine grained and comprise about 1 mm, thick

greyish pink ,micrite and colourless alternating microspar laminae. Occasionally
a few thin fine grained chert sheets are concordant with micrite laminae

becoming coarser in the centre, The micritic dolomite sometimes recrystallises
to colourless,coarse, patches. Miror amount of limonite coated,euhedral

pyrite 1is s»aringly distributed.

(iii)Dololutitesand calc slates-The dololutitees exhibit alternating micrite

and microspar laminae which,at places,recrystallise to colourless,coarse
spar. A few ecattered angular,silt size quartz grains are alsg present in
tes
dolutites. ""hen intercalated with slates,dololuti- show colourless,alternating
microspar and purplish sericite rich laminae which are finely impregnated with

hematite,

2.14-3 DUNDA FORMATION

(1) KHATTUKHAL LIMZSTONE . The limestone consists of alternating greyish

micrite and colourless microspar lamirae(about 0.5 mm. thick). The texture

is granular with fine grained calcite (0,17 to 0.02 mm,).In the cherty
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limestones,the chert bands are defined by dark grey,finely impregnated pyrite
or carbonaceous material(Fig,217) and comdrise calcite rhombs in microcrysta-

lline chert groundmass which revblaces rhombs along the margins and cleavages.

Near the Singuni Thrust,the slaty limestone is crystalline and exhibits
fine,preferably oriented calcite., At places it mrecrystallises to colourless
patchy,coarse calcite. A few scattered.angular silt size quartz and small

sericite flakes are noteworthy.

The pellitiferous limestone from Nagla is crystalline with greyish,
coarse calcite mosaic marked with dusty black inclusions which also define
the ellipsoidal pellets (Fig,218). These are embedded in colourless,coarse
caleite and finme cherty groundmass. Here,it may be added that samples collected
by Jalote (personal communication) of the pellitiferous limestones from
Deoban Limestone of the type area resemble megasconically and microsconically

with this variety of the Khattukhal Limestone.

(2) DHANARI SLATE

Purnle arenaceous slates - Generally the rock shows purple,alternating

pelitic and semipelitic laminae varyinp in thickness from 0.5 to 2 mm. The
preferably oriented pale greenish sericite-chlorite flakes predominate
in the pelitic layers while angular to subrounded,medium sand to silt size
(0.20-0,026 mm,) quartz is embedded in a purple hematite groumdmass.The
pelitic layers are disrunted by strain-slip cleavage. At places,the semipeli-
tic layers are also deformed to "»inch and swells". The sericite flakes
recrystallise along this cleavage which is normal to bedding near apex but
near

is subparallel to laminae/limbs of microfolds, Minor amount of disseminated

hematite imparts a purple colour to the slates,

Banded slates - These are exceedingly fine grained rocks with incipi-

ently oriented pale preenish sericite and chlorite felt mass, which is only

rarely intercalated with quartz rich semipelitic layers. The elonrated



T ABLE = 7

MODAL ANALYSIS OF GUARTZITES FROM THE DUNDA JUARTZITE (DUNDA FORMATICN)

S.No, Sample No, Quartz Rock fragments Feldspar Matrix  Detrital mica  Accessory
Minerals

1 6/489 83:13 1.3 - 13.58 - 1.51

2 6/486 80.3 0.1 0.25 18.7 - 0.3

3 6/484 - 64.5 2.6 0.1 3355 - 0.2

4 6/478 89.4 123 1.3 7.7 0.1 present
5 6/475 50.4 0,03 20 46.8 C.4 present
6 6/182 56.6 - 0.6 38,5 2.3 present

Location: 6/489 - Milestone 76/2 on Uttarkashi road.
6/486 = Near Dunda at milestone 75/5 on Uttarkashi road.
6/484 -~ South of Dunda.
6/478 - 0.5 km,ESE Dunda,at milestone 77/2 along Uttarkashi road.
6/475 - 0.5 km, SE Painkhal.
6/182 - 1 km. NNW Odalak, at contact with Dhanari Slate on left bank of Bhagirathi river.
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muscovite wasps parallel the bedding " in some thin sections, Minor amount of
iron stained carbonate rhombs(? siderite) are also present., Discrete iron
coated fracture cleavage is observed in the pelitic layers at 30-60° to

bedding and discontinue at contact with semipelitic laminae,

The accessory minerals are very fine grained subrounded zircon and

tourmaline,

(3) DUNDA QUARTZITE

Table 7 presents modal analysis of a few representative sam>les from

the Dunda Quartzite,

(1) Quartzites- These quartzites are minor in occurrence and are quartz rich
( 897%), with minor amount of rock frapgments (1,3%) in a silica and sericite
matrix (7,7%).

Though resembling microsconically with arenaceous rocks of the Quartzite
Formation,these also comprise a few rounded quartzite,chert and phyllite rock

fragments and rarely abraded secondary overgrowths in some thin sections.

The matrix is made up of recrystallised and incipiently oriented pale green
sericite with minor amount of chemically precipitated silica. The heavy mineral
fraction compriseshematite,brown and green rounded tourmaline (0.16 -0.078 mn, )

and colourless and brown rounded zircon (0,078 - 0-052 mm. ).

(i1) Micaceous quartzites - The lower part of the Dunda Quartzite member

chiefly comprizg; angular to subangular,medium sand to fine silt(0,14-0.026 mm)
size quartZ(SowL; which exhibits strone undulossextinction. The grains are
elongated and exhibit " prefound marginal granulation. In addition,many
cloudy subangular,fine sandsize feldspar ( 1 %) orthoclase,microcline and
albite(An6) are also noteworthy. The feldspars * are highly sericitised along

cleavages and twin planes. The detrital fraction is embedded in strongly

oriented matrix(13-467)of sericite,muscovite and chlorite with minor amount
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of fine quartz. The micaceous minerals penetrate clast and replace these along

margins,

The accessory minerals are euhedral pyrite cubes; colourless and brown,
prismatic and rounded zircon (0,.15-0,013 mm.) and green,brown,blue, subrounded

tourmaline(0,16-0,026 mm, )which are somctimes arranced in streaks.

(1i1) Arenaceous slates -Petrogranphically,the arenaceous slate lenses resemble

micaceous quartzites except that these contain a higher amount of sericite

and chlorite.

2,14-4 UTTARKASHI FORMATION

(1) NETALA QUARTZITE - The quartzites are fine grained and are made up of

strongly oriented sericite,chlorite and muscovite flakes in predominantly
granoblastic and recrystallised quartzitic groundmass, Like the Quartzite

Formation these lack feldspars,detrital mica and rock fragments,

In black nhyllites,the pelitic laminae are rich in finesand size(0s10-
0.04 mm,) quartz while semipelitic laminae comprise medium sand to coarse silt

8ize (0.28-0.06 mm.) quartz grains with varying amount of sericite and muscovite.

The accessory minerals are rounded, brownish and colourless zircon
(0,065 - 0.026 mm,) with a few grains of broken and rounded blue,brown and

green tourmaline(0,10-0,04 mm,).

(2) LOWER TTTARKASHI LIMESTONE - The limestone is made up of greyish,turbid,
medium grained,recrystallised,interlockinge and preferably oriented calcite
(0,35-0,22 mn.) along poorly developed foliation, Minor amount of chert f£ill
the interstices between calcite,.A few scattered sericite and chlorite flakes
are also found along the foliation,

(3) POKHRI SLATE - The slates are almost pure argillites and are characterised

by strongly oriented sericite and muscovite flakes along the foliation, The

micaceous minerals are finely impregnated with brownish carbonaceous material,
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Occasionally these show semipelitic laminae with subrounded detrital quartz

(0,14-0,05mm, ) .The identifiable accessory minerals are zircon and tourmaline.

The quartz sericite schists comdrise fine nematoblastic sericite and
chlorite flakes in a fine grained granoblastic quartz mosaic without any

relict detrital grain.

(4) UPPER UTTARKASHI LIMESTONE - The pure varieties of the limestones comprise

(i) fine grained (0.08-0,03 mm,) preferably oriented greyish interlocking grains
along incipiently developed foliation(Fig,219) and (ii) coarse,colourless,
granoblastic patches of recrystallised calcite. Minor amount of sericite is

oriented along i1l defined foliations,

(5) BARETI QUARTZITE

(1) Schistose feldsnathic quartzites - The rocks mainly comprise detrital

quartz and minor amount of feldspars in a recrystallised groundmass of serici-

te,chlorite and auartz,

The detrital quartz occurs asA(i) subangular to subrounded grains varying
in size from 0,17 to 0,05 mm., and (ii) a few well rounded coarse grains (O,65-
0.45 mm,) embedded in the finer detrital grains. The rounded grains occasionally
shoWw normal and abraded secnndar& overgrowths with undulose extinction. A
few grains of feldspar (0.13-0.065 mm.),orthoclase and albite(An,), are
randomly distributed (¥ig,220) and never. exceed 5% in the rock. A few slender
muscovite wasps lie parallel to the bedding. The matrix is made up of sericite
and chlorite flakes with granoblastic,fine grained quartz. The latter coalesces

with the detrital grains and ap»ear to tave been evolved by granulation.

The accessories are euhedral pyrite; apatite; brown,green,blue and
colourless tourmaline(0,14-0,052 mm.) and brown,colourless,prismatic and rounded

zircon (0114-0,028 mm,).

(1i) Flaggy quartzites - These comprise scattered rounded. to: subrounded,medium
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sand to silt size(0,18 -0,06 mm.) quartz with a few turbid orthoclase and
albite(AnA) grains, The detrital grains are embedded in strongly oriented

matrix of sericite,muscovite and granoblastic quartz,

(111) Slates and phyllites -Microscopically these are very similar to the

Pokhri Slate(p,55 ) and contain many silt size(0,078 - 0,052 mm, Jangular quartz

grains in a sericite rich matrix.

(1v) Arenaceous and argillaceous limestones - The rocks largely comprise

subangular to subrounded,medium sand to silt size(0.28 - 0,032 mm, ) quartz
and oreferably oriented sericite flakes in granoblastic clacite groundmass,
Some of the quartz grains are strongly undulose and are marginally renlaced

by calcite,

In argillaceous limestones,sericite flakes are preferably oriented with
minor amount of angular,silt size quartz in distinct laminae which alternate
with microspar calcite laminae. Minor amount of chert is also present. The

accessory minerals are euhedral nyrite,zircon and rounded brown tourmaline.

(v) Metahasics - In thin sections,the metabasics are fine grained rocks
comprising essentially fibrous hormblende and chlorite with minor amount of
biotite,enidote,calcite and quartz. The accessory minerals are ilmenite,
sphene and apatite. The petrographic characters rescmble other metabasics

and have been described in Chapter 5.



STRUCTURE AND TECTONIGCS

— i —— — . — — —t — =

s | INTRODUCT TON

The present area is ideally suitable for the structural and strati-
graphical studies across a sectioﬁ of:the Lesser Himalaya in Garhwal since -
it incorporates the Deoban-Te jam Zone and northern parts of the Simla Krol
Belt. The geological setting of the area has already been described in
Chapter 2, In the present chapter, the important structural features e.g.
folds, faults and thrusts hévé been established as a result of the detailed
geological mapping, In order to decipher the relations between thrusting
and folding of the rocks, a mart of the region around Uttarkashi has been

structurally analysed with the help of contour diagrams,

The structuralgnd tectonic setup of the present area is illustrated
with many geologicél sections and is compared with the Shali-Chakrata-
Pithoragarh regions, Parts of the Bhagirathi,Yamuna, Alaknanda and
Mandakani river sections have also been traversed for a better understanding

of the regional structure,

3.2 MAJOR STRUCTURAL FEATURES

The major structural features in the area have been shown in Map 4

3.2-1 FOLDS
Like any other region in the Himalaya,the area has been

subjected to complicated folding, Generally the folds are symmetrical or
asymmetrical with NW.SE axes which can be traced nearly upto 20 km, In some
cases, the axes of the folds are sinuous, It is noteworthy that a few folds
are truncated by the thrust faults. The folds are described from south to

north according to the formations,
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(1) Folds in Laluri-Chandpur-Napgthat-Dharasu Formations

The geometry of the folds in these formations has been worked out with
the heln of 1633 observations on the bedding planes. Accordingly the ocutcrop
of these formations has been divided into 11 sectors and the poles to‘

Table 8
bedding planes(el) have been contoured on a Schmidt =qual area net (Man ,8 ,/)

(1) Deosari Syncline - In the southwestern regi.n, the Nagthat Formation

makes non:nlunging syncline which is named as the Deosari Syncline, Lying on

the southern slopes of the Gorpha Dhar, the axis passes through Deosari and

Bhal and trends N 125° N 305° (Sector 5), The syncline is slightly asymme~

trical towards the northeast with 30° §35°/ and 20° N35°E dipping northern
of

and southern limbs respectively( Fig. 11). In core /eyncline, the formation

gently dips to 10 - 15° in NE and SW,

The Laluri and Chandpur Formations make the norchern limb of the Deosari
Syncline but the former is missing on its southern limb due to presence
of the Aplar Thrust. Along left bank of the Aglar Nadi, the southwesterly
dipoing Chandpur Formation indicates the possibility of a concealed anticline

beneath the Nagthat Formation (Fig,52)

(11) Nagon Anticline - The southernmost of the fcur large scale folds

in the Dharasu Formation is the Nagon Anticline in immediate vicinity

of the Tons Thrust. The anticline passes through Chapra, Nala,Kansi and

Laluri for about 10 km. along right bank of the Nagon Gad. The axis of this
anticline is truncated by thé Tons Thrust near Kansi and scems to be concealed

beneath the thrust near Bheti.

The S1 diagram in sector 4 indicates that the anticline is an upright

symmetrical structure with 30° 338°W and 30° N58°E dipping southern and

: (Fig,10)
northern limbs respectively and plunpges 6° N138°/ . 1t is characterised by

many small asymmetrical folds marked with fan shaped axial plane cleavages

in varying directions between 35-85° N14°E to S34°E (Fig. 149),
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(111) Daski Syncline - The Dharasu Formation has been folded into a wide

Daski Syncline which runs for at least 20 km. along | scuthwestern slopes

of the ridge between the Khurmola and Daski Gadsin NW -SE and NNW-SSE
directions, The syncline plunges 40° N305° .In the northwest, it'is symmetrical
with its 1limbs dioping 60° in the N and WNV(7:gs,7,17)(Sectors 1 and 11).

The southwestern limb dips steeply near Bangaon(TFig.7) than in sectors

2 and 3 near Jastwari and Katkhet (Tigs. 8 & 9).Regionally, this Limb dips
gently than the northeastern limb which averages 67° in sector 9, 40° in

sectors 10 and 60° 1{n sector 11 1in a WSW direction (Figs.15,16 &17).

The synciine 1s asymmetrical towards northeast along the Bhagirathi
river between Dharasu and Bheti due to the steepening of rocks to 60-80°
on -the northeasterﬁ limb. Near Bheti, the syncline appears to die out due
to concealment of the southwestern limb beneath the Tons Thrust, since

furthertowards southeast only the northeastern limb is exposed.

(iv) Malli Anticline - Running closely parallel and en-echelon to the

Daski Syncline is the Malli Anticlinewith its steep southWastern and gently
dipping nortﬁeastern limbs, The axis of the anticline runs for atleast 14 km.

and trends from N 15°W -S 150E to N ,-SE, It plunges 10° N158° in sector 6(Fig.12)
~and trends more northerly in sector 8(Fig, 14)Z?Uttarkashi road., In this

éector, the anticline plunges 40° N335° and thus appears to be a doubly
plunging structure.It is asymmetrical towards the northeast. The axis of

this anticline runs along the left bark of the Bhagirathi river which flows

in a sinuous course and cuts an anticlinal valley from Chunyali to Chham.

(v) Bharkot Syncline - A smaller Bharkot Syncline lies between the

Malli Anticline and Dharasu Thrust near Rauntal,It trends N1O°W . SIQ°E

with a northwesterly plunge, The rocks are steeply dinping to 50-60° on 1its

northeastern limb, The structure is asymmetrical towvards the northeast and

is cut off by the Dharasu Thrust in . southeast at Malli,
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(2) Folds in Garhwal Group

In the type area of Uttarkashi, the Garhwal Group rocks are exposed into
a broad anticlinal structure(Map 4), . The axis of this anticline passes
through Baun-Uttarkashi-Sada running for 2C km,nesr Baragadi Anticline.On
the northern limb of this anticline, the Quartzite Formation dips 20 -50°
towards northeast between Hinna and Sainj and is cverlain by the Central
Crystalline Zone along the Main Central Thrust. The southern limb of this
anticline mainly exposes southwesterly dipﬁing quartzites of the southern

belt which din at 40-70° beneath the Dharasu Formation.

(1) Khattukhal Anticline - The Dunda Formation is exposed into a ma jor

anticline which is partly concealed beneath the Dunda and Singuni Thrusts on
its northern and southern limbg respectively, The axis of this Khattukhal
Aﬁticlino runs along the left bank of the Dhanari Gad where the oldest
Khattukhal Limestone member is ixposed in its core, The NW.SE trending

s

anticline appears to die out or/concealed beneath thie Singuni Thrust near

Painkhal,

The anticline is symmetrical with 30-350 dippiag limbs butturns asymme-
trical towards the north along the Uttarkashi road where the limestones are

dipping steeply on its southern limb (Map. 7).

The other members of the Dunda Formation are cut off by the Singuni
Thrust on the southern limb of this anticline except a small patch of the
Dhanari Slate along the road near milestone 75/3 “Map 7)., The axis 1is
truncated by the thrust 1 km. south of Khattukhal, The narrow northeasterly
dipning limestones on the right bank of the Khattukhal stream(p,32) repre-
sent only a part of the northern 1imb while the southern limb is not exposed
since it appears to be concealed beneath the Singuni Thrust (Fig. 59 ),Never-
theless, the wide limestone outcrop overlying the Dharasu Formation between
Dang-Shyalna-Giunoti(also noted by Auden,1938) dins regionally in the south-

west, This outcrop possibly represents the southern limb of the Khattukhal
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Anticline and is separated from the northerr limb due to the Singuni Thrust
between hill 2288 metres and Giunoti (Fig. 59).

Running close to the Khattukhal Anticline are two smaller fold axes
in the Dhanarl Slate member along the Dhanari Gad, The folds are symmetrical

in character and are confined only to the slates.

(11) Baragadi Anticline- The Uttarkashi and Quartzite Formations have

been brdadly folded along three NU-SE trending axes around the town of
Uttarkashi, the southernmost of these folds is the Baragadi Anticline.
Running along the Baragadi Gad and Bhagirathi river for about 10 km.the
axis 1s sinuous in N 75° W .S 75°E and NW.SE directions. Between Sada and
Uttarkashi, the anticline is symmetrical with 30-40° dips in N-NE and S-SW
directions on the limbs but it tarns gsymmetrical

towards northeast near Pokhri due to steepening of southorn 1limb

where the rocks dip 60-70° in the south,

In the southeast, the Baragadi Anticline runs across the thrust zone of
the metabasics and the overlying Quartzite Formation near Sada. In the ncr th-
ed
West between Malti end Baun the anticline is conceal” beneath the southwester -

ly dipning metabasics while the Uttarkashi Formation is ex»osed on its

northern limb betweer Dilsod and Jugaldi.

(111) Kot Syncline- North of the Baragadi Anticline is a symmetrical

WNW-ESE trending Kot Syncline which exposes the flaggy quartzites and
metabasic rock units of the Rareti Quartzite member in its cofe. The syncline
plunges towards southeast with gentle dipping limbs tc 10-30° in NE

and SW, it runs for atleast &4 km in the Uttarkashi Formetion., Locally the
syncline appears to be recumbent in character near Kot where the rocks

dip 12-40° NNE at . higher points and 20-30°. W3W 3t lower elevations.
‘The sinuous thrust zone with metabasics and overlying Quartzite Formation
outcrops bétween Manpur-Saror in the southeast and Gangori-Jugaldi in the

northwest also appear to have been broadly flexured along the Kot Syncline,

1



(iv)Netala Anticline - Another mappable fold in the Uttarkashi Formation is

the Netala Anticline with its WNW-ESE axis.It can be studied between Hinna
and Gangorl along the Bhagirathi river. From Gangori the axis curves northward
and can be traced along the Kaldi Gad. This anticline is symmetrical with

20 -50° N= NE and S-SW dipping limbs and exposes the oldest Netala Quartzite
member of the Quartzite Formation in its core. The overlying metabasics and

Quartzite Formation are also folded along this axis.

* (v) Other Folds - Besides the above mentioned large scale folds, the thrust
zone of metabasics around Uttarkashi is characterised by many small noses and
closures, which afe generally dissected by streams flowing along the fold
axes, These are marked with the apposite dipping foliatiorn planes at . about
20° in the NW .SE agnd E-W directions in the metabasics (Map3 ). Near Giunla,
the metabasics are folded in an arcuate anticline.The thick ned metabasic
exposure 1S possibly due to the overturning of the thrust zone towards the
northeast ,while the up»mer contact of these metabasics dips to the southwest

at about 30-40° (Fig. 58,5, ).

Another large scale NW-SE trending anticline in the metabasics and
overlying Quartzite Formation lies between Sankrona and Chaurikhal where
thrust zone is considerably thickened. The anticline appears to be asymmetrical
towards the northeast and is characterised by northeasterly dippoing strain-

slip cleavage(p.77) at 30-50°,

Besides this, a NVI.SE trending - syncline also lies between Foeld and

Dhanpur exposing the metabasic zone on its limbs.

3.2 -2 FAULTS

(1) Baragadi Fault - The area is relatively free from small or large

scale faults hence only a few faults could be established in the field. The
notable of these faults is the Baragadi Fault along axis of the Baragadi

Anticline, Here, the Upner Uttarkashi Limestone member which is exposed
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on southern limb of the anticline is not repeated on its northern limb. The
fault runs be;Ween Dilsod and Sada for about 8 km. along the Baragadi Gad
and Bhagirathi river which are characterised by a typical wide U- shaped
valley,

(2) Kot Fault - It lies north of Uttarkashi Wwhere the Upper Uttarkashi
Limestone member at Tekhla is not repeated -t southern limb of the Kot
Syncline. The fault runs along the contact of quartzites and metgka-
sics(Bareti Quartzite member)., The downthrow along the Baragadi and Xot Faults
has caused the absence of the Upner Uttarkashi Limestone exnosure in .
region between these faults(Fig, 58). The 4 km, lonp Kot Fault also displa-

ces the metabasic thrust zone by about 0.5 km.near hill 2 133 metres(Map 3).

(3) Shyalna Fault- The Dharasu Formation is serarated from overlying
Khattukhal.Limestone by Shyalna Fault which runs for about 9 km. with a
sinuous NW-SE and E-W trend between Dang and Giunoti. It is evidenced by
considerable flowage of limestone along the contact which is characterised
by infrafolia recumbent folds along the bedding oslanes. On the Darasu-Rarkot
road between milestones 13/0 and 14/0, the Dharasu Tormation dips gently
(15-20°) in the NE while the overlying limestones are dipping vértically or
at very high angles in the NT and ENE (Fig.133), The steep limestone escarp-
ment along left bank of the Khurmola Gad also imdicates presence of this
fault.

3.2.3 THRUSTS

In the afea, the most important structural features are a number of
thrust faults which have complicated the stratigraphical relationships
because these thrusts delimit formation boundariez. In these pages the
thrusts have been discussed from south to north.

(1) Aglar Thrust - In the southwestern corner of the area, the phyllites

of the Chandpur Formation are exposed for about 6 km. along the left bank of
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the Aglar Nadi. The rocks dip 15-60° dué £ = S30°W between Thaturu and Bhawan
Devi whereas the overlying Nagthat Formation dips at 20-60° due N 20-50°FE on
the right bank of the nadi (Fips.52 & 53), - Such an unusual relationship
between the two formations'can be gxplained only by a dislocation plane,
ﬁereafter called as the Aglar Trrust which has been previous ly mapped as a
fault aloﬁg the nadi by Auden(1934 a). The following evidences favour the

presence of the thrust:

(1) Opposite dipping Chandpur and Nagthat Formations along two banks of
the Apglar Nadi,
(11) biscordance of about 15° in the strike of the Chandour and Nagthat
Formations along the Aglar, ' -,
(111) A U-shaped valley of the Aglar Madi - a characteristic feature of some

of streams along the dislocation planes in the region,

The Aglar Thrust rums in the WNW . ESE direction for at least 6 km,

along stream course which 1s controlled by this thrust.

(2) Basul Thrust - Along northern slopes of the Gorpha Dhar, the base

of the Naéthat Formation is marked with an approxXimately 50 metres wide
crushed zone of extremely powdered,friable and highly cataclastically deformed
quartz schists (Fig, 199), This is in sharp contrast with less metamor-
phésed phyllites of the Chandpur Formation which lies against this crushed
zone of the Nagthats. Thes- cataclastic effects can be observed even at

800 metres in the direction of dip along the Dhanaulti road where quarte
zites still display a schistosity, The following features strongly indicate
the presence of the thrust:

(1) An abrupt increase in the metamorphic effects in the Nagthat Formation.
(11) The presance of an extremely friable and powderzd crushed zone at
contact between the Nagthat and Chandpur Formation.

(111) An abrupt lithological change from phyllites of the Chandpur

Formation towell bedded quartzites of the Nagthat Formation.
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The above characters are well marked along base of the Nagthat Formation
at Basu!,Kot and at a olace 2,5 km. souttwest of Laluri. Map 3 and
synoptic  S; (Poles to the bedding planes)diagram drawn for the Nagthat
Chandpur and Laluri Formations(Fig,1l, Sector 5) revealsthat these dip 30°
due S 35°%W on an avevage and do ‘not show any angular discordance between them,
Therefore, iﬁ is evident that the Basul Thrust is essentially a bedding thrust
and dios approximately 30° S40°W, 1t trends N 50°W -S 50°E between Basul ard

Andhiari for about 10 km,

The strike continuity and similarity in the phenomenon of increased
cataclastic effects at Kaudia where the Nagthats are more metamorphosed to
quartz schists(cf,, Auden,1934 b) indicate its possible extension for another

13 km, at least upto this locality,

(3) Tons Thrust - Auden (1934b,1938) extended the Tons Thrust from
Sarog to Sindhol and Khand on the northern flank of the Krol Nappe. The present
mapping indicatesthat the Tons Thrust extends further from Khand to Kandi 4n
southeast and does not terminate against any other fault or thrust as interpre-
ted by Auden(1949), To sum up, the Tons Thrust can be mapped from Sarog to
¥andi for about 50 km, in WNW-ESE direction and is an important structural

feature in the Garhwsl Himalaya.

The Tons Thrust is well exposed along right banks of the Nagon Gad
and Bhagirathi river at Chapra,Kiari,Laluri,Khand and Kandi,It separates
uniformly SW dipoing Laluri Formation from the Dharasu Formation, On the
basis of the field studies and geological map of the area (Map 3), the ~

following evidences support the continuation of the Tons Thrusti

(1) Truncation of the Nagon Anticliral axis between Nala and Kansi.
(11) Concealment or truncation of the southwestern limbs of the Daski

Syncline and the Nagon Anticline near Bheti by the Tons Thrust (Fig. 54),
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(111) Non-tepetition ofthe Laluri Formation on the northern limb of the Nagon

Anticline (Figs.52 to 55),

(1;)OccurrenCe of the friable, crushed and splintery slates of the Laluri
A Member near the thrust zone,

(v} Variation .in the strike directions of the Laluri and the Dharasu For-
mations -the Laluri Formation strikes M 55°W -5 55°E while the Dharasu Forma-
tion trends N 32°W -S 32°E in the immediate vicinity of the thrust. TheﬁS1
diagrams for the two formations indicate a difference of 23° between

strikes Map 5, °~ sectors 4 and 5, Figs, 10 & 11),

(vi) Juxtaposition of two contrasting lithological associations along the
thrust i.e., the black slates of the Laluri Formation and purple argilla-

ceous quartzites of the Dharasu Formation,

(4) Bangaon Thrust - In the western parts of the mapped area, the contact

of the Dharasu Formation with the overlying Bangaon Limestone also appears to
be a thrust contact. Though it has been observed in a2 small area around Bangaon
yet it appears to extend westward along the Yamuna river as a fault

(Dhoundial and Ali, 1967)., This has been named as the Bangaon Thrust(Jain and
Mithal-1968). In general, the thrust makes an arcuate disposition from NW-SE
to WSW-ENE with northerly dips at about 45°, The following evidences are

indicative of the presence of the Bangaon Thrust:

(i) A change in the regional N 40°W - S 40°E an¢ N 60°W-.S 60°E strike
of the Dharasu Formation in sectors 2 and 3 respectively to E-W in sector 1

near the thrust zone( Map 5, Figs. 7 to 9),

(11) Presence 6f WSW.ENE trending cross folds parallel to the thrust front

in a narrow zone of the Dharasu Formation near Pujargaon.

(1i1) Development of 5 to 14 metres thick zone of recrystallised limestone

along the contact near Bangaon.
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(iv) An increase in preferred orientation of carbonate mincrals in
the .Bangaon Limestone near the thrust plane. Away from the thrust zone,
limest.ones do not show any orientation of minerals,

(v) Truncation of the Daski Syncline axis near the hill 2716 metres

in northwest.

(vi) Angular discordance of dips near the thrust plane - a¢ pleaces the
Bangaon Limestone dips vertically along the road near Bangaon while
underlying Dharasu Formation at 40°-50° due NNE,

(5) Dharasu Thrust - The southwestern boundary of the Garhwal Group

rocks is demarcated by a major dislocation in this region and is designated
as tﬁe Dharasu Thrust after the village Dharasu. It is characterised by a
sinuous course in NV.SE, N-S. and NNE-SSW between Khalsi and the hill

2208 metres but trends NNW_SSE between Soman and Giunoti. On a regiomal scale,
it dios towards west and southwest. The following field observations support
the thrust:

(1) Develooment of highly disturbed and deformed zone in the Dichli
Dolomite along the thrust between Malli and Khalsi (Fig. 3 ). The zone is
marked with zigzag, NNW 5lunging chevron folds(Fig. 4 ).

(11) Truncation of the Bharkot Syncline axis near Malli (Map &),
(11i) Abutment of gently dip>ing (NE and ENE)Dharasu Formation against
the highly dinping (60°-80°, westerly and southwesterly)Dichli Dolomite

between Malli and Chham (Map 3, Fig. 55).

(iv) An abrupt chanpe of the lithological association - the Quartzite
Formation comprising white,buff,pure quartzites and Dichli Dolomite
(stable shelf association) lie in contact with the greyish green laminated
argillaceous quartzites and phyllites(unstable shelf association)for a consi-
derably distance along the contact (Chapter 8 ),

(v) Development of friable schistose phyllites and argillaceous

quartzites indicating a higher degree of metamorphism of the Dharasu Formation
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near the thrust,

(vi) Impersistent occurrences of metabasics along the thrust at Ulya and
Soman> a characteristic feature of many thrust zones in the Garhwal and Kumaon
region, . |

The Dharasu Thrust extends in the northlwest to Gangani along the Yamuna
river and separates metabasics and the Dharasu Forma *.n from the underlying
Dunda Formation (Map,11), This has resulted in ninching out of dull green
slates of the Tharasu Formation in the northwest, The Dharasu Thrust also
conceals the Quartzite Formation of the southern beli: and Singuni Thrust,
Further in northwest, closure of the Garhwal Group outcrop around 3anchangaon

(cf,,Auden, 1949) imolies possible concealmentof the Dharasu Thrust beneath

Main Central Thrust,

The Dharasu Thrust is considered here synonymous with the Nalupani Fault
of Dhoundial and Ali(1967)and the 'major tectonic unit' of Auden (1938).
According to Auden (Map 10, this unit passes from Ciunoti (in the present
area) to 30° 24':78°32' pear Pirhi Hil1,30°14': 78°40' near Srinagar across
the Alaknanda river to Tilkannikhal where it bounds tues Dudatoli crystalline
mass towardsnorth (Auden, 1937, 1949; Dutta and Kumar,1963,1968),.From this it
is likely that the Dharasu Thrust merges with the North Almora Thrust of Heim
and Gansser (1939) in Almora and the Lidhiya Thrust of Valdiya (1962) in

Pithoragarh regions,

(6) Singuni Thrust - The Quartzite Formation of the southern belt is thrust

over the underlying Dunda Formetion along a NW.SE and NNW-SSE trending and
'southerly dipping dislocation plane - the Singuni Thrust. The following field
relations are ncteworthy {Map 6):

(1) Truncation of the Dhanari Slate member on *“he southwestern limb of
the Khattuﬁhal Anticline between Bagyalgaon and Khattukhal except for a small

patch of the slates at milestone 75/4 along “he Uttariiashi road .
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(i1) Truncation of the Khattukhal Anficline axis in the northwest near
Khattukhal village.
(1i1) Concealment of the Khattukhal Limestone member-on the southwestern
1imb of the anticline between Khattukhal and Ulya. Further northwest, the

thrust also cuts the northeastern limb(Fig, 59,5g- S7).

(1v) Discordant relationships of the southern Quartzite Formation
belt withunderlying members of the Dunda Formation at the following locali-
ties (Map 3):
(a) Locality 30°45' 50" : 78°17' 40" about 1,75 km. NE of Giunmoti -friable
drab green and purple Dhanari Clate member dips 20°E and is overlain by
southwesterly dipping schistose sericite quartzites of the RQuartzite Forma-
tion, Simiiar relations have also been noted at locality 30°40' :78°17'52"

1,25 km, north of Sartali (Fig.59 , S12- S514).

(b) 0,75 km. east of Ulya - the overlying southwestetly dipping schistose
quartzites (Quartzite Formation)are in contact with the easterly dipping
Khattukhal Limestone, Further north and also near Khattukhal, the same field"
relations have been observed where the quartzites dip 30-50° due S57°W

(Fi ™ i, .
g 59,88 Sll)

(¢) About 3 km southeast of Paturi- the metamorphosed sericite quartz schists
dipping 20° to S40°W, overlie the N-S and NNE =SSW trending Dunda Quartzite

member,

(v) Incipient development of preferred:orientation of calcite grains

in the Khattukhal Limestone near the thrust plane.

(vi) Development of deformed, crenulated and slaty Khattukhal Limestones

at milestone 75/3 along the Uttarkashi road and near Dang (Fig.160),

(vii) Occurrence of highly metamorphosed at least upto garnet zone) and
cataclastically deformed augen mylonites(refer Chapter 4) over low grade

metamorphosed(chlorite zone)Dunda Formation between Khattukhal and Bagyalgaon,
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(viii) Higher degree of metamorphosed schistose quartzites and quartz
schists of the Quartzite Formation over slates and limestones of the
Dunda Formation,

(1x) An increase of metamorphic effects in the Juartzite Formation

near the thrust e.g.,along the Singuni-Margaon mule track(Chapter 4).

The Singuni Thrust parallel Dharasu Thrust for a considerable
distance and possibly coalesces with it in the northwest beyond latitude

30°48', In the southwest it is marked with highly deformed quartz schists

along the Uttarkashi-Lambgaon road at 30°34':78°30' and steps over the Dunda

Thrust,

(7) Dunda Thrust - Limiting the Quartzite Formation outcrop of

northern belt in the southwest, the Dunda Thrust 1is conspicuous by about
100-800 metres thick metabasic rocks., The thrust zcne is defined by the
northeasterly dipping metabasics which separate the southweswterly and
highly dipping Quartzite Formation from the Dunda Formation. The followi ng

important and noteworthy field characters support tle thrust plane(Map 7).

(1) Continuous occurrence of metabasic rocksalong tie structurally discordant
formation boundaries - a characteristié ferture of mony thrusts in

Garhwal and Kumaon regions. On a regional scale, while the overlying Quartzite
Formation dins towardssouthwest, the Dunda Formation generally dips in

northeest.

(11) Relatively steep dips of the underlying Dunda Formation in comparison

to metabasic rocks and can be noted at the following localities:

(a) On the left bank of a small stream, 0,3 km, west of Jakhni (Map 7,82)-
the metabasics are well foliated to 20° due NE on the left bank of the stream,
Below the thrust contact, the Dunda Quartzite member dips 33° dueN25°E but
the same bed steepens at lower altitudes to 65° 45°E, Within 200 metres
from the contact, the quartzites are vertically dipping with N 30°W-S 30°E

strike
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(b) About 1 km, SE of the previous locality along the same stream -
metabasics directly overlie the Dhanari Slate and conceal the Dunda Quartzire.
At about 200 metres above the. Uttarkashi road, the quartzites dip 70° NE

while the metabasics at 20° N12°W,

(c) At milestone 75/5 along the Uttarkashi rcad - the contact is distinctly
abnormal, Here metabasics dip at 25° N30°W while the underlying Dunda Quartzite
is folded with a dip of 60 -70° N85°W and S 80°E near the contact. Further
south, along the road, the quartzites are even imverted tQWgrds the north and

twisted (Fig.153).

(d) At Odalak - The metabasics dip at 40° NG5°E while the Dunda Quartzite

member is relatively steeply dipping(Map 7,34)

(¢) 0,5 km, east of Koti - the underlying quartzites dip at 75° S while

metabasics are gently inclined to 45° N30°E,

(111) Opposite dipoing metabasics and the overlying Quartzite Formation.-
" on a regional scale,the metabasics dip in the northeast while the Quartzite
Formation in the southwest, The following localities are important for

distinct field relations:

(a) At the ridge crossing between Shyalna-Kunsi mule track - the metabasics
are foliated in the 20° NE direction but overlyirg quartzite dip 30° 580°W

near the contact (Fig, 59,513)-

(b) At Jakhni - the metabasics dip 30° N20°E whereas the Quartzite Formation
is inclined at 60 - 70° S50°W (Map 7, 82)'
(¢) Near Bhinoti - the quartzites dip 50° S30°W and overlie the well foliated

metabasics which gently dip towards northeast (Map 7).

(d) At Koti - the basic rocks dio 40° N30°E but the gvartzites are either

e

vertical with N 30°W.S30°E strike or dip 70-80° to the southwest (Fig, 59,81_2

The northeasterly dip of the metabasics undoubtedly indicates regional
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inclination of the Dunda Thrust., The thrust extends in the northwest and

crosses the Yamuna river at a point about 3 km, NE of Gangani where north-
easterly dipning metabasics possibly extend beneath the SW inclined Quaftzite

: Forﬁatinn (Map 11), The thrust passes th?ough the hill 2288 mz=tres, Jakhni,
Dunda, Odalak,Koti and ccelesces with Singuni Thrust in the southeast possibly

near Dingaon, It extends for atleast 35 km,

(8) Uttarkashi Thrust - Like the southern Quartzite Formation belt,

quartzites of the northern belt are thrust upon the Uttarkashi Formation along
the NW-SE trending Uttarkashi Thrust which is also conspicuous by the occurrence
of metabasics albng the thrust zone. The following field characters support

the presence of this thrust:

(i)'Truncation of the lithological boundaries by the metabasic zone- as is
evident from the geological map(Map 3),these truncated contacts are best
observed at 2 km, M of Pata,Gangori villaze,along the Uttarkashi - Dodhi Tal
road, Hinna Mandon,and Sada where the thrust zone runs obliquely to

different members of the Uttarkashi Formation,

(11) Discordant relations of metabasic zone with the underlying
Uttarkashi Formation - in the field, the metabasic zone is discordant with
rocks of the Uttarkashi Formation at Pokhri and Dilsod where the Upper Uttar-

kashi Limestone member is found steeply dipping and plicated (Figs., 52 & 57-85).

(1i1) Occurrence of girdle shaped metabasic outcrops along formation contacts.
The metabasics truncate many of the structural trends in the Uttarkashi Formation

at many small closures(Map 3),

(iv) Discordant relations of the metabasic zone with the overlying Quartzite
Formation at the following localities:
(a) Near milestone 81/1 along the Uttarkashi road - the upper contact df
metabasic zone with quartzites runs almost N-S while these dip 35°SY and

652 §30°'7 regpettively(Map 3).
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(b) 1 km. south of Bdreti along left bank of the Bhagirathi river -
metabasics are well foliated at low angles to 30° S40°W whereas overlying
quartzites din 65° S (Fig, 58- Sg_-). Here the contact is also marked with

nearly 100 metres wide intensely crushed zone in the quartzites,

(¢) At Sankrona ridge along the Uttarkashi - Lambgaon road - similar angular
relations are observed Where the Quartzite Formation dips at relatively
higher angle to 30 -60° (Fig,38 - 82). Also at the contact, quartzites

occur as stretched lenmses within the metabasics (Fig.138).

(d) At a place nearly 1.5 km, north of Foeld on the road - the metabasics
dip 15 -20 ° NE whereas the overlying quartzites are dipping at 50 «70° in
same direction (Fig.58-S;). Further in the southeast along the road,
quartzites maintain their northeasterly inclination at 40-50° while

metabasics are dipping 30-40° in NW direction near the contact (Map 8).

(v) An increase in metamorphic effects along the thrust contacts - the
quartzites are strongly schistose and develop white sericite mica along
foliations with a prominentylinoation all along the thrust contact between
Sada,Dhanpur ,Sankrona and Chaurikhal (7ig,161)In the Uttarkashi and Quarfzite
Formations these effects are more prominent where the metabasic zones is

elther absent or thinly developed e.g. at Hinna, Naid,

In the north, the Uttarkashi Thrust dips at 30° -40° towardsNE between
Naid and Hinna but is sinuous further in the northwest and southeast, In
northwest , it passes through Gangori and hill 2153 metres with a general
NE-SW trend but attains the usual NW-SE strike further in the northwest near
Jugaldi, Taking a sharp turn near Hinna, the thrust crosses the Uttarkashi
road at longitude 78° 30' and trends almost NNW.SSE between 1Iwain and
Manpur, After a sharp turn at Dhanpur and Sarkrona, the zone trends NW-SE

further southeast,
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In the south, the Uttérkashi Thrust dips soutbkvest at about 20-30° on
an average between Sada and Dilsod but like the northern trace, it
dips towards northeast between Matli and Baun, thus indicating an overturn-
ing in the NE (Fig.58-S7_8). From a look at the map (Mgp 4) it is evident
that the Uttarkashi Thrust is folded into a symmetrical anticlinal,domal
shaped structure with subordinate warpings and fold closures. Both traces
of the thrust are 7 km. apart across the strike near Uttarkashi but narrow

to only 1 km, in the northwest between Matli and Baun,

The Uttarkashi Thrust crosses the Yamuna river at Puiarééon and 1is
characterised by similar anticlinal structure as alcong the Bhagirathi river
(Map 11), The lower trace of the thrust zone forms a closure near Sada
but upser margin of the thrust zone extends further southeast at least upto
Chaurikhal, The entire length of the lower trace of thrust zone is about

25 km, and that of the Upper trace 32 km,

3.3 MINOR STRUCTURES AND THETR ANALYSIS

- 3,3.1 INTRODUATICH

The minor structures in the various rock types have been studied
fromsouthern and southeastern region around Uttarkashi, This particular
reglion has been selected because of good developmert of the minor structures
along the Uttarkashi road upto Bareti and Uttarkashi -Lambgaon road section

upto Chaurikhal,

The various nlanar and linear structural clements like the bedding planes,
foliations and lipeations have been critically studied and mapped in the |
field. In the following pages, an attempt is made to decipher their behaviour
from different zones on the basis of the structural methods as described

by Turner and Weiss (1963).

In general, the selected area comprises cf the following three tectonic

zones(also refer pp. 94-97):
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(1) An autochthonous zone of the Uttarkashi Formation which is exposed
in a window, In the defined limit of the selected avea, the uppermost Bareti
Quartzite member is folded into the Baragndi Anticline and is faulted along

its crest,

(ii) Uttarkashi Thrust zone with the metabasics.
(11i) The allochthonous Quartzite Formation of “he northern belt which
has been thrust over the Uttarkashi Formation along the Uttarkashi Thrust,
marked with the metabasics. The quartzites are folded along NW-SE axes and

occurrs into detached outcrops due to erosion,

3.3-2 3TRUCTURAL, ELE ENTS

(1) Planar Structures - In the area, the threz main planar structures

. (8 planes) are bedding planes (S;),foliation or schistosity (82) and
strain-slip cleavage(s3).The rocks are better jointod in the allochthon but
the systematic joint analysis could be carried out.only at a few localities
where the accessibility is easy in this zone,

(1) Bedding nlanes (Sl) - The primary lithclogical anad compositional layering

formed during the deposition of the sedimerts i8 decignated as bedding planes
(Sl)' In the autochthonous zone,it isadefihed by alternating pelitic and
semipelitic layers,colour and grain size varietiors. The regional strike of
S, is NW.SE but varies to NE-SW and N 75° E-375°W in the autochthon near
Dobha. The dip is 35° on an average.

Whilebsl is absent in the thrust zones, it is poorly developed in
quartzites of the allochthon and is marked with faint colour and grain size

variations, The bedding dins both in the NE and SW in this zone,

(11) Foliation (schistosity) (SZ)- The most promincat secondary plarar

structure in all the zones 1is the foliation(SQ). In the autochthon~us zcne,it 1is
defined by preferably oriented quartz grains and sericite-muscovite flakes,

It dips 35° due N 60°E on an average. In the metabasics of the thrust zone,
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it is characterised by preferably oriented chlorite flakes (Fig,232 ) and
prismatic hornblende along the foliation and dips both in the NE and SW dire-
ctions at about 30°, In the allochthon, it displays good lustrous surfaces due

to the strongly oriented sericite(Fig, 161) with 30° NEand SW dips,

(111) Strain-slip cleavage (S3) - 1t 1is perceptible only in the metabasics and

is considered here as Sy+ It is defined by (i) closely spaced discontinuous

fine slip planes (%ig,18 ), (i1) axial plane cleavage of the slip (Figs.170 & 172)
and minor asymmetrical folds on S, (Fig, 19).In thin sections, the sharp
flexuring of the earlier S, Planes has rotated flaky chlorite along the newly
developed planes of recrystallisation (Fig,232), S, dips consistently 30° due
N30°E on an average, ‘

: Though the strain-slin cleavage 1s generally defined by refolding of
an earlier cleavage or schistosity on a small Sedlld It iy generally shear
fractures which have been referred by various names e.g.,false cleavage and
herringbone Structure(Badgley, 1965, p.284). Similar structures have also been
called as crenulatisn cleavage (Rickard,1962) and microlithons(De Sitter,1956).
Turner and Weiss(1963) described these new slip surfaces as follows:" The
surfaces of slips 1.e.,strain-slip cleavages are not discrete fractures but
rather laminar domains of intense strains,The domainr may become foci of
syntectonic or post-tectonic recrystallisationAof mica so that ultimately the
strain-slip cleavage evolves into a foliation", However, Badgley(op.cit.,p,285)
maintains that in certain cases these aré certainly discrete fractures with

minor slip movements along the planes,

(1v) Joints - The systematic joint study could only be carried out in the allo-
chthonous Quartzite Formation between Foeld and Dhanpur on both limbs of
a syncline,

The joints in the quartzites are sharp anrd straight but a few major joints

extend for about 20 metres. These are open and g2ping due to tension,
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22
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e E———

. Northern limb
of syncline in
quartzites
(Dhanpur)

Southern limb
of the syncline
(Foeld)

SW dipping quart-
zites (milestones
7372 -74/4)

No.of poles

69

9T

140

Contour values

(%)

1.5-2-4-6-7

0.3-1-2-3-4

0'7-2-4-5"6

Maxima
2 lunge

529

60°
12°

38°

3earing

N58°

N&4g”
N130°

N50°0
N210°

Strike and dip of average joint planes
corresponding to maxima

Strike Amount of dip dip direction
N148~-N328"” 38° N238°
N138°-N31g" 30" N228g*
N4Q” -N220° 78 N310°
N140°-N320° 529 N230°
N120°-N300° 50° N30°
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The 7"—'dia‘c;r.ams of the joint planes show one or two maxima with many
submaxima arranged in a circular gifdle(Figs.Zgiﬁ. In relation to the bedding,
these are strike, dip, oblique and bedding joints (Fig.23 ). Due to absence
of the conjugate pairs, these does not appear to be related to the fold geo-
metry,

In 'comparison to the joint pattern with the.southern Quartzite Forma-
tion belt the systematic joint ahalysis along the Uttarkashi road between
milestones 73/2 and 74/4 reveals only dip, strike and bedding joints
(Fipe,22 & 24 ), The NE dipning strike iJoints are invariably polished and

slickensided indicating shearing along the planes, Table 9 summarises the

orientation of the joint planes,

(2) Linear structures - The significant linear structures are as

follows -

(1) Mineral lineation on S, (L;) -This is marked by diﬁensional elongation
of quartz and sericite mica along 52 planes 1in autochthonous and alloch-
thonous zones(Figs,16i?i).L1 is continuous throughcut the rock and is pene-
trative in comparison to the superficia} slickensides on joint planes,
Mica lineationsvéry in intensity depending upon the nearness to the thrust
_zone, competency of rocks and other local conditions, It plunges towards NE
at low angles (O -30°) in the autochthon and NE and SW between 0-70° in

allochthonous zone, L, is normal to the major fold axes and thrust front

thus dppear to be 'a' lineation in the direction of tectonic transport.
T P

(11) Slickensides and groovings (L2) - These are generally confired to

joint planes of the rocks £from allochthon and autochthon.The field rela-
tions with other planar and linear structures show that the L2 plunges
opposite to S;, S, and L,. At places,it is not differentiable from L, due

to overlapping,though in general, it appears to have formed later than Ll'
The L, pPlunges 5-60° NZ and SW and generally trends normal to the thrust

zone and fold axes in the 'a' direction.
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(1i1) Microcorrugation or minor puckers(L3) - These are confined to meta-

basics of the thrust zone. The Ly is generally formed by (1) corrugation of
the Sy surfaces due to minor slip movements along the S3 planes (Figs,25,171
&173). (it) silieca roddings and minor fold axes on 82 surfaces (Fig,26), It

generally plunges in NW at low angles (0-40°).

3.3-3 STRUCTURAL ANALYSIS

The decipher behaviour of the different structural elements described
above in the tectonic zones (p.76), 758 planar and 270 linear data,collected
mainly along the road sections are plotted on 3,25 cm =1 km. scale (2"=1 mile)
map with suitable symbols (Map 8). The three zones have been subdivided into
12 sectors (Map 9). The selective diagrams have been prepared on the Schmidt
equal area net to determine the degree of structural homogeneity of the region,
The structural geometry has been discussed separately for each zone with the
help of the synoptic Sy» w‘Sz, T S3, Ll’LZ and L3 diagrams (Tables 1C,10A
&11), As will be noted, the emphasis has been laid onq pole diagrams since
it has been found that B -diagr~ms are unreliable in areas of inhomogeneous fo

folding (Ramsay,1964),

(1) Autochthonous 2one- The three sectors of the autochthonous zone

incorporate the northern limb of the Baragadl Anticline along right banks of
the Bhagirathi river and Baragadi Gad and comprise uppermost Bareti Juartzite

member of the Uttarkashi PFormation,

Sector 1 - It covers the Uttarkashi road section betwee Bareti and

Uttarkashi and includes thickly bedded micaceous quartzites,

The ™S, diagram(Fig,27) shows a well defined maximum(25%) in south,The
The bedding »lanes 8, strike E-W and dip 20°N. On the other hand, the S,
diagram (Fig,28) with two maxima (24%) in the southwestern quadrant shows
an incomple-te elongated girdle. The S, planes strike N304° and N3350 and

dip 55° and 48° respectively towards NE, Though S1 strikes parallel
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to the trend of the Baragadi Anticline fold axis in this sector §, is

inclined at about 45° to it but parallels the NW.SE thrust front in the region,

Sector 2 - It incorporates a part of the Uttarkashi-Lambgaon road between
Uttarkashi and Dobha and consists of thinly alternating quartzites,slates and

phyllites of the Bareti Quartzite member,

The 8, diagram (Fig.29 )shows a single max{mum(177%) with an incomplete
girdle; The 84 planes dip 34° N84°, Unlike the sector 1, the strike of 31
planes is oblique to the NW-SE trending anticlihalaxis in this sector by

" about 40° and can possibly be related to the N-S thrust zone near sector

In the 1732 diagram (Fig,30 ), the 82 planes dip 30° N90°, Like the
31 foliation also parallels the Uttarkashi Thrust zone in this sector, The
prominent mica lineation Ly Plunges 0-25° in N to N45° on the foliation planes
and shows a maximum(32%) which plunges 8° N23°,The slickensides and groovings
L2 ‘plunge both in NE and SY at low angles possibiy representing minor
interplanar slip movements along the shear planes (Fig. 30),It is significant
to note that L; and L, are oriented normally to the regional NW-SE Uttarkashi

Thrust in the 'a' direction of tectonic transport.

Sector 3 - It mainly 4includes the Uttarkashi-Lambgaon road section between
Dobha and Sada and is made up of phyllites and micaceous quartzites, The
diagram(Fig.31 )shows a maximum (20%) in the southwestern quadrant, The 75
planes strike N135°-N315° and dip 40° N45°, Th¢1r52'diagram (Fig,31 ):includes
prominent maximum(247) and two submaxima (167) in the south western quadrant,

The S, planes dip 28° N90°.

In this sector L, lineation plunges at 5-25° N340°-N45° with a concen-
traction in NNE direction, normal to the fold axes along ‘'a' direction
of movement,

Synoptic characters of the autochthonous zone - The synoptic vsl diagram

(Fig.33 )for these sectors shows a well defined maximum(117) in the south-

western quadrant ° with an incomplete girdle. The S1 planes strike

a2 w e F a
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N16ge .N348° and dip 40° N78°.The synoptic S, diagram(Fig, 34 )gives a well
defined maximum(16%) and a submaximum(127) in the southwestern quadrant and
form an incomplete girdle. Accordingly,the S, Planes dip 23° N85° and 40° .

N46° respectively,

The synoptic L1 diagram (Fig,35) shows a maximum (36%) which plunges

10° N22°,

From the comparative. r study of the selective,synoptic diagrams and
structural map of the autochthonous zone,certain broad conclusions regarding

tectoric movements can be drawn:

(i) The S, Planes parallel the Uttarkashi Thrust front near different
sectors and hence do not seem to coincide with the axial plane of
the Baragadi Anticline. On the other hand, it appears to have been effectively

controlled due to changing orientation of the thrust zone.

(ii) The strike of s1 and 32 Planes in sectors 2 and 3 does not coincide
with the regional WNW.ESE and NW-SE Baragadi Anticline axis as is also

evidenced from the synopticwS; and TSy diagrams.

(1ii) The foliation 82 appears possibly to have been evolved by inter-
graralar and intragranular slip movements during the thrusting as is indicat-
ed. by profound granulation of the rocks. Similar interpretation has been put
forward by Cloos(1946) for the Moine Schists: " Undulations are parallel to
the bedding and cleavage showing that thrusting must have been nearly parallel
to the bedding and that the cleavage may have forred parallel to the thrust

plane during the thrusting process",

(iv) The orientation of mineral lineation L, on 82 planes is normal to
the regional NW-SE trend of the Uttarkashi Thrust,Baragadi Anticlire and
Uttarkashi Formation and indicates 'a' direction of tectonic movement,It
is noteworthy that minor recumbent fold axes,mineral lineations and slicken-

sides have been recently recorded in the'a' direction of tectonic movement
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of the Almora Nappe(Sarkar,at al,,1965; Merh and Vashi, 1966).

(2)_Uttarkashi Thrust Zone - The girdle shaped thrust zone comprises a

sinuous outcrop of metabasics which occur as chlorite schists,ampribolites

and metadolerites, Occasionally thin lenses of buff-grey,slaty quartzites

are also met with parallel to the foliation., The zone separates the underlying
autochthonous Uttarkashi Formation from allochthonous Quartzite Formation,
and has been subdivided into 5 sectors on the basis of structurally homoge-
neous domains,

Sector 4 (Fig.36 ) - Tt covers a part of the thrust zone between Mustari and
Manour, Ther S, diagram shows a well defined maximum(33%) in the southwestern

quadrant, The average foliation planes strike N121° -N301° and dip 30° N30°,

A few S, -strain-slip cleavages also dip towards NE at about 50° while

the associated Ly lineation plunges 0-36° in N 305°-N20°,

Sector 5(Fig.37 ) - It includes a part of the southwestern flank of the

thrust Zone between Aleth{ and Dhanpur ,Here then-S2 diagram indicates a strong
maximum(27%) in the northeastern quadrant and a sub maximum(9%) in the south-
east, From this, it is therefore evident that the foliations strike N 128°
N308° and dip 33° N218° on an average while another less important direction
in N98°. N278° with 50°N dip is decinherable from the submaximum, The great
circles corresnonding to the maximum and submaximum intersect at the point B

which plunges 11° N290°,

A few poles to 83 Planes fall in the southwestern quadrant and dip in
the NE, L3 plunges in the NW at low angles, A comparison with sector &4
reveals that the foliation S2 has been folded along NW-SE Baragadi Anticline

axis whereas S; dips consistently towards NE, The L plunges in the 'b!

4

direction and coincides with the B-axis of the anticline,as calcukted from

the intersection of 82 planes,
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Sector 6 (Fig, 38) - It covers the U-shaped exposure of the thrust zone
between Dhannur and Sankrona. The-rrS2 diagram shows a proﬁinent maximum(15%)
in the northeast and a submaximum(8%) in the southeast quadrants, Accordingly
the foliation S, strikes N135° - N315° and N70° -N250° and dips 200 122% and
38° N340° fesgectively. Here also, their corresponding great circles inter-
sect point B which nlunges 12° N275°, In comparison with sector 5,
foliation strikes more northerly and dips in the same direction near

closure of a syncline which,as inferred from the B -intersection,plunges in

the west at about 10°,

A few scattered poles to the 83 planes fall in the southwest and indi-
cate a north and northeasterly dip of the strain-slip cleavage. The L3
lineation vlunges variably between N204° and N328° at low angles, As in
earlier sectors; the 83 and L3 maintain their consistent direction in contra-
st to the variable attitude of the S, planes, thus suggesting a late
structure related to the folding, This is also evidenced from the similar
plunges of L, and B -intersections.

Sector 7 (Fig.39 )- It includes the Uttarkashi-Lambgaon madsection between
Sankrona and Santangaon. The‘n'S2 diagram is characterised by two maxima(15%)
in the southeastern quadrant, The foliation planes din 38° N270° and 20°
N320° on an average, The great circles of the two maxima intersect at

point B8 which plunges 20° N320° like the.earlier sectors, The two prominent
maxima of the foliation 82 indicate a NW-SE fold axis as has been mapoed in
the field (Map 8 ).

The poles té the Sq planes fall in the SW quadrant so that these dip
30° NA0°, Their intersection on 82 i.e.,L3 1ineation.p1unges 5 -34° N280°-
N354° and coincides with theB -axis of the major folds in the 'b' direction,
The results of this sector confirm the earlier observations in other sectors
of the thrust zone that strain-slip cleavage(S3) dips uniformly towards
NE irrespective of the altitude of . foliation 52 while the L3 plunges N

towardsdirection of the fold axis,
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Sector 8 (Fig. 40) - It covers the southern part of the road section and

f211s southern limb of an anticline in the thrust zone, The w S, diagram shovs

2

a single maximum(25%) in the northeastern quadrant, From this, the 82 planes

strike N118° -N298° and dip 40° N208°, While a few poles to S. planes fall in

3
the southwest and indicate a dip towards NE, the L3 plunges uniformly at low

angles to NW,

Synoptic characters of the thrust zone - The synopticﬂ'82 diagram (Fig.41 )

shows two small maxima(117) in the northeast and southwest quadrants and a
submaximum (97) towards south, The foliation planes correshonding to

the maxima strike NW-SE and dip 28" N32° and 36° N215°,The great circles
intersect at the point § plunging 6° N315°.Thi$ indicates that the 82 planes
have Been folded into N 55°W-S55°E trending folds with a plunge tavards

NW of about 10°,

In the synonticer Sy diagram (Fig,42) a single maximum(13%) is seen in

the southwestern quadrant, The S, planes dip 30° N32° and strike N 122°-N30232

o
There is a marked preferred orientation in the synoptic Ly diagram with
a maximum(107) which plunges 20" N314° (Fig.43), It is noteworthy that L,

nlunges approximately in the same direction as the B -fold axes.

On the basis of the structural map, seiective and synoptic diagrams,

following conclusions have bren drawn for the Uttarkashi Thrust zone:

(1) The NW-SE strike of the 82 blanes coincides with regional trend
of the thrust zone even in the individual sectors.

(11) As has been pointed elseWwhere (Chapter 5) that the metabasics are
emdlaced along the Uttarkashi Thrust,it appears possible that these have
suffered structural deformation and metamorphism during the thrusting move-

ments and have develoned a prominent 52 foliation,

(141) The S, * planes have been folded along NW-SE axes which plunge

at low angles towards NW, This has bcen observed in the individual sectors



85

and synoptic T S, diagram,

(iv) While S, plancs are heterogeneous in choracter in the metabasic
tectonite body, the strainQSIip cleavage(S3) tends to maintain a regular ori-

entation and possibly defines the axial planes of the ma jor folds,

(v) The microcorrugation (L3) plunges uniformly towards NW and coincides
with B intersections of the S, Planes, 1t trends parallel to the fold
3 and L3 are related to

ma jor folding of the 82 planes and appear late structures superimposed upon

axes hence it is 'b' lineation,Thus, both the S

the earlier foliation(cf., Rickard,1962).

(vi) 1t is evident that while S, has possibly developed during sub-
horizontal thrusting movements and is later folded ,the §, and L3 have origi-
nated under different stress conditions during the folding movements,The
adiustment 1s achieved by slips on surfaces cutting aéross the foliation,

This can take place while the stresses are inclined at high angles between

40 to 60° (Turner and Weiss, 1963).

(3) Allochthonous zone
The overthrust Qu-rtzite Formstion of the allochthonous

Zone comnrises . quartzites,schistose sericite queartzites and quartz

schists. Tt has been subdivided into the following % sectors,

Sector 9 (Fig, 44) - It covers a part of the Uttarkoshi-Lambgaon road south
qf Chaurikhal, Here in the quartzites, the bedding 31 is poorly marked and
dips 26 -45° N200° -N232° with their poles falling in the northeastern
quadrant, On the other hand, the S, planes dip 43° N168°, It is noteworthy
that the strike of the 82 planes coincides with. the E-W trend of thrust
zone near sector 9, The mica lineation (Ll) develop»d on SZ’ nlunges 38°1n

N210e,

Sector 10 (Fip, 45) - This covers the road section betwWween Foeld and Chaurikhal,
S1 is again poorly developed in this sector and dics 16 -74° N42°-N68° opposite

to bedding 31 in sector 9. The 82 Planes dip 30° N7:0 on an average'and their
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potes form a maximum (21%) in the southwestern quacrant.

The mica lineation L, Plunges 0-54% N24% to N73° but on’ an average it
1s gently ~lunging in N 60°. A comparison with sector 9 reveals that like
the S, planes,L1 is also folded along a M-SE axis and trends normal to
thrust front and fold axis in the 'a' direction of movement, The slick-

ensides Lo plunge. in the opposite direction towards N 204 -N304° between

22 -62° and possibly suggest minor interplanar post-tectonic movements,

Sector 11 (Fig,46) - It covers a part of the allochthonous zone along

road in the north of Foeld. S, planes are comparatively better developed amrd
dip variably in the N, NW and SW between 28-90° but their poles show a
concentration in the SY indicating an average dip of 60° in N60°, In this

sector, S; is folded along NW-SE trending axes which plunge in the northwest,

The S, planes generally dip towards NE at abou:: 30° while L,
lineation on the foliation planes plunges in 25° N6O°E and 15-30° N228-N246°
and_thus it has also been locally folded in thissector.Minor slip movements
are indicated by L, (slickensides)which plunges in the SW between 4° -72° (30¢

on an average).

Sector 12(Fig.47 ) The sector incorpdrates the road section near Dhanpur.The
hedding Sl is poorly developed and dips 40- 50° N185 -N255°. The poles to
the S, planes are widely scattered in the NE and MW quadrants with a general
southwesterly dips at about 40°, L1 consistently plunges 40° N240° on an
average but a few Lzlineations plunge towards NE. A comparison with

sectors 10 and 11 of the allochthonous zone indicates that S, 52, L1 and L2

are folded along a NW-SE syncline in the quartzites.

Synoptic characteristics of allochthonous zone - The synopticﬂ'S1 diagram

(Fig. 48 for the allochthon shows a well defined maximum(177) and a submaximum
(147) in the southwestern quadrant but a few poles also fall in the north-

eastern quadrant, The S. dips 60° N66° and 20° N45° respectively and intersect
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each other at B in the northwest. This indicates that the quartzites have been

folded along N 161-N 341° trending axes which plunge 12°NNW,

The TS, diagram (Fig,49 ) has a strong maximum(12%) in the Southwast
quadrant and hence the 82 dips 30° N74°, The poLes t?g;?e foliation are
considerably scattered towards north with a submaxiwumOL.From the comparison
with the synoptic S1 d?agram it ié apparent that 82 is not related to the
folding. As has been shown earlier, its trend is either subparallel or parallel

to the thrust zone in the individual sectors.

The diagram fer mica lineation L1 shows a prominent maximum(21%)
plunging 30° N60° and a submaximum(77) which plunges 40° N212°(Fig, 50),1i.e ,
normal to thrust front and fold axes ir the 'a' direction of movement, L2
shows a varied plunge between 4-70° 1in the N216 -N 240° and N 50°(fig.51 ).

On the basis of the comparison of selective,synoptic diagrams and

structural map of other zones,the following conclusions have been drawn for

the allochthon:

(1) S, has been folded along NNW.3SE trending axes which plunge towards
NNW at low angles,
(11) The pattern of folding of 82 in the allochthon is less distinct
since the maiority of these dip either towards ENE or SSE and only a few in
the SW, These trend subparallel to the thrust front and appear to have been

possibly evolved during the thrusting movement,

(i1i) Though S, dips variably,the penetrative mica lineation L1 plunges
consistently towards N 60°E and S30°W, It is generally normal té the thrust
froﬁt in the 'a' direction of tectonic movement similar to slickensides,
grooves and mica lineation in the Almora Nappe(cf., Sarkar,et al.,1965)

(iv) In comparison to the autochthonous zone, L, is inclined 38° more

towards east “in the allochthon while it is oriented at 106° to L3 of

the thrust zone,
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-(v) The tectonic movements as indicated by 'a' mica 11naations(L ) thus

anpear to be variable between NNE- N60O°E directions,

(vi) Yhile the thrust zone is homogeneous with respect to the S3 and L3,

the allochthon is heterogeneous in relation to atl the structural elements,
3.3 -4 CONCLUSIONS

On thebasis of the above detailed structural analysis in a part of
Uttarkashi Window region, the following tectonic history can be made out
for this particular region:

(1) Deposition of (1) thick allochthonous Quartzite Formatipn of
northern belt at least 15 km. north of its present position.As  .can be
inferred from the (Mao3 ), these quartzites have been thrust along the Dunda-
Uttarkashi Thrusts which are 15 km, apart and (ii) the Uttarkashi Formation
in 1ts present nosition,

(2) During the initial phases of the Himalayan Orogeny,broad t11tinp

and flexuring have taken place by the forces from the northeast,

(3) In the advanced phase of the orogeny,the thrusting movements were
dominant and have develoved a subhorizontal dislocation plane in the Quart-
zite Formation al~ng which it has been thrust upon the younger Uttarkashi
Formation,

(4) During advancement of the allochthon élong the Uttarkashi
Thrust, the em»lacement of the basic rocks as doleritic sheets took'place
and has possibly facilitated the southward movement of the allochthon,

(5) During ﬁhe thrusting process, the autochthon ,allochthon and
thrust zones were possibly metamorphosed.This is evidenced by orofound

which
calaclastism along thrust in thosc zones/have acquired the foliation(Sz ).
The penetrative mica linecation L1 also seéms to have been formed during

the thrusting processes along the 'a' direction of the tectoic transport from

the northeast,
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Orientation diagrams for Uttarkashi Window region

Autochthonous Zone

Fig.27 7&9 diagram - Sector 1
Fig.28 lTs, diagram - Sector 1
Fig.29 [T, diagram - Sector 2

Fig.30 fic, diagram with -L, (dots) and L, (cross)-Sector 2

Hijgr, 3 ITs, diagram -Sector 3

Fig.32 fls,. diagram with Ll(Dots)- Sector 3

Fig.33 Synoptic ﬂE, diagram

Fig.34 Synoptic /s, diagra m

Fig.35‘ Synoptic L, diagram (contoured) with Lz(cross)

Uttarkashi Thrust Zone

Fig,36 ﬁgxf diagram (contoured) with 53 poles(plus) and L

(dots) - Sector 4. 2
Fig.37 Mg, diagram with S poles (plus) and L3 (dots) - Sector 5

Fig.38 ﬁs; diagram(contoured) with S_ poles (plus) and L3

(dots) - Sector 6 :

FigLi30 ﬁsv, diagram (contoured) with S3 poles (plus) and L3
(dots) - Sector 7. _

Fig.40 ﬁgl' diagram(cont~ured with S3 poles (plus) and L3(dots)

Sector -8

Fig.41 Synoptic /s, diagram
Fig.42 Svnootic ﬁk;diagram

Fig.43 Synoptic Ly diagram

Allochthonous Zone

Fig.44 Poles to Sl(small dots) and Sy(big dots),Ll(triangle)Sector9
Fig.45 Poles to Sy and SZ; L1 and L2 (cross) - Sector 10,

Fig.46 Poles to S; and S, ; Ljand L, - Sector 11

Fig.47 Poles to S, and S,; L, and L2 - Sector 12

Fig.48 Synoptic /IS diagram

Fig.49 Synoptic fis, diagram

Fig,50 Synoptic Ly diagram

Fig.51 Synoptic L, diagram
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(6).The thrusting phase is followed by a dominant folding phase. During

this phase,the three zones have been folded along the common axes.

(7) The folding of the zones h-s given rise to opposite dipping SI’SZ

and L1 elements along NW.SE axes.

(8) During this folding phase of the thrust zone,the strain-slip
cleavage(s3)and microcorrugation linﬂation(L3)were formed due to minor
slips along the new foliation nlanes. The competent and brittle masses of
autochthon and allochthon behaved differently with possible develonment of

slickensides(L )and faulting in the rocks.
2

(9) The erosion of the allochthon and the thrust z~nes has exposed :
underlying autochthon into the Uttarkashi Window, It appears that the erosion
has not been deep enough in the southeast between Sankrona and Chaurikhal so
1s to reach the autochthon,otherwise another window of the underlying rocks

would have been exposed,

3.4 STRUCTURE OF THE AREA

In the oresent area, the detailed geological mapping has revealed a
number of folds, faults and thrusts which have been elaborated and established
in the earlier pages of this chapter. The following account deals with their
structural interpretation and structure of fhe area which has been elucidated

with the help of many cross sections.

3.4 -1 SOUTHERN REGION -

As can be made out from the geological map (Map 3) and Figures 52,53,
54 & 55 , the southern region lies in the southwest of the bharasu Thrust
and congists of the widespread, steeply dipping and folded Dharasu Formation,
Across the Chapra-Soman section (Fig, 52), the formation is exposed for
nearly 10 km, but dwindles to‘only about 1,5 km, in the southeast along
Bhagirathi river (Fig, 55), The formation has been folded along four NW-SE

and NNW -SSE trending axes - the Daski and Bharkot Synclines and Magon and
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The Nagon Anticline is truncated by the Tons Thrust near Kansi and
Bheti and 1is not exposed across the Basul and Khand villages (Fig, 55).
Purple argi'!laceous quartzites of the Dharasu Formation are folded along this
anticline ané dip beneath the Laluri Formation on its southern limb(Figs,53, 54
£ 55 ). On the other hand, the Daski Syncline with a NNW.SSE axis in centre
of wide Dharasu Formation outcrop extends forat least 20 km, between 34°41'30":
78°15' and Bheti, Along this axis, the formation is mainly exposed in a
syncline and is warped at its northern and southern margins due to Malli

and Nagon Anticlines respectively,

The Malli Anticline has been traced all along the left bank of
Bhagirathi river between Dharasu and Chham but its northeastern limb is trun-
cated by the Dharasu Thrust in the southeast of Malli(Fig.55 ), Another small
Bharkot Syncline lies in between the Malli Anticline and Dharasu Thrust near

Pujargaon and is truncated by the latter at Malli,

The Dharasu Formation is thrust over the Southern Quartzite Formation
belt of the Chamoli Window(northern region) along the Dharasu Thrust and in
turn, is overridden by the (i) Laluri Formation along the southerly dipping
Tons Thrust and (ii) Rangaon Limestone alomg the northerly dipping Bangaon

Thrust,

The Dharasu Thrust passes through the hill 2339 metres, Sartali,Mason
Soman, hill 2208 metres, Malli 5nd Baldogi and runs for about 40 km, across
the mapped area. In the northwest, it trends NNW-SSE and separates
greenish grey argillaceous quartzites and phyllites of the Dharasu Formation
from :+ schistose sericite quartzites of the Quartzite Formation between Mason
and Pujargaon,lt is impersistently marked with the metabasics at Soman and Ulya.
The thrust takes a northerly swing between Pujargaon and Malli and then changes

to MW.SE. In the southeast, it aeparates the gentle and NE dipping Dharasus
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from - highly inclined Dichli Dolomite formation between Malli and Chham

(Figs.54 & 55).

Along right bank of the Nagon Gad, the Dharasu Formation dips at about
40°.beneath the Laluri Formation and is overridden by the latter along
Tons Thrust. This thrustvhas been originally extended by Auden (1938) upto
Khand but on the basis of the present mapping, it has been traced further to
Kandi in a N60°W -360°E direction for about 15 km. in the area. It may also

be added that it extends further to the SE towards Bhaldiana outside area,

The gently dipping Laluri Formation is exposed on the sotithern limb
of the Nagon Anticline and is succeeded conformably by thick alternating
phyllite and quartzite sequence of the Chandpur Formation.This,in turn, is
overlain by the Nagthats which are separated from the former by Basul

Thrust along northern slopes of the Gorpha Dhar(Figs,52 to 55),

The Nagthat Formation has been folded into a N6O°W -SE0°E trending
Deosari Syncline and dipsgently in its core, Only about 10 km, northeast of
Mussoorie, the formation is thrust upon the Chandpurs along the northeasterly
dipring Aglar Thrust which appears to join with the Basul Thrust at the base

of the Nagthats (Figs.52 & 53),

In the southern region of the mapped area, Auden (1938) considered

Tons Thrust terminating against another thrust- the major tectoric unit
(Dharasu Thrust in this work)at Khand, Further, he interpreted the Tons Thrust

as a counter thrust to the Krol Thrust along which the Krol Nappe is thrust
uvon the autochthonous Simla Slates zone(Fig,57 , Map10). The mutual relation
nlong . borders of the Simla-Krol Belt undoubtedly indicates an autochthonous
position of the Simla Slates which are at places unconformably overlain by
the Lower Tertiary formations and exposed in many small windows e.g.,

Bhidalna and Parahat Windows beneath the Krol Napoe (cf,,Auden,1934 a,1937).
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&68
However, on the basis of the observations cited above(pp. 66/) ,the Tons

Thrust and Dharasu Formation are found extending along the strike for consi-
derable distance along the Bhagirathi river and are not truncated against any
thrust or maior tectonic unit, Similar purple-green-grey argillaceous quart-
zites and phyllites resembling the Dharasus have been observed all along
left bank of the Bhagirathi river unto Tehri and extend even to Diul along
Bhillangana ri;er(Nautiyal-persqnal comnunication), Though the phyllites at
Srinagar,Devprayag, Kirtinagar and Tehri undoubtedly resemble Chandpur
Formation, thelr exact structural relationships can only be known after the

detailed mapping.

It 1s evident that the Dharasu succession has been thrust over the
Garhwal Groun of rocks al-ng the Pharasu Thrust andZE::stitute a separate
allochthonous thrust sheet,herein tentatively termed as the Dharasu Thrust
Sheet, In thé area, this sheet dins beneath the Krol Nappe (Laluri-Chandpur-‘
Nagthat Formations) which has overridden the Dharasu Thrust Sheet along
Tons Thrust, This structural interpretation of the allochthonous Dharasus
markedly differs from vicwpoints of Auden(1937) who considercd Sixmi~ Slates
(equivalant of Dharasus) ,q autochthonous in this part of the Garhwal Himalaya

(Map 10), However, Bhargava and Srikantia (1967) worked out an intervening

thrust sheet of the Simla Slates below the Krol Nan»oe in Puniab Himalaya.

In the Krol Napne(Auden,1934a,1937) or the corresronding Krol Napoe I
(Valdiya,1964 b) succession of the area, the Laluri-Chandour-Nagthat Formations
are thrust upon the Dharasus along the southerly dipﬁing Tons Thrust which
apoears to join with the Krol Thrust(cf.,Auden, op.cit.), Further, the

~Nagthat Formation is folded into the Deosari Syncline and is bounded by

Basul and Aglar Thrusts in thz north and south respectively, From the opposite
dipaing characters of thrusts at basc of Nagthat Formation, these seem

likely to join underneaﬁh to forﬁ a synclinally folded thrust sheet which

aprears to have slided over the Chandpur Formation. It is significant to note



that the Laluri-Chandpur-Nagthat Formations are devoid of the Blaini-Krol.Tal
Sequence Which is confined to the south of the Aglar Thrust into a narrow
belt in the core of the Mussoorie Syncline (cf, Auden,1934a), The Deoséri

and Musso~rie Synclines lie parallel to each other without any intervening

anticline which appears to be concealed beneath ° the Aglar Thrust,

The occurrence of the Nagthat Formation as rootless thrust mass 1s
supported by recent findings of the Jaunsar Klippe over the Krols in

Gambher section (cf. ,Bhargava and Srikantia,1967),

3.4 - 2 NORTHERN REGION

Chamoli Window

The northern region consists of widespread rocks of the Garhwal Group
which has been Previously known as the Barahat or Garhwal Series(Auden, 1938,
1949), According to him, these rocks are exposed in the Chamoli Window, In
the north, the Chamoli Window 1is bounded by the NE dipping Main Central
Thrust which has been noted outside the Present area at (1) Kupra along
Yamuna valley,(i1) 30°53': 7g°31!' along the Uttarkashi-Dodhi Tal brid,le path
and (1ii) Sainj along the Bhagirathi river. At these localities,the Central
Crystalline Zone comprising of the gneisses and schists with minor occurrences
of  amphibolites, marbles and quartzites is thrust over the Quartzite
Formation of the northern belt. In the south, the Dharasu Thrust separates

the rocks of the Chamoli Window from the overlying Dharasu Formation,

On detailed mapping in the Uttarkashi region it has been observed that
the structure of the Chamoli Window is more complicated than hitherto reali-
sed, The different lithostratigraphical units of the Garhwal Group are
'intricately folded and thrust amongst each other along the Uttarkashi ,Dunda
and Singuni Thrusts (Map #), As a result, the follwoing several large scale

Structural units within the main Chamoli Window can be recognised ;
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(1) Uttarkashi Thrust Sheet - The Dunda and Uttarkashi Thrusts are

persistently marked with metabasics along the thrust tone which demarcates
the contacts of the northern Quartzite Formation belt from the Dunda-Uttarkashi
Formations (pp. 71& 73 ). In the northern parts of the area, the Uttarkashi
Thrust dips 30 -40° in the NE between Hinna and Naid but on the left banks of
the Baragadi Gad and Bhagirathi river it dips in the SW, Thus it is evident
that the Uttarkashi Thrust has been folded into an anticline with NE and SW

dipping thrust zones in the north and south respectively (p, 74, Figs. 52 & 58),

The Dunda Thrust is also characterised by the metabasics in the thrust
zone and dips in the NE at low angles of about 20 -39°( pp, Tie1d, Tiges 32
& 59). The characteristic occurrences of the metabasics and thelr opposite
diponing nature along Dunda Thrust and southern frace of the Uttarkashi
Thrust are verv significant and are considered as major factors in the analysis
of the area, From this it can be concluded that the Uttarkashi Thrust extends
underneaéh the Quartzite Formation and joins with the Dunda Thrust into a

synclinal structure (Fig. 60 ).

The folded nature of the Dunda and Uttarkashi Thrusts clearly indicates
that the northern Quartzite Formation belt 1is not occurring in its original
olace and is allochthonous ir character. This allochtionous zone 1ig
thrust gver the Uttarkashi-Dunda Formations from the northeast to southwest
as a folded thrust sheet, This has been named as the Uttarkashi Thrust Sheet.
From a close study of the map, the different profile sections and horizontal
measurements in NE-SW direction of the thrust Zones, it can be inferred
that the Uttarkashi Thrust Sheet has moved for at least 15 km,southwestward

from its original place,

(11i) Nagni Thak Klippe - The erosion of the Ut*arkashi Thrust Sheet has

left a remnant of an elongated southwesterly dipping quartzite outcrop between
Baun-Pokhri-Chaurikhal-Knti-Jakhni. In the south, this is bounded by the Dunda

Thrust while in the north, the southern trace of the Uttarkashi Thrust limits
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northern boundary (Fig, 52), Billings (1962,p.184) defined such an isolated

body as '"klipne" = a remnant, of the overthrust sheet due to deep erosion,

The Nagni Thak Klippe is about 15 km, in the NW-SE direction while
the maximum width is about 7 km. between Pujargaon and Pokhri,This klippe
extends to the Yamuna river as s narrow exposure(about 3 km) between

Gangani and Kutnaur,

(1ii) Singuni Thrust Sheet - The Singuni Thrust separates the southern

Quartzite Formation belt and the overlying Dichli Dolomite from Dunda
‘Formation and is characterised by nearly 300 metres thick, scuthwesterly
dioping augen mylonites in the thrust zone between Khattukhal and Bagyal-
gaon. In the southeast,Singunt Thrust conceals Dunda Thrust along the
Uttarkashi-Lambgaon road near 30°40': 78°30' but it coalesces with the Dharasu

Thrust near Rari in the northwest,

As has been explained earlier(pp.69 -71 ), the Singuni Thrust conceals

. different members of thé Dunda Formation and also truncates the Khattu-
khal Anticline axis at Painkhal and Khattukhal, Thus it is evident that
southwesterly dipping Quartzite Formation and overlying Dichli Dolomite
are thrust upon the Dundas along the Singuni Thrust and are allochthonous
in relation to the Dunda Formation, From its disposition, this is a separate
SW dipping allochthonous thrust sheet called as the Singuni Thrust Sheet.
At the outset, the Uttarkashi and Singuni Thrust Sheets could be considered
as a single folded structural unit of the same allochthonous zone.However,
in view of the following characteristic imbortant features, it is difficult
to consider the Singuni Thrust Sh-et as a southward extension of the Uttarkashi
Thrust Sheet:
(1) Absence of metabasics along the Singuni Thrust at the base of the southern
thrust sheet, On the other hand, the Uttarkashi Thrust Sheet is conspicuous
by its presence along the Uttarkashi and Dunda Thrusts while the latter, at

places, is only 0,25 km, from the Singuni Thrust.
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(11) Occurrence of mylonitised quartz and feldspar porphyry ( augen mylonites)
along the Singuni Thrust between Khattukhal and Bagyalgaon on the left bank
of the Dhanari Gad(Chapter 4).These are found to be absent along the Dunda

Thrust along right bank of the gad.,

(1i11) Abnormal variation in thickness of the allochthonous Quartzite Formation
on the right bank of the Bhagirathi river. These quartzites are nearly
200 metres thick in the southern thrust sheet but are more than 1500 metres

thick in the north,

(1v) Marked variation in the metamorphic effects along the Dunda and Singuni
Thrusts. These quartzites are metamorphosed to schistose sericite quartzites
and quartz schists along the Singuni Thrust in the southern sheet and
develop mortar texture,profound granulation and elongation of quartz grains.

The above features are imperceptible along the Dunda Thrust.

(v) Distinct heavy mineral characters of quartzites in both the thrust
sheets (Chapter 6) which, at places, are only 1 km, anart.The southern thrust
sheet of the quartzites is characterised by zircon and increasing amount of
tourmaline varieties,whereas the northern Uttarkashi Thrust Sheet is marked

with zircon,

(1v) Autochthonous Window Zones - From the foregoing discussion on

the structure of the major Chamoli Window it is clear. that the overthrust
Quartzite Formatinon sheets are allochthonous in character over the underlying
rocks of the Dunda and Uttarkashi Formations, As a result of deep erosion of
the overthrust sheets of quartzites, the Dunda and Uttarkashi Formations

are exposed in two elongated windows,

According to Billings(1962,p.184), 4a. window is an erosional structural
feature where the underlying rocks are exposed beneath the overthrust sheet
of rocks. In the present area, these elongated windows are defined by

encirclement of the underlying Dunda-Uttarkashi Formations by the overthrust
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quartzites on their three sides,while in the northwest the windows are open

atleast upto Yamuna river.

/

(a)hggparkashi Window (Fig, 58)- The window is named after the Uttarkashi

town where it exposes the underlying Uttarkashi Formation beneath
Uttarkashi Thrust Sheet-quartzites., The axe shaped window structure is
defined by - persistent metabasic girdle in the Uttarkashi Thrust zone,
The window closes near Sada hut the upper trace of the thrust zone extends

further southeast atleast upto Chaurikhal.

A series of cross sections drawn across the Uttarkashi Window has
revealed that the oldest Netala Quartzite member of the Uttarkashi Formation
is exposed in the core of the Netala Anticline between Gangori and Hinna and
is overlain on its limbs by the Lower Uttarkashi Limestone and Pokhri Slate
members (S,*S¢}.0n both banks of the Bhagirathi river,these members are

flanked by the metabasics and Quartzite Formation ( SQ:SS)'

On the other hand, ﬁhe Upper Uttarkashi Limestonelying conformably

over the Pokhri Slate,extends betWween Mandon and Tekhla on the northern limb
of the Kot Syncline but is largely concealed bemeath the overthrust quartzites
both in the northwest and southeast (84,57). The limestone member is overlain
by © . metabasic and flaggy quartzite rock units of the Bareti Quartzite in
core of the Kot Syncline and is faulted down on its southern 1limb by the Kot
Fault (SS:SG).Close to the hill 2133 metres, the metabasics and the overlying
‘quartzites are displaced by about 0,5 km. due to this fault(S7). The upper
limestone member is again faulted down by the Baragadi Fault due to which

this limestone member is completely absent on the limbs of the Baragadi

Anticline and Kot Syncline (53-88).

Another exposure of the Upper Uttarkashi Limestone member lies on
southern limb of the Baragadi Anticline betweer Sada and Dilsod and is well

represented in sections S3-S .1t is urderlain as well as overlain by

6
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Pokhri Slate near Pokhri (SS)' The conformably overlying youngest,Rareti
Quartzite member occupies the northern limb of the Baragndi Anticline between

Sada and Panjala.

The Uttarkashi YWindow extends between Kutnaur and Kupra along the Yamuna
river with a NW-SE trend for about 22 km, It narrows considerably to 1,5 km,
and is widest to 7 km, across Uttarkashi. Along the Yamuna river,  under-
lying purple-greeﬁ-black slates and greyish micaceous quartzites of ﬁhe
Uttarkashi Fbrmation are Separated from overlying buff-white schistose
sericite quartzites of the Quartzite Formation by thin metabasics and are

folded into an anticline (Map 11),

(b) Dunda Window (Fig. 59 )- The Dunda Window is exposed in southwest of

the Uttarkashi Window and is defined by the northeasterly dipping metabasics
along the Duﬁda Thrust at 1tsAnorthern margin,In the south, the window is
bounded by another southwesterly inclined Singuni Thrust, In field, the
latter is weonspicuous by: occurrence of nearly 300 metres thick augen
mylonites, In this window are exposed _ different members of the Dunda
Formation e,g., Khattukhal Limestone, Dhanari Slate and Dunda Quartzite

beneath the overthrust sheet of the Quartzite Formation (Map 7, Fig. 52)

A series of geological sections explain the structure of the Dunda
Window, Along northeastern boundary of the Dunda Window,the allochthonous
quartzites of the Uttarkashi Thrust Sheet dip €0-70° in the S' direction and
rest over the northeasterly inclined (about 20 -30°) metabasics in the Dunda

Thrust zone (S -S__),
Y-Sl

In the window zone, the uppermost Dunda Quartzite member of the Dunda
Formation dips steeply at 40 -80° in the northeast and is overlain by
thrust zone of the metabasics.With an angular discordance between Dhanari and
hill 2288 metres (Sl- SlOLHere it may be added that the angular discordance

along NE boundary of the Dunda Window cannot be considered due to an



unconformity. The structural relationships with the NE dipping Dunda Quartzite
thrust zore and SY {nclined overlying Quartzite Formation, as claborated on
PP. clearly indicate the existence of a dislocation plane along which these
metabasics occur(also refer Chapter 5), Further in the northwest ,the thrust

zone possibly conceals the Dunda Quartzite member and rests directly over

Dhanari Slate (5. .- Vi

11 SI7
In the southeast -along left bank of the Dhanari Gad, the Khattukhal Lime-
stone 15 exposed in the core of the Khattukhal Anticline between Painkhal and
Khattukhal as the oldest member of the Dunda Formation (S3-S6).In section 7,
this limestoné 1s com>letely concealed beneath the Singuni Thrust. Sections 8
to 11 show . that the Khattukhal Limestone outcrop occurring on the right
bank of the Khattukhal stream(Chapter 2, p.32) dips uniformdy to the north-
east on the northern limb of the anti&line,but on the southern limb of
Khattukhal Anticline thislimestone is completely concealed beneath the
Singuni Thrust, This indicates the overriding of the Singuni Thrust Sheet on
the Khattukhal Limestone member. Further in the northwest, the stfucture is
complicated due to the complete truncation of the limestones in the window
zone which comdrises the Dhanari Slate member only. As has been noted in
Chapter 2(pp.32), the sinuous outcrop of the Khattukhal Limestone dips
regionally 4n the southwest between Daﬁg-Shyalna-Giunoti while the quartzites
of the Singuni Thrust S*eet extend uninterruptedly towardgnorthwest as a narrow
belt bounded by the Singuni and Dharasu.-Thrusts(Sll-QLg..The limestone out-
crop overlies the Dharasu Formation in the southwest of the thrust sheet,
outside the window zone.,Due to its south and southwesterly dips,this outcrop
possibly represents the limestones on the southern limb of the Khattukhal

Anticline,

Like the Uttarkashi Window, the Dunda Window is a narrow elongated tecto-

nic structure which is 2% km.wide across the Dunda village., This window has
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been obgerved extending atleast upto Yamuna river for about 25 km, in

NW.SE direction, Here, the dark greyish limestones with slaty intercalations
are folded into an anticline near Gangani (Map11). The rocks are delineated
by,thé metabasics along the Dunda and Dharasu Thrusts on both sides of
window, In the southeast, the window extends to Paturi and possibly closes
near Dingaon due to  truncation of the Dunda Thrust beneath Singuni
Thrust,

Comparison with other regions

As has been discussed in the foregoing pages, the northern region of
the area encompasses many new structural units in this part of Garhwal, In
view therefore it would not be out of place to discuss and correlate these
units with the adjoining areas in the Lesser Himalayan region, Firstly,.
structure of the northern region is compared with the adjoining regions
which hdve also been traversed during the course of this study. Then
these structural units of the Chamoli Window are compared with the Shali-

Chakrata-Kumaon regions,

(1) Yamuna River Section (Mapll) - The Chamoli Window is approximately

13 km, wide in the northwest along the Yamuna river in comparison to its
27 km, width al-ng the Bhagirathi and is bounded by the Main Central Thrust
and the Dharasu fhrust in the north and south respectively. Structurally,it
consists of the Uttarkashi Thrust Sheet,Nagni Thak Xlippe, Uttarkashi and

Dunda WYindows which are relatively narrow along the Yamuna.

In this section, the Singuni Thrust Sheet pinches out somewhere
between Rari and Yamuna river due to concealment of the Singuni Thrust
and Quartzite Formation beneath the Dharasu Thrust, The latter brings

Dharasu Formation and metabasics in contact with the Dunda Window,

The Chamoli Window closes nearly 10 km., NW of the Yamuna river section

around Banchangaon (Auden,1949) due to possible truncation of the

Dharasu Thrust by Main Central Thrust,
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(i1) Jalkur Nadi Section - Along Jalkur Nadi section on the eastern margin

of the area, the extensive thick Quartzite Formation of the allochthonous
zone dips uniformly towards southwest between Lambgaon and Dhauntri, These
quartzites lie on the southern limb of the anticlinal structure in which

the rocks of the Chamoli Window are exposed in the area (p.61).

An examination of this section indicates that the Dunda and Uttarkashi
Windows do not extend upto 78°30', The monotonous allochthonous Quartzite
Formation of the Uttarkashi and Singuni Thrust Sheets are repeated by the
Singuni Thrust, Further towards east of this section, the Uttarkashi Thrust
Sheet appnears to be partially\or completely concealied beneath thg Central
Crystalline Z-ne due to a southerly swing in the strike of the Main Central

Thrust (Map 12).

(111) Bhillangana River Section- Lying 16 km, SE of the Jalkur Nadi, the

Bhillangana river section has been traversed by Seitz et al,(1963), Tewari
(i963) and Nautiyal (personal communication), Their work reveal that the
Garhwal Group rocks have considerably narrowed to a 9 km, wide exposure and
are thrust upon by the Central Crystalline Zone along the Main Central Thrust
wh;ch has been located at Ghansali, At Diul in the south, the group is
diélocated against the overlying Chandpur Series by another thrust,an

extension of the Dharasu Thrust(p ,69 ).

The discovery of a patch of metasedimentaries beneath anticlinally
folded Central Crystalline Zone 1in the Ghuttu Windcw is of considerable
importance(Tewari,1963)., The samples collected by Nautiyal from this window
zone include slates and dolomitic limestones which are comparable Wwith
rocks of the Dunda-Uttarkashi Formations and schistose sericite quartzites
with the Quartzite Formation of the present work. The mere coincidence of the
GHuttu-Dunda-Uttarkashi Windows and the axes of anticlines in the

Crystalline Zone and Garhwal Group in the same strike is not fortuitous,
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Further, the narrowing of Fhe Garhwal Group along the Bhillangana river,when
analysed criticélly with reference to the above observations indicates possi-
ble continuation of the autochthonous Dunda-Uttarkashi Formations and as well
as the allochthonous Quartzite Formation beneath the Central Crystalline
Zone at least upto Ghuttu. This differs from the earlier views of Tewari
(1963) that the Ghuttu Window rocks are possible extension of the Chandpurs
or Simla Slates as autochthonous or para-autochthonous zone below the crysta-

llines,

(41v) Srinagar- Rudraprayag area - Further SE of the Bhillangana river section,

the mapping by the present worker in this area indicates that the Garhwal
Group rocks of the Chamolf Window are complicately folded with WNW-ESE trending
axes but the regional southwesterly dips are still decipherable, From the
strike continuity and heavy mineral characters of quartzites (Chapter 6) it

1s evident that the southern Sihguni Thfust Sheet of the Quartzite Formation

and Dichli Dolomite extends in this region,

In the north, the quartzites are delincated by the Main Central Thrust
which is seen along the Nailchami Gad for considerable distance with a WNW_ESE
trend. Further in the east, it swings to NE-SW near Lounga and crosses the

Mandakani river further NE of Kurchhola,

It is significant that the normal current bedded quartzites of the
Quartzite Formation have been noticed upto the Mandakani river near longitude
79°0' and are capned by slates and dolomitic limestones with Collenia

(Nautiyal and Jain,1965),

(v) Northern Chakrata region - In the northwest of the Yamuna river section,

the structure of the northern Chakrata fegion is not well known, However,the
area shows extensive development of pure white sericite quartzite and pebbly
quartzites of the Middle and Upper Chail Series., These are thrust over
Deoban- Mandhali Series along the Chail Thrust and form the Ehail Nappe

(West ,1932; Fuchs,1968).
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(vi) Shali area - The structure of the Shali area resembles with the Chamoli
Window and more closely with the Dunda-Uttarkashi Windows. The Shali Series
comrising of alternate sequence of quartzites, slates and limestones is
exposed into,a broad anticlinal domal Shali Window and is thrust upon by the
Chail Nappe succession(Chail Series) along the Shali Thrust which,like

Dunda and Uttarkashi Thrusts is sometimes characterised by the metabasics
(Pilgrim and West, 1928; West, 1935, 1939; Rao and Bhan,1969), The Chail Nappe
with the Lower Chail Series possibly dips beneath the Siﬁla Slates on
southern flank of the Shali Window(West,1935) aﬁd is overlain by the Jutoghs
in the northern Indus regions, The structural similarity of the Shali Window
and the Dunda-Uttarkashi Windows is more striking due to their occurrence in
the strike direction and lithological resemblance of the window zone rocks

€.8., Shali Series and the Dunda-Uttarkashi Formations (Chapter 7).

(vi{) Lower Kumaon Region - In this region, the structure of the Chamoli

“indow has been worked out in some detail by Auden (1935,1949). Heim and
Gansser (1939), Valdiya(1962, 1964 b) and Gansser (1964), From the descrintions
of Auden, Heim and Gansser, it is evident that the Chamoli Window rocks
(Garhwal Series of Auden -1949) have been classified into the Deoban-Tejam
Zone by Gansser (1964), The Chamoli Window extends to the east at least upto
the Kali river along the Nepal border for a total length of about 270 km,
(Auden | 1949), It is delineated by the Main Central Thrust and North Almora
Thrust and is overlain by the Central Crystalline -Zone and Du:latoli-

Almora thrust mass in the north and south respectively, Along the Alaknanda
river, the Chamoli Window bifurcates into a northern Chamoli-Tejam Zone and
southern Badolisera-Pithoragarh Zone which are separated from each other

by the crystalline thrust mass axis of the Chamoli-Bai jnath-Askot (Gansser,

1964,p.,94),

From the tectonic map (Mapl2) compiled by the present worker it is

evident that the Garhwal Group may be extending eastward into the southern
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Badolisera-Pithoragerh Zone while the northern Chamoli-Te jam Zone is partially

or completely corcealed beneath Central Crystalline Zone in the west,

Many of the stratigraohical and structural relations are still unknown
in the northern Chamoli-Tejam Zone since it is uncertain whether the sedimen-
tary succession is normal or inverted as in the case of the southern zone

(Gansser,1964,p,95),

The structure of the eastern parts of the Badolisera-Pithoragrah Zone
comprising an older Berinag Quartzite and a younger Calc Zone of Pithoragarh
horizons is marked by a complete inversion of the stratigraphical succession
in Pithoragarh, Bageshwar and Ganai areas (Misra and Valdiya,1961; Valdiya,

Kumar, 1969).
1962, 1964b; Misra and Banerjee,1965, 1968,1969; Misra and Kumar,1965,1968;/
It belongs to the Krol Nappe 11 (Valdiya,l964 b) and Chatl Naépe sequence
of Fuchs (1968),

However, the controversy still goes on regarding the scale of inversion,
Bansser (1964,p.95) writes that " ,.,.while some sections are undoubtedly

inverted I would not follow Valdiya in applying this concept to the whole

sedimentary section of inner zone ir the Lower Kumaon Himalaya'".

In the present area, the predominantly slate-limestone-quartzite success-
ion of the Dunda-Uttarkashi Formations are thrust oon by normal sequences
of allochthonous Quartzite Formation and Dichli Dolomite, But their equivalents
and possibly the strike continuations in the Pithoragarh-Bageshwar-Ganal regions
are inverted (refer Chapter 7). It is evident that somewhere between longitude
79°0' and Ganai-Bageshwar area(west of longitude.” 79°45'), the sedimentary
sequence of the Chamoli Window observed in the present area, seems to have
suffered a complete inversion in the eastern parts of the Badolisera- .
Pithoragarh Zone. The exact nature of this structural inversion can only be
known after regional work between longitude 79°0' and 79° 45°,

In the light of the above, it may be noted that it is unnecessary

to assume the huge recumbent anticline between the frontal Jormal Simla-Krol
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succession and . : inner inverted sedimentary sequence of Pithoragarh as has
been postulated by Valdiya (1962), This is also untenable from the viewpoint
of . . correlation of the lithostratigraphical units (Chapter 7), In case
Valdiyé%(1962,1964 ¢) structure and correlation of stratigraphically older
Berinag Quartzites with Nagthats/Jaunsars of the Simla-Krol Belt {is accepted,
then the younger Calc Zone of Pithoragarh will automatically become equivalent
to the Krol Series, a view which has been rejected by Misra and Valdiya

(1961) and Valdiya(.op.ecit,).

However, the present correlation of the Garhwal Growp lithostratigra-
phical units with the Pithoragarh stratigraphy and the Mandhali-Chandpur-
Négthat sequence of the Simla-Krol Belt removes the above anomali (Chapter 7)
by correlating the Nagthats, Dunda-Bareti, Shali and Saryu Valley Quartzites

(recently renamed as Rautgara Quartzites - Valdiya,1968).

On the basis of the above structural and stratigraphical comparison
the present Worker tentatively suggests that the sedimentary succession within
the Deoban-Tejam Zone has been complicately folded into a recumbent anticline
east of longitude 79°0', Due to this, the normal succession 1n each tectonic
unit of the Chamoli Window in the Uttarkashi-Srinagar-Rudraprayag regions is
inverted in the eastern parts of the Badolisera-Pithoragarh Zone.From this,
it would appear that the Chamoli Window sequence of the present area possibly
belongs to normal upper limb of this recumbent anticline while lover

inverted limb is represented by the Pithoragarh-Bageshwar-Ganai-sequence.

Here,it would also not be out of place to mention about the widespread
autochthonous zone in the area comprising of the Dund--Uttarkashi Formations
which are exposed into the windows, The strike extension, lithologfical simi-
larities and general structural features put the Shali and Ghuttu Windows
in the same autochthonous unit in comparison to the overlying allochthonous
zone, Though the autochthonous rocks of all the above named windows are

broadly similar, the allochthonous zone differs widely from the Chail Series
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of the Shali Window, Quartzite Formation of the Dunda- Uttarkashi Windows

and the Central Crystalline Zone of the Ghuttu Wirdow, It is therefore apparent
that this widespread narrow belt of the austochthonous Zone as exposed in the
Shali, Dunda, Uttarkashi and Ghuttu Windows along the same strike is just not
a mere coincidence but indicates a sedimentological and tectonic control in
the inner parts of the Deoban-Tejam Zone. The extension of this autochthon may
in fact be more widespread than hitherto realised and can be mapped by

similar occurrences of more windows in this zone,

Thus, the Shali Series, Uttarkashi -Dunda Formations and Ghuttu

el

Window rocks are possibly exposures of an elongated,narrow belt of autochtho-
1 for nearly 150 km,
nous rock formations/in the inner sedimentary Deoban-Te jam Zone These parallel
the outer Simla-Krol Relt succession and broadly corresmond to the Deoban-
Mandhali-Chandpur-Nagthat succession. Nevertheless it cannot be compared with
~ the Blaipi-Krol-Tal sequence (alsc Chapter 7). This autochthon occurs beneath
the different allochthoncus units €.g., the Chail Series, Dharasu-Quartzite
Formati-ns and Central Crystalline Zone, The autochthon belt alsc possibly
nccupies a lower tectonic position than the Krol Nappe and is intervened by
the Singuni and Dharasu Thrust Sheets in the area, A similar interpretation
has recently been put forward by Bhargava and Srikantia (1967) for the para-

autochthonous Shali Series. which is separated from t“he outer Simla-Krol

succession by a thrust sheet of the Simla Slates in the Punjab Himalaya.

3.5 TECTONIC SETUP

Based upon the above detailed study of the structure in the area, a
cross section from the Aglar Nadi in the south(about 10 km, NE of Mussoorie)
to Chapre apd Uttarkashi summarises the several tectonic units (Map 4 ,Tig. 60)
namely, the (1) Krol Nappe, (ii) Dharasu Thrust Sheet and (ii{i) Chamoli Window
with its other structural units i1.e., (a) autochthonocus Dunda and Uttarkashi

Windows and (b) allochthonous Uttarkashi and Singuni Thrust Shects,
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(111) Chamoli Window - The Chamoli Window is comprised of nearly 27 km,

wide belt of the thick sequence of quartzites,limestones and slates of
Garhwal Group, It is delineated by the Main Central Thrust in the north and
Dharasu Thrust in the south. Further, the following two tectonic units have

been recognised within the Chamoli Hindow:

(a) An autochthonous sequence of the Uttarkashi-Dunda Formations, exposed in
the smaller Uttarkashi and Dunda Windows in the north and south respectively,
These windows occur beneath the overthrust Quartzite Formation and Dichlii
observed
Dolomite as two elongated structures and have been Iclosing on three sides in
the area.
(b) The allochthonous Quartzite Formation and Dichli Dolomite which are thrust
over the autochthonous Dunda-Uttarkashi Formations along the Uttarkashi,
Dunda and Singuni Thrusts as two separate sheets., Of these, the northern
Uttarkashi Thrust S‘eet is a folded structure and 1s delineated by the Main
Central Thrust in the north while the Dunda Thrust limits its southern
bourdary, The scle of the thrust sheet 1s marked with thin but persistent
metabasics all along the Dunda and Uttarkashi Thrusts. The thrust sheet is
partly eroded by the Bhagirathi river,Baragadi and Dhanari Gads to form the

Nagin Thak Klippe between the two thrusts,

The southern Singuni Thrust Sheet of the Quartzite Formation and
Dichli Dolomite has moved over the Dunda Formation and Uttarkashi Thrust
Sheet along the Singuni Thrust which is .at places, characterised by
augen mylonite occurrences. This thrust sheet dips bencath the Dharasu

Thrust Sheet which is thrust over the former along the Dharasu Thrust,
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4,1 INTRODUCTION

The effects of cataclastic breakdown and granulation have been
profound in the rock formations of the area(Chapter 2). These are more
pronounced near some of the thrusts but are typically observed along the
Basul,Singuni and Uttarkaéhi Thrusts. In addition, a thick auger mylonite
body has been found along the Singuni Thrust.In the present chapter are
given the field,megascopic and microscopic characters of the augen mylonite

and its relation to the thrusting,

4,2 TERMINOLOGY OF MYLONITIC ROCKS

The term mylonite(from Greek mylon = g nmill) was first introduced
by Lapworth(1885) for "microscopic pressure breccias with ffuxion structure
in which the interstitial dusty,silicious and . kaolinitic paste has only
crystallised in part', He observed a complete gradation from mylonites to
the Moing Schists above the Moine Thrust and called certain finely laminated
and colour banded rocks as 'variegated schists', A few other types even showed
considerable recrystallisation and were included in'augen schist'.i.e., a
fine grained, laminated rock with augens or fragments of original rock with
cataclastic textures set Iin " a secondary crystalline matrix of quartz and
mica arranged in fluxion bands" (Lapworth,op.cit). Later Teall(1918) and

Harker(1950, p.169) illustrated the transformation of a parent Lewisian Gneiss

to a tyvical mylonite.

Since the original, precise and well i1llustrated examples of the
mylonites by Lapworth,several authors have given diverse names and
terminology to explain these complex rocks, which are the products of extreme
mechanical deformation(Quensel,1916; Knopf,1931; Walters and Campbell,1935;

Hsu,1955; Christie,1960; Reed,1964). Christie (on.cik,)},or the b+sis
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of structures and textyres,classified the mylonites as (1) primary mylonitic

rocks and (1i) secondary mylonitic rocks, The terminology of all the catacla-

stic rocks has been excellently elaborated by Reed(1964)., Adopting his classi-

fication, the following types of thevmylonitic rocks can be identified in

the present area:(i) augen mylonites,(ii) ultramylonites and (iii)augen

schists,

4.3 MODE OF OCCURRENCE, FIELD AND MEGASCOPIC CHARACTERS

As stated earlier,the mylonites are developed along the Singuni Thrust
which separates the overlying southern Juartzite Formatiopn belt from the
Khattukhal and Dhanari Slate members of the Dunda Fo:mation(Cranter 3).
These rocks are overlain by the schistose sericite quartzites and metabasics
with sharp contacts. Though several minor varieties can be identified but
the most common and predominant type is a dark greyish green mylonitic rock
which 1is best exposed near the milestone 75/1 along the Uttarkashi road
and Singuni-Margaon mule track where these attain a thickness of nearly
350 metres, These rocks occur in a narrow linear body for atleast 5 km, in
NW.SE direction along the strike. The rocks taper off in NW near Khattukhal

village but are poorly exposed near Dhanari in the southeast (Map 6),

Mainly the mylonitic rocks comprise augen-nylonites with minor
occurrences of augenschists and ultramylonites., The augen schists generally
overlie the augen mylonites but are in juxtaposition with the thrust near

Paturi due to pinching off the other varieties,

The augen mylonites are characteristically marked with many rounded and
rectangular,augen shaped,white,poreallanecus porphyroclasts of feldspar
while quartz is generally augen shaped,greyish and transluscent, These vary
in size from 1 - 10 mm, The porphyroclasts are embedded in an' extremely fine
grained dark greyish green fluxion banded and laminated groundmass of

micaceous minerals which wrap around the augens (Fig. 175 ). The colour
B o



TABLE - 12

MODAL AMALYSIS OF THE MYLONITIC ROCKS

S.No. Samole No, Tuartz Felde :ar uartz + Biotite Recrystalli- [uscovite Total
porphyroclasts porphyroclasts Sericite sed gquartz
1 6/296 11,95 17.82 1,10 - 11.55 - 9G.92
2 6/297 9.86 22,63 3929 0.51 6.38 1.38 989097
g 5/180 * 8.79 20,20 51.84 4,00 14,75 C.62 100.00
4 6/301 22.58 16,36 13.34 - 29,08 28.62 99,88
= 5/179 12.77 8.C4 72,63 - 6.42 0,13 99,59
6 6/302 22,95 - 44,12 - 12,71 20.19 9%.97
7 6/303 14.32 9.74 52,14 - 9.10 14,86 100,16

Location: 6/296,6/297 -
5/180,6/301

* Minor amount of garnet present

]

Uttark-shi road

5/179,6/302 - Khattukhal,

6/303 - 0,5 km,

SW Painkhal.

Along Singuni-Margaon mule track.

section ndar milest one 75/1.
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variations in black,dark grey,greyish green and buff shades mark the strong
and conspicuocus schistosity in the augen mylonites(¥ig,177 ). The mineral
orientation of quartzo~feldspathic and micaceous minerals and grooving on the
foliation planes define a strong penetrative lineation(Fig.174), Along the
road the quartz veins are occasionally and irregulerly injected parallel to

foliation planes,

The ultramylonites are exceedingly fine grained and occur as dark grey
and black stringers,streaks and laminations in the augen mylonites and can
be identified in the thin sections. The occasional occurrences of the augen

schists are light greyish green, micaceous and talcose with numerous

greyish,coarse grained,transluscent quartz and white,rounded feldspar

augens(Fig, 176 ),

The mylonites are directly overlain by metabasicsbetween Khattukhal
and the Uttarkashi road but a small»patch of schistose sericite quartzites
occurs in between these rocks along the Singuni-Margaon mule track(Map 6).
The contacts Wité overlying rocks are sharp without any assimilation of the

material,

The mylonites are strongly foliated and dip 25-60° in the S and SW
directions,The conspicuous penetrative lineation is developed on the folia-

tion and plunges consistently 35 -40° in the S 30° W and SW directions,

4,4 MICROSCOPIC CHARACTERS

Table 12 = oresents modal analysis of some of the representative

samples of the mylonites,

4,4 =1 Augen mylonites

Texture - The texture is strongly schistose and exhibit profound
cataclastic effects with recrystallisation of the original cataclastically
deformed constituents in which sometimes it is even difficult to identify

the cataclastic effects, However, the relict original minerals are still
L
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Preserved as quartz and feldspar porphyroclasts,

Mineralogy - These essentially consist of porphyroclastic quartz and feldspar
which are embedded in a fluxion type of very fine grained and banded ground-
mass of sericite,chlorite,biotite and quartz alternating with well recrysts-
1lised large muscovite flakes., A few porphyroclasts of pink garnet are also

seen, The accessory minerals are the iron oxide and zircon.

Quartz - It occurs as (i) coarse augens and (ii) fine granulated mass. The
quartz augensS(9 -147%) are coarse grained (0,25 - 2.5 mm,) and are sometimes
stretched into eiongated lenses. These are arranged en-echelon with the crest
of an augen lying at the 'tail' of the other and are generally doubly convex

in shape with a few concavo~convex types.

The quartz augens are strongly undulose and are granulated into
small pieces which coalesce with each other into mortar texture (.Fig.224),
The margins of the augens are indistinct due to the presence of fine quartz
grains(0,03 - 0.065 mm). The granulation effects are more pronounced near the
tails and 1n\the crestal parts of the augens., A few discrete fractures run
across in many of the quartz augens and are generally oriented obliquely to
the foliation, The fractures are marked with fine quartz grains,which in their

advanced stage of development even separate the augens into different segments.

The granulated fine quartz is mostly associated with sericite in
the groundmass, The individual grains are eguidimensional with mild undulose
extinction and indistinct contacts, but at places it is incipiently elongated.
Generally the granulated quartz coalesces with the augens around the margins

and fractures indicating profound granulation of the augens, At places quartz
veins cut across the feldspar augens (Fig.223).

Feldspar (16 -22%) - It occurs as medium to fine grained (2,00 - 0,065 mm. ),
rectangular,ovoid and augen shaped prophyroclasts. The feldspars are generally
assoclated with quartz augens in distinct bands and show preferred orientation

of twin planes, cleavages and perthite growths, The following varieties have
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been identified in the augen mylonites,

(1) Potash feldspar augens with brownish to colourless unresolvable
inclusions,

(11) Perthite porphyroclasts - intergrowth of colourless,twinned albite
(An, ) patches of the same birefringence and opticai orientation with cloudy

6

potash feldspar,

(141) Albite porphyroclasts (An,.) (Fig,223).

6
Feldspar generally shows mild undulose extinction,intragranular and
marginal granulation,microfracturing and displacemert of the twin lamellae
indicating the cataclastic effects(Fig,221). The porphyroclasts are marginally
embayed and lobed by sericite-chlorite felt groundmass and show marginal
replacement and sericitisation. At places, sericite even extends along twin

nlanes and fractures and in the advanced stage the porphyroclasts are gradually

lost in the groundmass(Fig. 222),

Sericite - It is light pale green ,emceedingly fine prained and strongly orien-
ted along the foliation, The flakes wrap around the porphyroclasts. Sometimes
randomly oriented dronlets and small sericite flakes are also met with along

the fractures,cleavages and twin planes in the feldspar porphyroclasts,

Chlorite (45 -66%)- Chlorite is generally essociated with seridte as tiny
greenish flakes in the groundmass and is identified by 1ts lower birefringence,
In the groundmass, sericite, chlorite andquﬂrtz(granulated) is about 45 -66%

of the rock,Another deep green,pleochroic variety of chlorite is somewhat
coarser in size and surrounds a few almandine porphyroclasts (Fig, 226),

Muscovite (1 - 28%) - Quartz -sericite - chlorite felt mass, at many places,
is found alternating and grading into well defined,colourless,folia of coarse

muscovite,

Garnet (Almandine)- A few grains are pink,fine graincc(0.75 - 0,065 mm, and

subhedral. It is strained,regularly fractured and is marginslly surrounded
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by chlorite and magnetite (Fig. 226),

Biotite (0.5 - 4%)- Riotite occurs as fine grained, light brownish,pleochroic

flakes and is seen grading to muscovite and sericite in the groundmass.

Accessory minerals-Minor amounts of magnetite near the periphery of garnets

and euhedral,dark brown,prismatic zircon are also present,

4,4 «2 Augen Schist

Though exhibiting some of the features of previcusly described augen

mylonites, the augen schists are marked with the following characters:

(1) The texture is tynically crystalloblastic with flattened quartz and
occasionally feldspar augens embedded in a groundmass of quartz,sericité

and muscovite arranged in alternating folia (Fig, 225).

(11) A few quartz augens are completely broken into small irregular mosaic

showing composite extinction(Fig,225).

(114) A few broken albite and potash feldspar augens are generally fine

grained and are mostly replaced by sericite,

(iv) The sericitisation of feldspar augens is a common feature and in many

cases these augens grade to the sericite-quartz felt in the gr-undmass,

4,4 «3 Ultramylonites

The ultramylonites generally occur as strzaks and stringers in the augen
mylonites. These are exceedingly fine grained,aphanitic,unresolvable brownish
mass along the foliation with black idotronic masses, In the reflected
light, these stringers are yellowish white with steel grey metallic lustrous

grains of {lmenite(?),

4,5 DISCUSSION
In the area, the mylonitic rocks conéisting of the augen mylonites,
ultramylonites and augen schists are found developed only along the Singuni

Thrust, The porphyroclastic nature of the rock and coarseness of the minerals
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like quartz, albite,perthite and potash feldspar,occurring as rectangular and
augen éhaned vorphyroclasts sugrest a nossible quar”z and feldspar porphy-
ritic character of the originai rocks Which may have "been emplaced along the
thrust and later deformed to the augen mylonites, Fence these augen mylonites
are not genetically related to the overlvying quartzites and underlying

slates and limestones.

Such deformed quartz and feldspar porphyritic codies and related rocks
my lonitised
e.g./migmatites,mylonites etc. have also been observed near or along some of
the thrust nlanes in the Lesser Himalaya(Heim and Garsser,1939; Pande,1956;
Das,1962,1966a) and along some other major faults azd thrusts e.g.San Audrees
Fault Zone (Walters and Campbell,1935), Great Glen Fault (Kennedy,1946;
Shand,1951; Eyle and MacGregor,1952), Moine Thrust (Lapworth,1885; Teall,19%6;

Harker,19503 Christie,1960, 1963)., Brevard Fatlt Zr .e (Bryant and Reed,1962;

Reed and Rryant, 1944) and Al :ine Fault(Suggate,1963; Reed,1964).

Heim and Gansser(op.cit.,p.27) noticed about 2800 metres thick,greyish-
green slaty(also porphyritic and gneissic)quartz pornphyry at Ramgarh which
has been later identified as migmatites and mylonitiscd migmatites(Pande,1956).
Simiiar slaty quartz vorphyry have also been found nzar the North Almora
Thrust at Chaukhutia(Heim and Gansser,op.cit., pp.47,57) and are now classi-

fied into mylonites and related rocks (Das,19664),

The development of mylonites along the Moine Thrust has been » matter
of controversy regarding their relation to the metamorphism of Moine Schists
along the Moine Thrust. It has been argued that (a) mvlonites were formed
subsequently to the regional metamorphism of Moine Schist due to cataclastic
deformation along the Moine Thrust (Horne,1930; Read,1931, 1934; Phillips,
1937, 1945) or (b) mylonites were contemporeneous tc the regional metamorphism
of Moine Cchist in the movement zone between Moine Mappe and the Foreland
(Lanworth, 1885; Peach,1930; Kennedy,1949; MacGregor,1952;Bailey, 1955 ;

Christie, 1960,1963),
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Christie(1960) concluded that the primary mylc-itic rocks originated
du:tng the regional metamornhism of the Moine Schist, Such a view is also
supported by the structural data(Christie, McIntyre ind Yeiss,1954; Christie,
1956,1963) whereas the secondary mylonitic rocks we=- formed during another

phase of deformation.

On the other hand the Brevard Fault Zone in Nevrth Carolina exhibits
good development of low grade retrogressively metam>rpheohosed phyllonitas,
blastomylonites and porphyroclastic blastouylonites from the gneisses and
highly metamorphosed schists (Bryant and Reed,1962; ieed and Bryanc 1964),
Megasconic and petrofabric studies of structural delormation along this “ault
Zone sugpest a sub-horizontal strike- slip movement of great magnitude which
has obliterated and rotated the structural trends of the adjoining areas

subparallel to the fault zone (Reed and Bryant,op.c-t.).

The difficulty in identification of cataclasti~ effects is apparent
from the descriotions of Shand (1951) and Eyles and MacGregor(1952), The
Great Glen Fault, according to Eyles and MacGragor(:p.citd, is marked by a
broad belt of cataclastic and mylonitic rocks for aiout 65 km. in length
whereas Shand(op,cit.),obgﬁrved a few minute lenticular veinlets of mylonites

which might have been originated in any ha-4 .ock tha: has been folded.

A new terminology and comprehensive‘accéunt of the mylonitic rocks
along the Aloine Fault, South Island,New Zealand ha- been given by Reed
(1964). Suggate (1963) observed development of fault pug,fault breccia and
shatter rock along the Aldine Fault due to the reccin* movement while
occurrences of cataclasites have been attributed to l:te Tertiary phase of

¥aikoura Orogeny and mylonites to late Jurrcsic Rangitata Orogeny (Reed, 1964),

Near the Singuni Thrust, a prominent foliatior dipping, towards the
southwest and an equally strong mica lineation plungng in the same direction
is developed both in the quartzites and mylonitic rocks, The lineation plunges

almost normally to the strike of the foliation and the thryst,It appears
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possibly'a'lin=ation in the direction of the tectonic transport as has
been opined for the mylonitic rocks along the North Almora Thrust (Das,1966a)

due to the main movement of the Almora Napne(3arkar et al,,1965),

As has been discussed in Chapter 2, the effec:s of cataclastism in
the overlying quartzites e.g.,strong undulose extinction,deformation lamellae,
composite and semicomposite characters of the quartz grains,decrease in
graln size,preferred dimensional orientatiocn,intragranular and marginal
granulation progressively increase towards the Singuni Thrust and are best
observed along the Singuni-Margaon section, These eifects appear to be some-
what identical along the Great Gren Fault (Walters -~nd Campbell,1935);
Glencoul Thrust(Crompton,1963); Moine Thrust(Harker,1955,p.166; Christie, 1963),
in the Ap-alachian quartzites, near the thrusts (Fcllows,1943) and in the
Precambrian Finnish quartzites (Hietanen,1938), Riley(1947) and Weiss( 1954}
obgerved similar cataclastic and recrystallisation effects in the quartzites
and other crystallime rocks. Walters and Campbell(1935) noticed the follow-

ing changes in the quartzites with increasing cataclastism:

(1) Fracturing of rocks into coherent ,megascopically visible breccia or
protomylonite,

(11) Develonment of tyoical mortar structure due to the shearing of quartz
grains,

(111) Intragranular shearing and granulation to a stage of development of
augens and lenticles,

(1v) Ultimate formation of the ultramylonites,

The mineral assemblage of mylonitic rocks along the Singuni Thrust
corresnonds to the green schist facies(cf,,Turner and Verhoogan,1960, »,533),
but the sporadic develooment of garmet,at places, indicates that the mylonites
were initially subjected to higher grades of metamorphism probably at greater
depth and pressures. The retrogressive metamorphic effects in these my lonites

(garnet-chlorite + magnetite,bfotite-muscovite and sericite) suggest a still
L]
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lower grade of metamorp*ism belonging to the quartz-albite-muscovite-chlorite
subfactes of the green schist facles., A possible range of temperature and
pressure for green-schist facies, as experimentally postulated by Fyle, et al,
(1958),may be 300° to 500°C and 3000 - 8000 bars respectively, It appears
possible that the shearing and recrystallisation ir these mylonitic rocks
even to higher (garnet zone) grade conditions may h-ave taken place under
stress conditions and later under lovwer metamorphic conditions at shallow

denths,

The predominance of augen mylonites over othex types of mylonitic rocks
indicate that the deformation is partly ruptural ani partly crystalloblastic

(Knopf, 1931; Reed and Bryant,1964),

The overlying quartzites have been subjected only to the lowest grade
of metamorphism with the development of quartz-ser.cite-chlorite assemblage.,
Their structural and metamorphic homogeneity with tuec mylonitic rocks indicate
contemporaneous develooment of these features which are more promounced near

to the thrust,

4,6 CONCLUSION
It may be concluded that (i) mylonitic rocks were probably emplaced
originally as quartz and feldspar porphyry al~ng the Singuni Thrust,(i1) the
metamorphic and structural effects were more prominert due to the thrusting
and (ﬁ;i) the mylonitic rocks might have been subjected initiallyto a higher
o

grode / metamorphism and later were metamorphosed at shallow depths during

the thrusting process.
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5.1 INTRCDUCTION

The present work in a part of the Bhagirathi valley region has brought
to noticé widesprexd development of metabasic rocks hitherto unreported.
This chapter includes their field characters, petrozrapty,metamorphism and
mode of emplacement, In addition, the salicﬁt featurcs of the metabasics from
Maneri in the Quartzite Formation have been briefly summarised for comparing
its @fneralogical textural characters in response to the increasing metamor-

phic grade from south to the north in the Deoban-Te ‘am Zone.

5.2, PREVIOUS WORK

A few metabasic bodies have been reported from the present area(Auden,
1936,1938,1949), though their occurrences as sills,dykes,lava flows and ash
beds appear to be widespread in Kashmir,'Symla,Garhwal and Kumaon (McMohan,
1883,1886,1887; Middlemiss,1890 a,b; Pilgram and Weet,1928; Wadia,1937;
Helm and Gansser,1939;Pande, 19499 Gansser,1959, 1964; Valdiya,1962,1965;

Kanwar,1966; Misra and Banerjee,1967; Das,1968 etc. ).

Auden(1936,1938) reported an epidiorite intrusive in the Deoban-Te jgn
Zone at Rari and other unspecified localities, Further, he pointed out
their amygdaloidal character in the Garhwal Group in contrast to their

non-amygdaloidal nature in the Simla-Krol Belt (Auden,1949).

5.3 METABASICS FROM THE PRESENT AREA

5.3-1 Localities and mode of occurrence - Theose metamorphosed basic rocks

occur as metadolerites,chlorite schists,amphibolites.amygdaloidal metabasics
and metadforfres and have been mapped at the following localities in the
present area (Map 3):

(1) Nagthat Formation- A 50 metres thick sill extends for about 2.5 km, along
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the strike of the formation at 3 km, SV of Laluri. Another small body 1s also

observed near Chapra,

(14) Dharasu Formation- A thick metabasic sill runs between Mason and Rari and

extends to Gangani along the Yamuna river.

(111) Quartzite Formation - Small impersistent metabasic sills and dykes are

noticed at (a) 1,5 km. ESE of Malli,(b) Dichli and (¢) milestones 75/0,80/0
and 80/4 along the Uttarkashi road.

(iv) Dbarasu Thrust - Impersistent metabasics are mapped at Ulya and Soman.

(v) Utterkashi Formation - These are mapped in Bareti Quartzite at Kot.

(vi)Dunda Thrust - A continuous metabasic body occurs along the thrust

between hill 2339 metres, Dunda and Kotf and extends upto Kutnaur along the
Yamuna river,

(vii) Uttarkashi Thrust - A sinuous metabasic outcrop is noticed along this

thrust between Jugaldi- Uttarkashi -Chaurikhal and extends upto Kupra along
the Yamura river,

Metabasic at Rari - A N-S and NW -SE trending,concordant metabasic sill occurs

in the basal Dharasu Formation slates between hill 2520 metres and Nagla on
the left bank of the Khurmola Gad and possibly tapers off at Mason,It extends

further northwest to the Yamuna river at Gangani .,

Near the lower margin,the metabasic rock is dark green,malenocratic,fine
grained, massive and nonfoliated with buff feldspars filling interstices
between hornblende prisms, But, at places,it is schistose and metamorphosed

to chlorite schists,

The considerable part of the body appears to be dioritic in composition
and 1s mesoeratic. ,medium to coarse grained, nownfoliated and massive with
quartz,feldspar and randomly oriented dark green hornblende prisms., Near the
upper margin many quartzo-feldspathic bands sharply permeate the slates and
vary from a few centimetres to 30C cm, in thickness (Fig,61 ), These are

buff medium to coarse grained comprising of quartz,feldspar and muscovite.
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The metabasics dip at about 40° due SW and W, Minor folding near the
upper contact is decivherable along the Dharasu-Barkot road between milestone
16/5 and 17/7 (Figs,62&63). lmmediately near the contact,the slates and
quartzo-feldspathic bands dip 50-60° due northeast(Fig,63 ), The metabasic
is highly weathered with yellowish encrustations and is extremely firable,
Exfoliation weathering,facilitated by jointing,is characterised by spherical

and elliosolidal balls upto 1 metre in diameterat the upper margin (Tig,139).

Metabasics along Dunda-Uttarkashi Thrust - The most widespread occurrences

of the metabasics in the area are along the Dunda and Uttarkashi Thrusts as
thin, linear and sinuous bodies in the thrust zonmes which separate the under-
lying Dunda-Uttarkashi Formations from the overthrust Quartzite Formation,

Their field and structural relationships have been claborated in Chapter 3.

Megascopically, the metabasics are dark greenish black,green and greyish
green with varying density,granularity and compactness. These are predomi-
nantly metadolerites,amphibolites and chlorite schists with a few occurrences
of amygdaloidal metabasics. The metadolerites are generally massive,dark amd
heavier than the schistose varieties. These are generally medium to fine
grained but the individual minerals are not indentifiable in most of the
snecimens(Fig, 169 ). A few samples of the metabasic hear Khattukhal

contain clusters of dark greenish black hornblende,

In pgeneral, the metabasics are poorly to strong’y foliated in character.,
The strongly foliated chlorite schists are locally doveloped near the margins
of the thryst zone and are crenulated due to strain-slip cleavages(Figs,170
&172)and its lineation (Figs,171& 173)bétwaen Kankrari,Dhanpur,Foeld and

Chaurikhal,

On the other hand, a few metabasic samples from Garh and Baun show dark
green,preferably oriented and elliptical shaped chlorite patches in light

greyish green schistose groundmass, Still a few others from Dunda,Pujargaon
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and Dhanour cons{sts of circular,irregular and partially filled amygdules
and vesicles with quartz and drusy white porcellaneous mineral(Fig,168 )
Some amygdules are lined with purple hematite & vary in size from 2mm, to

LS5 em,

5.3=2 Microscooic characters

Texture - The metabasics are generally fine grained but the coarser
varieties are more common near Rari. The original igneous textures are mostly
obliterated, While the partially enclosed plegioclase laths in augite(blasto-
subophitic) are occasionally preserved in coarser metadolerites,the blasto-
intergranular texture is more common in the fine grained amygdaloidal meta-
basics from Dunda,Pujargaon and Sankrona., In these varieties, the interstices
between the randomly oriented nlagioclase laths are filled with chlorite and
hornblende, The irregular'and circular amypdaloidal cavities are partially or
completely filled with quartz and feldspar and are sometimes marked with
purple ferruginous coating on minerals, The graphic growth of quartz and

feldspar i{s seen in a few thin sections of the metadiorites from Rari,

The minerals invariably show indistinct nnd gradétional boundaries fhus
rendering modal analysis ineffective, The new metamorphic textures are not
completely developed, The fibrous hornblende and chlorite flakes are in
various stages of preferred orientation in the metadolerites while in the
chlorite schists the foliation is prominently .developed due to strongly
oriented chlorite flnkes and is crenulated by strain-slip cleavagé ih many thin

sections (Fig, 232),

Mineralogy - The most common mineral constituents of these metabasics are
feldspar,hornblende and chlorite with variable amount of biotite,epidote,
zoisite,sericite,muscovite,calcite and quartz, The original augite has been
noticed only in a few thin sections. Quartz is an important constituent in the
metadiorites from Rari and chlorite schists, The accessory minerals are zircon,

apatite,ilmenite, leucoxene, sphene and hematite. o
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Augife - In these metabasics the mineralogical alterations are so complete
that the original augite 13 a rare occurrence. It is colourless to pink,
faintly pleochroic and occurs as relict hypidiomorphic crystal with good
prismatic and basal cleavages. The twinning on(100) plane is also noticed

in a few cases (F1g,228), The schiller structure in the pink variety is well

defined due to small,opaque and preferably oriented iron oxide(?)rods,

Only rarely augite alters to acicular uralite nlong cracks and periphory
near the contacts with plagloclase, Also of minor occurrences are the parti-
al psuedomornhs of brown hornblende. containing colourless,relict aupite
pathces with common cleavage direction and gradational margins,These patches
extinct at about 45° indicating the optical continuity of the original augite,
Sometimes complete pseudomorph of bluish green hornblende with crystal
habits of augite are also met with (Fig,227 ), More commonly augite grodes
partially or completely to pale green hornblende(Fig,227),green biotite or

thlorite (Fig, 229).

Hornblende - Varizble amount of hornblende is ubiquitously distributed in

most of the metabasics and decreases in percentage in chlorite schist.

and. unper portions of the metabasic at R-ri, In the fine gralined metabasics
from Pujargaon and Dunda,it is intergranular and prismatic in character. More
commonly, it 4s in the various stages of alteration and preferred orientation
along tte foliation planes as tabular crystals and fibrous ssbestiform

subparallel aggregates with frilled margins,

(1) Brown Hornblende - A few tabular hornblende crystals show pleochroic

brown core(X= pale yellow, Y = pale brown, Z =brown; Z>Y >X ) with extinction
unto 30 -35°, These even contain a few augite relicts, The brown hornblende
1s medium size and subhedral with good basal and prismatic cleaveges, It is
surrounded by a green bluish green actionlitic variety(Fig.230) and chlorite
which have indistinct and gradational contacts with the brown variety, It

shows higher relief and stronger birefringence than the green hornblende.
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(11) Uralite - It occurs rarely as pale bluish green acicular fibers
along cracks and cleavages and 18 oriented normal to the relict augite

boundnries,

(111) Bluish preen and green actsnolitic hornblende -TheSe are most common

varieties of hornblende and occur as subhadral plates with frilled margins,
The bluish green hornblende is moderately pleochroic (X = yellow green,
Y = green, Z = bluish green, Z>Y > X) and shows an extinction unto 20°,
Wherever good petrogenic relations are seen, the bluish green variety borders
the brown hornblende (Fig.230)and sometimes even contains the relict augite
inclusions. It even pseudomorphs completely after augite with the preserva-
tion of basal cleavage (Fig,228). It changes to pale green colour ~nd looges
its birefringence,pleochroism and relief,The p=le green hornblende develops
frilled margins. It is either surrounded by chlorite(penninite or prochlo-
rite) or brownish green biotite (Fig,231),

Feldspor - (1) Plagioclase - It occurs as medium to fine grained and hypidio-

morphic laths, The boundaries are generally ill defined and corrug~ted near
hornblende due to the reaction, These are sometimes elongated with strong
undulose extinction and are cataclastically deformed., Rarely,the twin planes

are bent and fractured.

The original composition of the plagioclase is only rarely known
which is sodic 1abradorite(An50) with extinction upto 30-32° on(010) plancs.
More commly, it is albite(AnB_lo) or sodic oligoclasc (An13), (extinction
between 8-13" on (010)3. Many plagioclase laths occur in blasto-subophitic

fashior and are partially enclosed in the hornblende nlates but many are

randomly oriented in the blasto-intergranular fine grained varieties,

The laths are highly riddled with numerous zolisite,sericite and rarely
muscovite and calcite inclusions, The polysynthetic twinning is poorly deve-
loped. In many cases the zolsitic granules are uniformly distributed

throughout the laths but in others, these are concentrated glther in the
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cores or near the margins,

(41) Alkali feldspar - It is only observed in the metadiorites at Rari

and 1s subordinate to plagioclase, It occurs as subhedral,pinkish cloudy
grains with a good cleavage. Sometimes it {is grankically intergrown with
quartz and even nerthitic growths with albite are also seen in a few thin

sections,

Biotite - (1) Brown biotite - A straw yellow to reddish brown, strongly pleo-

chroic, subhedral variety of biotite occurs as distinct flakes with iron oxide
inclusinns in the metadiorites at Rari,

(11) Brownish green biotite - A pale green to brownish green,moderately

pleochroic biotite is more common and is genarally found as fine flakes along

cleavages and margins of the green hornblende,

(111) Creen biotite - It is fine grained with distinct pleochroism from

light pale green to green colour, It is general'y interfoliated with chlorite

and i{s detectable only by its higher birefringence and'absorption. Yherever all
stages of reolacement are developed,this variety is seen surrounding brownish gree:
biotite and,in turn is bordered by chlorite. In other cases,the green biotite

directly fringes the preen hornblende,

Chloritg - Chlorite is an important const{ituent of the metabasics and 1s abundant
in the schistose varieties. It occurs as pale green to green,faintly pleochroic
flakes with abnormal interference colours and is penninite.The other common
variety shows grey and pale colours of the first order and appears to be #
prochlorite,It is generally seen along . cleavages and periphery of the green
hornblende (Fig.231 ) and augite(Fig,229 ). The complete chlorite pseudomorphs
after hornblende 1is a rare occurrence, It even interfoliates with green biotite

and hornblende, In the chlorite schists, it occurs as fine grained,preferably
oriented flakes which are sometimes crenulated due to the strain-slip cleavage

¥ig.232), .
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Quartz. e Minor amount of granoblastic quartz is prasent in all t%e metabasic
varieties,It is abundant 1{in the metadiorites at Rari and chlorite schists,

In the metadiorites,it is abhzdral,medium to coarse grained. At places, it

exhibits strong undulose extinction and {s stretchad along the foliation,
Rarely 1t is interstitial between the plagioclase laths, At daces,in the

metadiorites at Rari,quartz is araphically pgrown with feldsnar,

Zoisite - Many plagioclase laths show fine grained,dark hrown clusters of
highly birefringent zoisite granules, These are either uniformly distributed
within the plagioclase or more rarely concentrated alonp margins or in

the core of the laths,

Sericite - Sericite ocecurs a8 fipe,preferably oriented flakes along cleavages

and twin -lanes within the plagioclase laths,

Muscovite - A few colourless muscovite flakes characterise the metadiorites

at Pari in the interstices between quartz and feldspar,

Calcite - Colourless,xenoblastic and preferably oriented calcite patches are
observed along the foliation in some amphibolites. Calcite is generally

associated with enidote,

Epidate - Small,colourless to Pale green,idioblastic to xenoblastic epidote
grains are sometimes enclosed in the plagioclase laths or associated with

chlorite, In a few cases,thin epidote veins cut across the grain bound-ries,

Apatite- Minor amount of minute euhedral,hexngonal,stubby prismatic with basal
partinegs and long slender crystals of apatite are common in all the types of
- metabasics. The hexagonal variety is preseont in biotite and hornblende while

the long slender crystals oceur in the quartz filled interstices.

Zircon - Minute,colourless,euhedral orismatic zircon with dark margins occurs

only rarely as inclusfons in hornblende and quartz 1{n the metadiorites.
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Sphene - Fine clusters of dark brwwn birefrinpgent granules of sphene are

observed as irclusions in chlorite and along the ilmenite.

Hematite - Fine ourple hematite is dissemin-ted in albite and quartz along the

walls of some amypdules,

Ilmenite-Leucoxene - Ilmenite occurs as subhedral ,tabular and skeletal

hexagonal crystals with stcel grey matallic lustrucus bars in the reflected

light, Along the margins it 3lters to pPale white leucoxene,

5.4 METABSIC FROM MANERI

5.4-1 Occurrence - The thick metabasicintrusive in the Quartzite Formation at
Maneri is observed along the Bhagirathi river in thc northern part of the
Deoban-Teiam Zone near the Central Himalaya. It is dark greenish,medium to

fine grained and well foldeted schistose rock and become gneissosz in the
northeast due the segpregation of plapioclase lerticles, The foliation is
characterised by preferably oriented dark green horrblende and dips 30-35° due
N and N60°E, The incipiently developed mineral lineation due to the hornblende

prisms nlunges 20-45" in N1O°E to N 75°E direction,

5,42 Microsconic characters

Texture - The metabasics show nematoblastic texture with preferably =s
well as randomly oriented hornblende prisms along the foliation, At places,
the porphyroblastic growth of hornblende and oligoclase has also taken place
with numerous quartz and biotite inclusions. The grains marginrs are not
distinct.

Mineralogy (i) Hornblende - The preferably oriented prisms of dark bluish sreen,

pleochroic hornblende(X - straw yellow,Y = yellow przen, Z - decp bluish green)
show higher relicf and birefrincence than the hornblende from the present area,
Its extinction is upto 16°. The porphyroblastic,nediun size hornhblende

contain numerous quartz and biotite inc'usions.
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(11) Oligoclase (An28) - It is generally colourless and xenoblastic in
the foliation planes but a few porphyroblasts are also seen'disolacing the
foliation. These contain numerous clinozoisite,blotite and hornblende inclu-

sions,

(111) Quartz -~It generally accurs in the foliation as graroblastic grains
with straight extinction, A few grains of quartz are also incipiently

elongated,

(iv) Biotite - It is straw yellow to deep brown, strongly pleochroic as

tiny flakes in the foliation.

(v) Chlorite - Small pale green flakes of chlorite ocecur around prophy-

roblastic and prismatic hornblende margins,

(vi) Clinozoisite - It is seen as greyish,well crystallised,fine clusters

in the groundmass and . porphyroblasts of oligoclase and exhibits anamolous

blue interference colours,

(vii) Ilmenite and sphene - Dark brown, fine grained stringers of sphene

occur around re'ict opaque,black ilmenite in the foliation,

5¢5. MINERALOGICAL CHANGES AND METAMORPHISM OF BASIC ROCKS

The petrograshic study of these metabasies has revealed widespread
mineralogical and textural changes due to the low grade metamorphism. A few
relict igneous minerals and textures are invaluable in the petrogenesis of
these metabasics, A typical example of the following mineralogical changes 1is

the metabasic body at milestone 75/0 along the Uttarkashi road:

(1) Calcic plagioclase- albite(sodic oligoclase)+zoisite+sericitetquartz
(11) Pyroxene- hornblende- biotite -chlorite
(11i)Ilmenite ~leucoxene -sphene.

5.5-1 Calcic plagioclase-albite(sodic oligoclase)+zoisite+sericitetquartz

Profound saussuritisation or low grade metamorphism of original calcic
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plagioclase laths(labradorite-Anso)'has produced an apgpregate of minerals
which, in many cases, siﬁulate the lath boundaries.The zoisite granules are
mostly concentrated along the margins and are useful in deciphering the lath
contacts., The plagioclase is mostly albite-sodic oligoclase(An13) but . the
fdrmer(An3_10) is more common. Sericite is seen alon~ the cleavages and twin
planes.

With increasing metamorphic effects, the plagioélqse laths apn=ar leas
distinct and a few new minerals are formed due to the chemical reaction
between the plapioclase and mafic minerals. In the initial stages,epidote
apnenrs as fine granules around the plagioclase laths. At this stage,scattered
xenoblastic calcite also develops in a few cases. With the appaarance of
folintion, zoisite of plagloclase laths disappears and give place to enidote

and calcite.

Wi{seman(1934) observed that albite(an_, ,) is the characteristic plagio-

-4
changes to a more caicic plagioclase with increasing
clase in the chlorite zone and/progressive metamoro™ism of the basic rocks ir

the garnet zone (also Philips,1930), Accordingly, Uiseman suggested that
anorthite of the original basic rocks is partially cr completely used in the

formation of epidote and albite.

3 Ca h1281208+ Cal + H20 - 2 CazAl3 (SiOA)jOH

4 ’ H =, Fe y )
4 Ca AIZSizC + 20 2 Ca2\13(5104)30H+A120 2 5102

+
8 3

Due to a change in - plagioclase composition, the following authors

have successfully worked out the grade of metamorphism of the basic rocks:

(1) Transformation of albite-epidote assemblage to a lime plagioclase
from epidote-amphibolite to amphibolite facies (Eskola,1939; Barth,1951;

Ramberg,1952).

(11) Abrupt change of albite(Ano 7) to oligoclase (A ) (Turner,1958;

"15-30

Noble,1962) and a sharp break from Ans to An (de Waard, 1959), Anlo to Anzo
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(Lyons,1955) and An12 to Anls (Compton,1955) in the plagioclase composition
of the metamorpbnsed basic rocks from the green schist to almandine-amphi -~

bolite facies,

In the “ichigan and Vermont-Hampshire terrains, alhite 1s widespread in
the chlorite zone of progressively metamorphosed basic rocks and changes to
oligoclase near the upper limit of the biotite zone(James,1955; Billings and

Thite,1950),

Thus the plagioclase composition(An3_10) in the metabasicSof the
Uttarkashi region indicatesthat these are mostly metamorphosed to green
schist facies though a slightly higher grade is also indicated by sodic oligo-

! ).
clase (&n13

The metabasic at Manmeri in the Garhwal Group near the Central Himalaya
is marked by calcic oligoclase(Anzs) thus indicsating a higher grade of
metamorphism., This can be placed in the staurolite-quartz subfacies of the

almandine-amphibolite facies(Turner,1958, p,229,)

In the Lesser Himalayan region of Pithoragarh,Valdiya(1965) obscrved
albite in the metabasics of the bosal Berinng Quartzite sequence while *
main bulk of the basic rocks is metamorphosed to biotite zone with oligo-
clase-andesine (An28_34) as the characteristic plagioclase, While albite and
oligoclase are found only in the basic rocks of the Chamoli Quartzite along
the Alkananda river, andesine and labradorite are common in the metabasics
and amphibolites of Simla-Krol Relt,crystalline zone and thrust bound

basic rocks of the Kumaon region (Heim and Gansser,1939,pp.52-61),

Zoisite and sericite are common in the metabasics of the orasent area,
Its paragenesis may be represented by the following emation (Deer,et al.
1963% , p.190),

S +Ca (OF - 2 Ca_A
3 Ca A12 51,0 a ( H)z C32f12 S1_0__(0H)

312
Anorthite Zoisite

8
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5,5=2 Pyroxene- Hornblende - Biotite - Chlorite

In the present case, one of the important and widespread mineralogical
change is gradual alteration of original pyroxene of the basic rocks to chlo-
rite through the following stages: augite — brown hornblende — bluish green
hornblende (actinolitic)— fibrous pale green hornblende — brownish green

biotite ~ green biotite — penninite —chlorite (undifferentiated),

In the initial stages, a fine acicular pale bluish green uralite forms
around the periphery of augite where the metamcrphic effects are incipient,
But in g fawcases the relict ~ugite has been observed partly or completely
enclosed by brown hornblende which appears to be pseudomorph after aupgite.The

cleavape directions are generally common to both augite and brown hornblende,

In the second stage, the prismatic and fibrous variety of bluish green
and green actinol;Z}ﬁornblende is developed. The contacts between the brown
and bluish green hornblendes are gradational; the prismatic cleavage of the
former passes uninterruptedly to the blush green hornblende. The latter
appears to be developing from the brown hornblende. The actinolitic variety
completely replaces the brown hornblende =2nd in thet case, ‘t encloses
relict cugite or may even replace aupite. Generally the bluish green actino-

litic hornblende becomes pale green and fitrous near the margins and gradually

looses {its colour,

In the next stage, the brownish green biotite develops as fine grained
flakes along the cleavages and periphery of bluish green hornblende. It
appears to have formed earli{er than the green biotite in the mineralogical

sequence,
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The alteration of bluish green hornblende to green biotite is more
frequent than to the brownish green variety, When all stages are developed,the

replacement of brownish green biotite by green variety is also s-en,

The last mineralogical transformation in the series 1s the formation of
two varieties of chlorite i.e,, penninite and prochlorite(ordinary chlorite).
erninite has been observed along the cleavages and periphery of the bluish
green actinolitic hornblende and is 2lso interfoli-ted with the green fibrous
hornblende. The prochlorite occurs as fine flaky asprepates along periphery

or cleavapes of green hornblende and biotite,

(1) Uralite - Uralite,an acicular fibrous light pale bluish green variety
(Deer,et al,,1963a) has been occasionally seen in the metabasics of the
present area. The formation of uralite (uralitisation) may take place by the

following processes:

(1) Hydrothermal activity during the late stage of crystallisation of
magma (Deer,et al,, 1963g ,p.307; Hatch, et al,,1951,p.298),

(11) Retrogressive dynamic and thermal metamorp-ism(Harker,1950,pp.107,
174,357),

(i1i1) Low grade regional metamorphism (Wiseman, 1934),
The presence of uralite in the metabacics alony; cracks,cleavages and
margins of aupite indicatesthat uralite has possibly formed due to the
hydrotharmal action of water enriched magmatic fluidsiorduring the initial

stages of metamornhism,

(11) Actinolite and hornblende - A variety of hornblendes are developed

during the metamorphism of the basic rocks in the green schist and almandine-

amphibolite facies and have been extensively used in the metamorphic zonation,

Thouph a strongly pleochroic,dark bluish green hornblende has been

observed directly forming from pyroxene in the initinl stages of metamorphism
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(Sutton and ¥atson,1950,1951), a pale green to bluish green actinolitic
hornblende as irregular plates with frilled margins,is the most frequent
variety in the green schist facies(Tilley,1928,1938; Wiseman,1934; Turner,
1935; Hutton,1940; James,1955). It has a low refrective index(Vogt,1927;
Eskola,1925; Yiseman,1924) and thus resembles with those from the metabasics

of the area,

Generally, the colour of hornblende is related to the grade of metamor-
ohism (Deer,et al.,19634,p.307). A pale green actinolite is characteristic
of the lowest grade metamorphism ~nd coexists with hornblende while the bluish
green and greenish brown hornblende are typica! of intermediate and higher
zone respectively (Wiseman,1934; Esko'a,1952; James,1955; Shido, 1958; Engel &

:‘:nge’..lﬂ 620 -

Yi{seman (1934) suggested a simultaneous origin of hornblende and chlorite
from the original pyroxene and feldspar in the SY Scottish Highland epidio-
rites in contrast to the formation of hornblende from chlorite in the Start
Green Schist (cf,, Tilley,1923), He maintained that ‘when a basic rock under-
goes low grade repional metamorphism, the anorthite molucule of the original
plagiocalse is partially or completely used in the production of hornblende
and chlorite from the original pyroxene", The whole reaction must be facili-
tated by abundant water, Thus a common assemblage of hornblende,chlorite,
epidote,albite and sphene is characteristic of low crade metamorp-1sm of basic

rocks (Wiseman,op.cit.).

The retrogressive metamorphism also appears to be an important factor
in the production of hornblende and chlorite from plagioclase and pyroxene
of the original basic rocks and may develop chlorites, calcite . biotite and
white mica(¥iseman, op.cit.).

The metabasics from the area develop different amphiboles under low

grade metamorph-ic conditions. The brown hornblende is fringed by 3 bluish
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green actinolitic hornblende which is frilled to colourless and pale margins,
It is evident from the enclosed augite relicts that the low grade metamor-
phism of the original augite and plagioclase assemblage has initially
produced a brown hornblende in minor ameunt which is later converted to the
characteristic actinclitic variety. In the presenc case,the actinolitic
hornblende has been apoarently found developing from (1) augite,(ii)brown
and chlorite from (i) augite,(i1) brown horrblende,
hornblende,/ (1i1) bluish green actinolitic hornblende and (iv) green biotite,
Hence it is difficult to point out precisely the products of progressive and

retroeressive metamorphism which appear to be closely related (cf,,Pande,

1949),

The emplacement of basic rocks along the thrusts and shear zones during
the orogenic movements will evolve intense retrogressive metamorprism and
the evidence for which are not lacking, Many of the metabasics are fine
grained chlorite schists which may not be due to chilled margins but
sheared contacts (cf., Poldervaart,1953; Engle and Engel,1962;Nair,1968).
The effects are more pronounced in thin metabasic bodies along the Dharasu
and Main Central Thrusts, These contain chlorite,quartz snd albite thus

indicating profound retrogressive metamorphism,

A higher grade of metamorphism 1s indicated by -iore intense colouring
of hormblende in metabasic at Maneri which can be placed between upper

biotite and garnet zones.

(1i1) Biotite - Various shades of biotite havc been observed due to
hydrothermal alterations(Schwartz,1958), dynamic (Yiseman,1934) and
thermal -regional metamorphism of the basic schists(Tilley,1924,1926;

Phil'ips,1930; Shido,1958; Miyashiro,1958; Engle and Engle,1962).

The characteristic biotite from the area is brovnish green. and green,
though the poyrogenic deep reddish brown biotite 1s occasionally present in

the metabasics at Rari, As has been previously mentioned, the brownish
L ]
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green variety appears to have preceded  the green biotite and develops from
bluish green actinolitic hornblende. The observation that hornblende changes
to biotite which, In turn, alters to chlorite has been made by several

workers and is attributed to shearing (Wiseman, 1934),

The deep brown biotite characterises the metabasics at Maneri.This can
can be well correlated with increasing grade of metamorphism as also eviden-

ced by other textural and mineralogical changes,

In the Lesser Himalayan region of Pithoragarh, the green biotite has been
noted in the basic rocks from the basal Berinag Quartzites and brown biotite
from the main sequence 1in the chlorite and biotits zones (Valdiya,h1965).

It 1s also likely that biotite and chlorite retroprade after hornblende in

the metabasics of the present area(cf., Pande,1949),

(1v) Chlorite - The chlorite rich assemblages in the low grade metamor -
phosed basic rocks are widespread (Wiseman,1934; Tilley,1938; Hutton, 1940;
James ;1955; Shido,1958; Miyashiro,1958) and appear to be dependent upon the

accessibility to Hy0 + 002 solutions(Turner,1935; Tilley,1938),

Chlorite is an important constituent of the metabasics of the area
and is minor in amount in the metabasic at Maneri. The chlorite which
fringes the pyroxene is nossibly formed during the progressive metamorphism
along with hornblende in these metabasics. The other types which appe~r to
have been derived from hornblende and biotite might have developed during the
retrogressive phase (“iseman,1934; Pande,1949; Tilley 1938) opined epidote

as the most likely source for the alumina needed inr the formation of chlorite,

Actinolitic hornblende + epidote — chlorite + Cal + 3102

5.,5=3 Ilmenite =~ leucoxene — S&phene

Another mineralogical transformation includes ilmenite of the origin-l
basi rocks, It develops skeletal bars in the brownish leucoxene mass in the

metabasics and sometimes changes to granular snhene.
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5.6 METAMORPHIC TRENDS

The various authors hove worked out different metamorphic trends in the
basic rocks after Teall's (1885) observations on the transformation of a
dolerite dyke into amphibolite, Wiseman (1934) idencified following three

zones in the normal trend of metamorphism of basic rocks:

(1) Chlorite and biotite zones - chlorite,pale green hornblende, .epidote,
albite,; igneous textures preserved,

(11) Ga-net zone = oligoclase- andesine,dark green hornblende; original
textures destroyed,

(111) Silliminite zone - diopside, garnet; original textures destroyed,
Wiseman's(op.cit) normal trend of metamorphism of basic rocks have been
found widely occurring in other parts of the world(Tilley,1938; Eskola,1939;
Turner,1948; Pande,1949; James,1955; Shido,1958; Miyashiro,1958;Barnes,1959;
Das,1968), On the other hand, Sutton and W2tson(1951) obServegzgfﬁish graen

hornblende and andesine directly developing from pyrcxene and plagioclase
in the initial stages of metamorphism with the prescrvation of the igneous
textures. In more advanced stages(stage 4), the metamorphic trend merges with

Yiseman's normal trend with the formation of andesine,dark bluish green

hornblende with marked schistosity and lineation,

Turner(1935) observed different green schist mineral assemblages in the
basic rocks under varying H20 and CO, conditions. The failure of basic rocks
to respond: to metamorphism of the country rocks 1s mainly due to the
accessibility of water (Poldervaart,1953). Hence it seems possible that the
three metamorphic trends as visualised by Sutton and Watson(1951)may possibly
depend upon the water content rather than to the changing pressure and

temperature conditions(Wilcox and Poldervaart,1958},

The metabasics of the oresent area show the normal trend of Wiseman(1934)

with minor differences and develop the following mineral sssemblage:
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Pale-
/bluish green actinolitic hornblende - albite - oligoclase - chlorite-

epidote - ( brown hornblende- quartz - biotite - calcite- {lmenite),

5.7 MODE OF EMPLACEMENT

5.7-1 Other regions of the Lesser Himalaya - Many basic rocks and their

metamorphic derivatives have been reported from the Lesser Himalayan region
between Simla and Kumaon. The opinions regarding their mode of emplacement

may be grouped as fellows:

(1) Basic rocks as intrusives into the country rocks as sills and dykes
(Pilgrim and West,1928; Auden,1934a, Pande 1949; Addy,1967; Bisaria 1967;
Das,1968; Dutta,1968; Pande,1968; Bisaria and Saxena, 1968, Pande and

Kumar,1969 ; Kamwar,1966,1969; Pande and Chadha,1969),

(11) Contemporaneous emplacement of basic rocks during sedimentation as
ophiolites(Gansser,1959, 1964;Valdiya,1965) and tuffs (Misra and Baner jee
1967).

(114) Tectonically controlledoccurrences along thrusts and shear zones(Heim
and Gansser,1939; Gansser,1959; 1964; Valdiya,1962,1965; Misra and Banerjee,

1968; Pande,1968).

(1) Basic rocks as intrusives = Pilgrim and West (1928) considered horn-

blende schist and amphibolite intrusives in the Jutogh Series as older than
the recumbent folding and metamorphism of the rocks while Kanwar(1966)and
Bisaria (1967) opined that these amphibolites were intruded before the depo-

sition of the Chail Series,

Many small intrusives sills and dykes of the basic rocks have been found
in the Mussoorie region of the Simla-Krol Belt (Auden, 1934a; Singh,1966;
Salapaka,1966). Pande (1949) observed such an epidiorite sill at Ramgarh,
which has contaminated the adjoining quartz porphyry to quartz diorite,

Das(1968) reported many small metabasic sills from Dwarahat-Chaukhutia

area in the western part of Almora-Dudotoli thrust sheet,
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Heim and Gansser(1939,p.49; Auden(1937), Dutta (1968) and Pande (1968)
observed many metamorphosed intrusives in quartz:tes of the Chamoli and
Pithoragarh districts, Auden(1949) emphasised their amygdaloidal character

in the Deoban-Tejam Zrne in comparison to their ron-amygdaloidal nature

in the Simla-Krol Belt,

(11) Contemporaneous with sedimentation - Receatly, Gansser (1959,1964)&
Valdiya (1965) viewed some of these basic rocks of the Deoban-Tejam Zone
in the Kumaon region as ophiolites being pencc ntemporaneous with °
sedimentation. The lack of contact effects and their occurrences as alter-
nating concordant sheets in the country rocks favour this hypothesis. How-
ever,Valdiya(personal communication)now considers these as non-ophiolitic
in character.

(411) Tectonically controlled @ccurrences - Ar interesting feature of

the geology of the Kumaon region is tectonically z-ntrolled occurrence of
some of the basic rocks along the thrust planes and shear zones, Heim and
Gansser(1939), Gansser(1959,1964), Valdiya(1962,19565),Das (1968 and Misra
and Banerjee (1968) observed that Almora-Dudotoli,Baiin~th and Askot crysta-
lline thrust masses, Main Central Thrust, Singali and North Almora Thrusts
are bordered by thin persistent metabasics., Though the normal contacts
between qugrtzites and calcareous rocks of the Deoban-Tejam Zone in Ragesh-
war-Pithoragarh areas are sometimes marked with thc metabasics(Valdiya, 1962,
1965; Misra and Banerjee,1967,1968), these appear to be faulted along which

the metabasics are emplaced in the Kanalichina arc~{(Pande,1968),

5,.7-2 Metabasics of the present area - The present area shows widespread

development of metabasics which are mainly confines to the Garhwal Group

rocks, These have been observed as (i) concordant and discordant intrusive

dykes
sills and/(ii) tectonically emplaced metabasics,

1
Many of the smaller metabasic bodies are broacdly concordant as these

generally follow the strike of the country rocks bu: show gngular
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discordance in the amount of dips. The examples of such bodies are (1) meta-

basics at milestone 75/0 on the Uttarkashi road (Map 6 ) and (ii) metgbasics

northeast of Dunda at milestone 80/0 (Map 7 ). In the former case,the litho-
logical units are also even cut by the metabasic. In this connection, it 1s
noteworthy that Misra and Banerjee(1968) observed that ‘'very often these
basic rocks show structural discordance with the metasedimentaries ..."

in Bageshwar area,

The contact effects are generally lackingiupon the country rocks possibly
due to the fact that many of these bodies occur in pure quartzites. The
metabasic at Rari is fine grained at the lower margin and has sporadically

metamorphosed slates of the Dharasu Formaticn (p.46).

The most important occurrences of the metabasics are along the Uttarkashi
and Dunda Thrusts which are characterised by persistent metabasics extending
extending upto Yamuna river for about 25 km. The ficld and structural feat-
ures of these metabasics have already been discussed in Chapter 3. Consider-
ing that the contact between the Quartzite and Uttarkashi-Dunda Formations
1s a folded thrust(Chapter 3, p. 94), the following possibilities may exist

for the occurrence of the metabasics along the thrust:

(1) Metabasics were emplaced along the zone of weakness concomittantly
during the thrusting,
(11) Metabasics were intruded along a pre-existing zone of thrust
plane,
(111) The metabasics themselves constitute a distinct thrust slice,
bounded above and below by two low angle thrusts.,
(iv) The metabasics are one of the lithological unit of the Quartzite

or Dunda-Uttarkashi Formations,

The fourth possibility is simply ruled out due to the structural rela-

tionship with the rock units especially along the Dunda Thrust where the
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metabasics show =2 regional discordance with Dunda and Quartzite Formations

(Maps 3 &7; Figs.52 & 59),

The third possibility that the metabasics form a separate thrust slice,
bounded above and below by two thrusts will unnecessarily complicate the
Structure When the relati-~nships can easily be explained even by assuming the

the presence of a single plane,

The following evidences strongly suggest the first possibility that
the metabasics wereemplaced along the Dunda-Uttarkashi Thrusts during the
thrusting movements:

(1) The metamorphic effects upon the rocks are maximum near the thrusts
where the metabasics are absent or very thinly developed e.g,alonp the
northern margin of the Uttarkashi Thrust between Hinna,Netala,Gangani and at

along the southern margin
Gankronai;rhough the lithology is almost the same, the metamorphic effects

are minimum where the metabasics are relatively thick along the Dunda and

Uttarkashi Thrusts e.g., at Odalak. ,Dunda,Jakhni and Ratulisera.

In the second alternative,the metamorphic effects should have been
uniformly distributed if the metabasics werc intruded along a zone of

weakness and later met amorphosed,

({1i) Lithological contacts,faults and fold axes are some of the other
possible zone of weaknesses in the Dunda ~nd Uttarkashi Formations but there
is no development of metabasics along these zones. This bespeak in favour
of the first possibility that the metabasics are emplaced during the thrust

movements,

(1ii) The development of more schistose varieties e,g.,amphibolites

and chlorite schists near contacts with the formations indicates more

intense deformation along the margins whereas in the latter case, the meta-

basics should have developed chilled margins,
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(iv) The development of foliation indicates that the structural defor-
mation and metamorphism of the metabasics were contemporaneous to the
thrusting (Chapter 3), In contrast, an intrusive should have been compact and
nonfoliated viz., metabasic at Rari. This also focusses attention to the

smaller bodies which are schistose in character,

(v) The metabasics show progressive and retrogressive metamorphism. In
the second case, the progressive metamorphism is the possibility 1f

thrusting may be considered b-fore the metamorphism of the country rocks,

From the foregoing discussion, it is evident that the metabasics were
emplaced along a zone of dislocation during the thrusting of the older
Quartzite Formation over the Uttarkashi-Dunda Formations and were then
folded to develop Uttarkashi and Dunda Thrusts in the north and south

respectively,

A few metabasic bodies fmpersistently occur along the Dharasu and Mair

Central Thrusts and indicate a similar mode of emp lacem nt,

The smaller metabasics e,g., at milestones 75/0 and 80/0 alony the
Uttarkashi road are structurally discordant with the country rocks and were
possibly emplaced along small shear zones. It is not intended here to impress
upon a complete lack of the normal intrusives (not related to the shear zones)
and concordant basic sheets and metatuffs etc, but care should be takent o
work out detailed structural f atures which may be useful in deciphering

their mode of occurrence,

Gansser(1959,1964) and Valdiya(1965) pointed out ophiolitic character
of these basic rocks as submarine lava flows contemporaneous with the sedi-
mentation in the Kumaon region. The ophiolitic occurrences determine subse-
quent tectonic (thrusting)events in contrast with the earlier views that

these intrude along the pre-existing tectonic features(Gansser,1959),
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COMPARISON OF IMPORTZNT CHARACTER

S OF OPHIOLITES AND METABASICS

OF DEOBAN-TEJAM ZONE DIST,

UTT ARKASHI U.P.

OPHIOLITES (AUBOUIN, 1963)

(1) Oohiolites suite shows wide compositional range
consisting of (a) fine grained rocks:basalts,
spillites and pillow lavas. (b) medium grained
rocks; dolerites and {c) coarse grained rocks!
peridotites,pyroxinites,gabbros,diorites and
quartz diorites.

(2) Fine grained basalts and spillites enclose coarse
grained rocks.

€3) Ophiolitic megma pours directly upon sea bed contem-
poraneous with sedimentation,

(4) A thick shell of spillites and pillow lavas at the
top in direct contact with sea water and a thin
doleritic skin at the base in contact with the floor.

(5) Presence of ophiolites in eugeosynclines and form
most distinctive feature.

(6) Absence of ophiolites from miogeosynclines,
(7) Tyoical association of ophiolites with radiolites

in ophiclite-radiolite series or diabase-radiolite
series,

PRESENT AREA

i (1) Basic rocks are mainly fine to medium grained
! doloritic rocks which now occur as metabasics;
f rarely amygdaloidal.

i

(2) Fine grained neor the margins due to shearing;
! coarser and less schistose in the centre.

(3} Absence of chilled contacts.

(4) Angular structural discordance.

| (5) Complete absence of eugeosynclinal sediments
like badded cherts,radiolites,flysch.

(6) Complete absence of pillow lavas though soilli-
tic nature is uncertain.

(7) Tectonically controlled metabasics more
common; emplaced concomittantly with thrusting.

[Ad
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Table 13compares the salient features of the ophiolites as have been
summarised by Aubouin(1963,pp.151-159) and the metabasics of the present
area. The most important feature of the ophibolite suite is their association
with radiolites,bedded cherts and flysch sediments. Their association with
such sediments is of fundamental importance in the classification of eugeo-

syncline and miogeosynclines(Stille,1940;Kay,1951).

Thus it may be seen that thesc metabasics which have similarities with
those of the Kumaon region, do not posses any of the typical features of the
ophiolites to which Valdiya also agrees(p.139 ) but, however, he maintains

&
their emplacement contemporaneous with sedimentation(Vsaldiya,b1968),

5.8. THRUSTING IN RELATION TO MYLONITES,KMETAMORPHISM AND METABASICS

Valdiya(1965) observed an increase in the gradc of metamorphism of
metabasics towards the top of the Berinag Quartzitcs in the Pithoragarh
region and regarded that most of these were metamorphosed to biotite and
garnet(?) zones in the Middle and Upper Berinags. This supports the earlier
conclusion that the sequence in the region is inverted (Valdiya,1962,1965).
In comparison , the metabasics of the present area are metamorphosed to
chlorite and biotite zones in an uninverted sequence of rocks. In the north-
east, the metabasics at Maneri show a higher grade of metamorphism upto upper
biotite and garnet zones with a similar mineralogical assemblage as the
widespread metabasics of the Berinag Quartzites., This possibly indicates an
eastward increase in metamorphism which is also strengthened by the fact that
the greater part of the Berinags is overwhelmingly schistose(cf.,Valdiya,1962)
whereas the quartzites of the present area are generally schistose near the

thrust contacts,

An increase in the cataclastic effects towards the Singuni thrust at the
base of the normally bedded southern Quartzite Foruation belt clearly demon-

strates its role in the metamorphism of the rocks (Chapter 4). Similar
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increase of cataclastism has been noticed by the present worker towards the
Main Central Thrust at Sainj and along the Yamuna valley near the top of the
normally bedded quartzites. These cataclastic effects along the Uttarkashi,
Dharasu and Basul Thrusts develop highly schistose rocks in localised zones
and may thus be correlated with the the thrusting phenomenon. The sinilar
effects have also been observed in the Berinar Quartzites which are more
metamorphosed near the overlying crystalline thrust masses(Gansser,1964;
Valdiya,1962,1965).

Pande and Kumar(1968), while considering metamorphism in relation to
thrusting in the Himala&a, noted that the mylonites and fault breccia may
develop in the zone of cataclasis along the thrusts e,g,Chail Thrust. Simi-
larly, Dutta and Kumar(1964) attributed such vertical and abrupt metamorphic
change between the underlying less metamorphosed Mandhalis and more meta-

morphosed Chandpurs to the thrusting.

On the other hand, many of the thrusts and faults in the southern Lesser
Himalayan and Foothill Zone of Garhwal and Himachal Pradesh are generally
marked with fault breccia, crushed material etc. and exhibit signs of recent
activity (Krishnaswami,1962; Jalote,1962; Jalote,1966,1968).The absence of
metamorphism,cataclasites and mylonites along these thrusts is significant,
The development of crushed Chandpur Phyllite and friable carbonaceous
material etc, along the Krol Thrust (Jalote,1966) and other brecciated rocks
may be correlated with near surface and relatively younger movements(cf.,
Reed,1964). This possibly indicates a relatively shallow depth of these
thrusts and faults including the Krol Thrust in the Foothills and Sub-
Himalayan Zones. In the inner Lesser Himalayan region of the area, some of
the thrusts are either marked with mylonites and metamorphism and appear to

have evolved at greater depths,

Further,many of the thrusts in the Shali,Garhwal! and Kumaon regions of

the Deoban-Tejam Zone are characterised by thin metabasics® Examnle of such
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CHARACTERS OF SOME IMPORTANT THRUSTS IN GARHWAL.U.P.

SOUTH
(Rajpura):

I

TEJAM  ZONE

DEOBAN -

SIMLA-KROL BELT |

{
MAIN
CENTRAL |
THRU:T |
i
UTTARKASH1
THRUST

DUNDA
THRUST

SIFGUNI
THRUST

DHARASU
THRUST
BASUL

THRUST

TONS THRUST

KROL
THRUST

- S S ——

Impersistent chlorite schists; increase in metamorphic effects
towards top in Quartzite Formation near thrust;development of
folintion,micalineation and quartz sericite schists.

Persistent metabasics;metamorphic effects maximum wherever meta-
basics are absent; schistose quartzies;development of foliation
and micalineation.

Persistent metabasics;metamorphic effect minimum wherever meta-
basics are thick.

Impersistent mylonitised quartz and feldspar porphyry;increasing
metamorphic effects towards the sole of thrust im Quartzite
Formation;schistose sericite quartzites; development of folistion
and mica lineation.

Impersistent metabasics;increased metamorphic effects in Dharasu
Formstion along thrust zone; crushing of rocks;

Sericite quartz schists and schistose quartzies in thrust zone;
increase in metamorphic effects; development of foliation and
mica lineetion.

Fault breccia and crushed slates;lack of metamorphism,
Fault breccia,crushed Chandpur phyllites;friable carbonaceous

matter; lack of metamorahism; typical of other thrusts in foot
hills,

N e B . L S e
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thrusts are the Shali Thrust in the Shali area; Uttarkashi, dunda and
Dharasu Thrusts in the present area; Main Central Thrust; Singali Thrust;
Askot ,and Baijnath crystalline thrust masses and North Almora Thrust(Heim
and Gansser,1939; West,1939; Gansser,1959, 1964; Valdiya,1962,1965; Misra
and Banerjee,1967,1968; Das,1968; Rao and Bhan;1969).These metabasics in the
area have been emnlaced during the thrusting movements and must have facili-

tated such movements.

Table 14 summarises some of the featurcs of the thrusts across Garhwal

from south to north.

5.9 AGE OF METABASICS

The age of these metabasics is problematic since these have been found in
the unfossiliferous rocks of uncertain stratigraphy and has been considered

from Precambrian to Tertiary by various authors.,

The viewpoint that the metabasics are contemporaneous with the sedimen-
tation of the Berinag Quartzites and Cale Zone of Pithoragarh(cf., Gansser,
1959,1964; Valdiya,1965) implies a Precambrian to l-wer Palaeozoic age for
such intrusions, The nresence of basic tuffs in the metasediments(Misra and

Banerjee,1967,1968) also reflects the same age for the metabasics.

Pilgrim and West (1928), Kenwar (1966) and Bisaria(1967) favoured a
Precambrian age for the hornblende schists in the Jutogh sediments due to

their absence from the Chails,

Auden (1934a) postulated the Tertiary age for the dolerites of the

Simla-Krol Belt,

A study of published literature reveals that the basic rocks have not been
observed in the Tertiary formations (Nummulitics,Subathus and Siwaliks) of
the Garhwal Himlaya. Further, most of the thrusts and fa:lts of Outer and

Sub-Himalayan Zone including the Main Boundary Fault and Krol Thrust are
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devoid of basic rocks in Garhwal whereas many of the thrusts of the Deoban-

Teiam Zone of Garhwal and Kumaon area are characterised by such occurrences,

As has been discussed earlier,the tectorically emplaced metabasics of the
area are distinctly related to the thrusting movements., The earliest eviden-
ces for the upheaval and movements during the Himalayan Orogeny date. back to
Upper Cretaceocus to Eocene (Krishnan 1960,p.490; Wadia, 1964; West and Wadia,
1964). The abs~nce of basic rocks from the Tertinry formations indicates a
possible pre-Tertiary age for their intrusions in Garhwal. Tt may be worth-
while to correlate (i) a probable pre-Tertiary age of the basic rocks, (11)
tectorically controlled occurrences along many thrusts and shear zones in the
Deoban-Tejam Zone and (iii) their absence from the Krol and other thrusts and
faults of the Outer and Sub-Himalayan Zone of Garhwal with the earliest
phases of the Himalayan Orogeny which is approximately Upper Cretaceous in

age.
5.10 CONCLUSIONS

1, The basic rocks are metamorphosed in conformity with the associated
sediments to chlorite and biotite zones and exhibit an increase in metamor-
phism to garnet zone in the north near the Central Himalaya.

2. The metabasics along the Uttarkashi and Dunda Thrusts and impersistent
bodies along the Dharasu Thrust were emplaced during the thrusting movements,
The absence of basic rocks from the Tertiary formations and thrusts of
Foothills and Sub-Himalayan Zone of Garhwal suggests a possible Upper Creta-
ceous age for the thrust bound metabasics in the area at the commencement

of Himalayan Orogeny.

3. Minor angular discordance in many of the metabasics with country

rocks indicate their possible localisation along shear zones,

4, The absence of pillow lavas and typical ophiolitic characters in the

. L ]
metabasics and their emplacement during the thrusting suggest that these were



147

not contempOranecus with the sedimentation,

5. Many of the thrusts in the area are marked with metamorphi sm,
metabasics or show development of mylonites in eontrast to the oOccurrence
of shatter rocks and fault breccia along thrusts of the Foothills and
Sub-Himalayaﬂ Zone including the Krol Thrust. Possibly the thrusts in the
area originated at greater depths than the Krol and other thrusts of the

border region,
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PART - T INSOLURLE RESTDUE 4ND CHEMICAL ANALYSIS OF CARRBONATES

6,1 INTRADUCTI W

The unfossiliferous carbonates in the Dcoban-Tejam “one comprise
lim2stones,dolomitic limestones,dolomites and magnasites and have been grouped
into Deoban Limestone, Shali Limestone(lower and upper) of the Shali Series,
Calc Zone of Tejam and Pithoragarh etc. These have been considered equivalent

to each other or even with the Krol-Tal Series by the various workers,

In the or-sent area, the carbonate rocks have been classified into Dichli
Dolomite, ¥hattukhal Lim=stone,Bangaon Lfmestone and Lower and Upper
Uttarkashi Limestone members of the Uttark-shi Formati-n. The field characters
and netrography of these rocks have already becen described in Chapter 2, Here
the insoluble residue and chemical churacters of some of the carb.natec . ro. deult
and an attempt is made to find out a possible criterion for their correlation
with other carbonates of the Lesser Himalaya. For the ournose, 39 samnles
from the Dichii Dolomite, Khattukhal Limestone and Upper Uttarkashi Limestonc
have been studied for their inscluble residues and of these, 26 samnles have

been partfally analysed for their calcitim and mapnesium contents,

6.2 INSOLUBLE RESIDUE

6.2 -1 PREVINUS WORK

In the Mussoorie region, Raju and Bhattacharya(1962) h-ve recently
confirmed th: lithological classification of the Krol Series as prooosed by
Auden (1934 a). Prakash and Singh(1958) have worked out residue character
of the Tal Series in NMilkanth arca n-ar Rishikesh, U.P, while some localised
studies on insoluhbles have also been carried out in the Calc Zone of

Pithoragarh by Valdiya (1965), Kumar (1967), and Misra and Banerjee (1968)-
L]
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6.2-2 METHOD OF STUDY

In the present work, the technigue of insoluble residue separation
described by Ireland (1936) and Twenhofel and Tyler(1941) and torminology
of Ireland (1947,1958) has been adopted. In brief, about 10-15 gm. -f
rock samnles has been dissolved in dil.PCl. This has been followed by
washing, drging and weighing of the residue. The clayey content is calculated
by carefully decanting the finer fraction. The insoluble residue is studied
under binocular microscope. A part of the insoluble residue is also studied

petrogranhically. The relative distribution of the insoluble residuz is
shown in Table 15.Figure 64 prosents the data graphically,
6.2-3. DESCRIPTION

General Characters: (1) Colour - The colour of the insoluble residue
a
varies from almost white to grey and black but in/few cases it 1s even

pursle, green and brown, The Dichli Dolomite insoluble 1is oredomin-rtly white
with occasional shades of light grey and purole, while the residues from the
Khattukhal and Upper Uttarkashi Limestones are mostly dark grey and black in

colour,

(11) Percentage - The amount of insoluble residue also varies widely
from 0,00 to 52,53% (%ig.64 ). The Dichli Dolomite 1is characterised by higher
nercentage of insoluble between 6.0 to 52,53% and averages 24,27% while

the Khattukhal and Unpner Uttarkashi Limestones carry 0,00 to 33,37% and 3.23

to 32,577 with an average of 11,267 and 11,25% respectively,

Arennceous Material : (i) Detrital sand (loose) - Detrital sand is

mostly confincd to the lower parts of the Dichli Dolomite and is absent in
the insnlubles from the limestones, It comdrises mainly subangular to well
rounded frosted auartz grains varving in size from C,8 to 0.0C6 mm, In

general, the grains are transluscent to opagque,pitted and ellipsoidal to
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spheroidal in shape (Fig.207), In thin scctions, the pargins of grains’
are embayed and lobed due to the replacement by dolomite(Fig.206). . few
rounded and oitted tourmaline grains are also observed.

(11) Detrital silt (loose) - Subangular to subrounded, moderately sorted

and frosted silt size quartz grains are also seen in a few residuesof the
Dichti Dolomite,

(1i1) Aggregates - "hite and »ink coloured, poorly to well consolidated
aggregates in a few residues from the Dichli Dolomite consistof subrounded to
well rounded frosted quartz, The pink colour is due to iron oxidé coating, .
In thin sectinns, the well consolidated fragments show secondary overgro'ths
of silica which also acts as 2 cementing material, Sometimes effects of

pressure solutions at the grain contacts are noteworthy.

Argillaceous Material:(i) Clay - The clayey fraction in the insoluble

residue includes pale-green . birefringent fine ncedles of sericite or
chlorite., In addition, the clayey portion marks paper black and forms a
thin film over the wet residue from the Khattukhal and Upper Uttarkashi Lime-
stones. The averége clayey fractior in the insoluble is relatively higher in
the Khattukhal and Unner Uttarkashi Limestones than the Dichli DJolomite and

is 54,00, 72.63 and 14,037 raspectively,

(11) Shale fragments - Buff, purple, brown and greyish green coloured

shale fragments are noticed in a few insolubles. The shale is friable,porous,

granular and nlaty in character.

Quaqgg -1t is ubiquitously present in minor amounts and is characteri-
sed by two varieties:(a) small, transparent,anhedral to subhedral rock
crystal (b) anhedral, white, opaque, quartz picces with partia'ly developed

pyramidally termirated crystals (drusy quartz).
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EEEEE - Chert is an important constituent in the residue and occurs as
(2) hard ,opaque, white raised plates as joint f11lings, (b) granular,black
fragments, (c? white-grey-black, porous, sponge like chalky masses which are
most abundant.,

®nder low magnification, the granular and platy chert display fine
grained,nolygonal quartz mosaic while the chalky chert is resolvable only in
the high magnification =nd consists of microcrystalline quartz and greenish

sericite-chlorite needles.

Pyrite - Small quantity of pyrite is present in the residue from
Upner Uttarkashi Lim-stone and to a lesser extent in the Khattukhal Limestorc.,
(1)
It 1s rare in the Dichli Dolomite. Pyrite orcurs as/ small bronze coloured cubes,

nyritohedrons and aggregates, (i1} finely dissemirated specks in chert .,

nghonaCeous“mdterial - It is 4 rk brown to black in colour as exceediﬁgly

fine masses and marks paper black,

6.2-4. INSOLUBLE RESIDUE ZONZIS

The variatiors in the insoluble residue assemblages, percentage of
residue and clayey material suggest that these limestones may possibly be
divided into eight possible zomes. Their vertical and lateral extension could

not be established due to lack of properly exnosed stratigranhical sections,

Dichli Dolomite - The stratigraphical sectionalopg right bark of the

Dichli Gad gives four nossible zones in the formation (7ig. 65 ).

Zone =1 - The lowest zone of the Dichli Dolomite lies above the
Quartzite Formation and consists of detrital quartz as loose grains and
consolidated aggregates. The residue is about 497,

7one 2 - The next zone is low in rosidue content (about 7%) and consists

of white, granular and chalky chert,
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Zone 3 - Comnrising about 367 residue, the zone is diagnosed by white
quartz nieces with minor amount of rock crystal, drusy quartz,bwhite chalky
chert and rounded quartz,

Zone 4 -~ The insoluble in the upner Wost zone averages 10% and is
marked with white chalky chert with minor amount of sand and silt aggregates,

white grepular chert, quartz and shale fragments.

Khattukhal Limcstrne - The Utterknshi road section at milestone 76/0

revaals tuo possible zones (Fig,66),
Zone 5 - The zone is characterised by grey chalky and black granular
chert and yields unto 33% insolublc which consists of 807 of the clayey content,
Zone 6 - The zone contains black chalky chert with minor amount of shale
fragments, black granular chert, rock crystal and drusy quartz., The average

insoluble 1s 5% containing 607 clayey material.

Uttarkashi Limestone - The Unper Uttarkashi Limestone menber at Tekhla

gives 2 nossible zones(Fig. 67).

Zone 7 - The lower zone is diagnosed by grey chalky chert with minor
amount of black chalky chert, rock crystal and drusy quartz yielding about
15% insoluble having 687 clayey content,

Zone 8 - The upper zone is marked by black chalky chert with 7,7%

insoluble containing 927 clayey material.

6,2 -5 DISCUSSION

The importance of ° work on the insoluble residue in the identifi-
cation, stratigranhy and correlation of the carbonate rocks cannot be neglected
in these comnlex Lesser Himalayan sequences. A review of the literature
indicates that the mos: extensive work on the insoluble residues his been
carried out in the Palacozoic carbonate sequences ol the Interior Basins of

the United States between the Appalachian end Rocky Mountains and hes
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contributed much to the stratigraphy and correlation of rock formations
(Martin, 1931; McQueen,1931; Fills,1935; Ireland, 1936, 1947,1958, Crowley and
Yendricks,1945; Grohskopt and McCracken, 1949; McCracken,1655; Edwards, 1957

Yillard,1961; Carcenter and Schmidt, 1962).

Martin (1931) and McQueen (1931) elaborated method of preoaration,
terminology and application of insolubles in the surface and subsurface geology
for the correlstion and identification of Palaecozoic sequence in Tklahoma,
1411s(1935) has successfully carried out insoluble r sidue work in the Cambrian-
Ordar ician rocks and has further subdivided the formations into members. The
preliminary work by "illard(955,1261), Lessentine (1955) and Hills(1935) in
the Cambrian carbonates indicates the value of frosted and rounded auartz,
shale and black shale fragments,chert,feldspars,silt and clay in the correlation

and stratigraphy of eastern Pennsylvania region.

McCracken (1955) applied’ 1insoluble residue in the subdivision of
Uoner Arbuckle Formation of Missoori and southern Kansas into 19 zoncs and
established their regional validity. He based his irsoluble residue zones
on varietiss of residue assemblage, porcentage and repetition of their occurr-

ences.

Edwards(1957, in Carventer 2nd Schmidt,1962) emdhasised the quantity of
the insoluble residue as an important factor in correlation of the Cynthiana
Pormation of Ordovician age along the Ohic river,though it was later found as
an invalid criterion in the stratigraphy of the region{Carpenter and Schmidt,
1962). The extreme vertical and lateral variability of statistical and
qualitative parameters of the light and heavy minerals from the Cynthiana

Formation of NE ¥entucky make the correlation impossible,

The extensive work on the insoluble residues from thick pre-

M4 ssissinpian carbonate formations of Oklahoma has indicated its value in
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correlation of surface and subsurface strata (Ireland,1935), He identified
allogenic and eoigenic constituents in the insolubles which hwe elucidated
the sedimentation and diagenesis of the sediments . Ireland (1958) emphasised
the diagnostic characters of sand and cheft which can be differentiated by
colour, lustre, transparency and texture. The insoluble residue work has been
esnecially uscful in Texas, Kansas, Oklahoma,Illinois, Missoorie and 1s exten-

sively used in correlating thick T alaeozoic carbonnates (Ireland, 1958).

In the present area, the Dichli Dolomite markedly differs from the
Khattukhal and Upner Uttarkashi Limestones insolubles in the following aspects,

thouph the latter two bear close resemblance with each other:

(1) The Dichli Dolomite contains high insoluble residue percentage and
low clayey content. On the other hand, the Khattukhal and Upper Uttarkashi
Limestones are comparatively low in insoluble content with high »ercentage

of clayey material,

(1i) The light coloured insolubles, namely white, purnlish and greyish
are tynical of the Dichli Dolomite while dark grey and black residue is obtained

from the limestones,

(111) Detrital quartz and silt are present in the Dichli Dolomite but
are found absent from the Khattukhal and Upper Uttarkashi Limestones,
(iv) "hite, platy and chalky chert is common in the Dichli Dolomite
whereag the Upner Uttarkashi and Khattukhal Limestones give a dark prey and

black chalky and granular chert.

(v) Pyrite is abundant in the Upper Uttarkashi Limestone and is minor

{n the Khattukhal Limestone, It 1s quite rare in the Dichli Dolomite.

Some local investigations of the insoluble residue have boen carried
out in some of the carbonate sequences of the Lusser Himalaya.Raiu and Bhatta-

charya (1962) have confirmed the validity of © . lithological classification



155

of the Krol Series by Auder (1934a) on the basis of the insclubles along
Raijnur-Mussoorie mule track, Accordingly, the Krol C,D and ¥ members are chara-
cteriged by fluorite flooding; detrital quartz and authigenic feldspar; and
authigenic chert, mudstone and clayey aggregates respectively, Further, the
Krol limestone is very low in the insoluble percentage (Mehta,ct al,,1963;
Raju and Bhattacharya,1962) in contrast to bigh percentage of insolubles
from the Tal limestone in the Nilkanth area(Prakash and Singh,1958; Singh

and Ranbotra,1959).

Valdiya(1965),Kumar(1967) and Misra and Banerjee(1968a)redorted
authigenic quartz, chert, pyrite and clayey minerals in the carbonates of the
Calc Zone of Pithoragarh from Pithoragarh,Ganai and Dageshwar areas. It 1s
noteworthy that the insolgbles from the Dichli Dolomite resemble with
Ganpolihat Dolomite residue., Morcover, the insoluble residues from the »resent
area and Calc Zone of Pithoragarh arca higher ir percentage in contrast to its
low nercentage from the Krols and are mineralogically different from the Krols
and Tals(Table 16). It should be noted that much more extensive study is needed
before any useful regional characteristics may be suggested in the correlation
and zonation of these carbonates, The present study,however, indicates  contra-

sting insoluble residues from the Krols, Tals and Denban-Tajam 7one.

6,2 -6 GENESI5 OF INSOLUBLE RESIDUE

The importance and validity of insoluble residues in °~ identification
and correlation of the carbonate rocks depend upon the fact that a stratum is
characterised by a tynical insoluble residue if the clastic conditions,
provenance, transpnortation and sedimentary environment remaln constant during
its denosition (Ireland,1958), The slight chonges in these conditions may not
be reflected in carbonate fraction of the rock but will produce a diagnostic

insoluble residue to differentiate the stratum from the other,
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The genetic relationships of many insoluble varieties appear to be
controversial(Ireland, 1947,1958).However, the penesis of some of the diagnostic
properties e.g., colour,arenaceous material, chert and pyrite of the insoluble

residue from the carbonates of the present area are briefly discussed.

Colour - (Fig. 64 ) indicatcs a possible correlation between the colours
of the residues and its main constituents. The white colour is caused by
presence of stable minerals like quartz free of impurities(Veller,1960; n.173)
in insoluble residue from the Dichli Dolomite while the light ourole shades

indicate exceedingly small quantity of hematite (cf., Pettijohn, 1957,p.347).

The insoluble residues from the Khattukhal and Upper Uttarkashi Lime-
stones are characteristically grey or black and impart a similar colour to the
rock., Most of the grey and black shades are caused by finely disseminated iron
sulohide or carboniceous matter preserved in the reducing environments(Weller,
op.cit., n,173; Carozzi,1960, p.319)., A few residues mark paver black thus
indicating the presence of carbonaceous matter which along with pyrite appears
to have given a dark grey or black colour.to the insoluble from the Khattukhal

and Upper Uttarkashi Limestones.

Arendceous material - The arenaceous material in the Dichli Dolomite

comprises mainly frosted, rounded to subangular,loose quartz grains and
aggregates., The frosted nature of the quartz grains has been attributed to
various cause:(1) aeolian action similar to the sand blasts on the glass plates
(Hel’er,om.cit., 0,92; Pettijohn,1957,5,70), (ii) sccur action in agitated
waters (Anderson,1926), (iii) incipienf quartz overgrowths (Roth,1932),

(1v) pressure solutions along the grain contacts (Heald,1956), (v) differen-
tial solution of grain surface by percolating groundwater (Pettijohn,op.cit.,
p.70) and (iv) marginal renlacement of quartz by carbonate minerals (Hoald,1956;

Walker,1957; Pettijohn, op.cit.,p.70).
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Thus, it app-ars possible that frosted rounded quartz in the Dichli
Dolomite had long abrasion history producing spheroidal and ellipsoidal grains
which might have been frosted during the transvortation. The frosting has been
definitely more pronounced due to the marginal replacement of grains by dolo-

mite as observed in many thin sections,

Chert - "Thite granular chert in the Dichli Dolomite residue occurs in
thin olates as joint fillings. The source for sccondary silicification apdears
nossibly the marginally replaced detrital quartz (Yalker,1957) which has

supnlied sufficient silica in solution to be deposited into joints.

The origin of chalky chert is vague and controversial (Ireland,1936).
Black chert occurs as thin streaks and stringers parallel to the bedding planes
in the Khattukhal Limestone. In thin sections, greyish microcrystalline chert
renlaces and merges with fine grained, partially devcloped caleitc
rhombs. After the acid troatment, calcite dissolves away and produces

chalky chert which sometimes grades to compact granular waxy chert,

Patterson ard Von der Borch(1965) reported direct precipitation of chert
as onal christobalite éel in the lakes of South Australia, Sievers(1957) opined
that the connate water contains silica Si(OH)4 solution which upon crystalli-
gation nroduces small euhedra and microgranular ch=alcedonic aggregates in

the limestones,

Pyrite - Carozzi(1960, ».346) stated that "microscoric examination of
the black limestones shows that the associntion of nyrite with Cf‘.CO3 and with
organic matter(reoresented by carbonaceous residue) is a very general one'.
The source of sulnhide apoears to be the nitrogenous content of orgaric
matter under the reducing conditioms, Tn the limestoneas, he also foumnd an
intimate ass~ciatinn of pyrite and calcite and indicated that "the formation

of nyrite preceded the crystallisation of carbonate or at least ;
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Chémically, the Khattukhal Limestone bears strong resemblancs viththe Upder
Uttarkashi Lim:stome and differs with the Dichli Dnlomite which contain high

Mz0 nercentage,

6,4 MAGNESIUM -INSOLUBLE RESIDUE RELATIONGHIP

In recent years considerable attenticn has been paid to the Mgleinsoluble
Cal

residue relationshin and its bearing on tho procese of dolomitisation, ™

fany
studies have shown a direct relationship between high magnesian and high insolu-
ble residue content (Lesley,1879; Steidtmann,1917; Decker and Merritt,1928;
Poy, et al,, 1955; Chilingar, 1956 a,b; Fairbridge,1957; Bisque and Lemish,

1958,1959; “Murray, 1960; Dunbar and Rodgers,1961; 3Schmidt,1964),

Steidtmann(1917) noticed that the nure limestones 2nd dolomites contain
relatively less insoluble residue than the dolomitised limestones whiech have a
higher pronortion of the residue. Deckor and Merritt(1928) observed higher
imDurities with a higher magnesian content from Arbuckle Group of carbonate

rocks in Oklahoma,

Increasing impurities with a higher magnesian content has bzen noticed by
Roy et z1. (1955) from Mississip»uian rocks of Iowa, Fairbridge(1957}and Dunbar
and Podgers(1961, ».223-224) plotted data nublished by Lesley (1879) and
suggested an increasing tendency in the insoluble residue vercentage with

higher MeC?, for a section of Ordovician rocks of Pennsylvania,

3
Chilingar(1956 a) demonstrated a high ' insolubl.-dolomite relaticnship and

suggested high Ca ratios with higher vercentage of chert,stringers and

M
nodules in the limestones but thkis data doo not represent Ca - insoluble
Mg
residue relationship (Chilingar,1956 b).
Ri{saue ~nd Lemish(1958) related the maenesian content with insoluble

residue percentage and established a high inscluble-high magnesium relation

in Devonian Cedar Valley Formation as well as in the concrete aggregstes of
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carbonate rocks. "isque and Lemish(1959) observed the presance of illite,chert
and pyrite in the insoluble,thcugh a relatiorship between clay minerals and
insoluble has not been studied. Similarly Folk (in Hatfield and Rohrbecker, 1965

established a higher average insoluble content in the more dolomitic beds of

the Axemann Formntion in Pennsylvania.

Similar studies by Murrary (1960) in the Charles Formation (Mississip>ian)
at Saskatchewan demonstrate that a high insoluble percentapge containing larpge

A Y

amount of silt and clay size quartz(not clay minerals} is associat.d with hipher
dolomite percentage., Schmidt(1964) also noticed an iuncrease in dolomite content
in the Gigas beds(Jurassic) of Germany towards the porthern boundary of Sazony
B3asin and correlated it with increasing clay content. An increase in magnesian

content is recorded towards the to» of a dolomitised horizon succeeded by shales

in a Devonian reef in Ludec oil field (Maring and Layer,1950),

On the contrary, Goldich and Parmalea(1947) resorted a comdlate lack of
insoluble-dolomite relationship in the Ellenburger Zroun (Ordovician) in Central
Texas and a similar lack of relationshin has a’so been noticed by Zenger(1965)
in the study of the Lockoort Formatign (NiagraR) in New York. Hatfield and
Rohrbecker(1966) also recorded a complete lack of dolomite/calcite ratio with
quality or quantity of inscluble residue throughout the Jevorian Ten Mile Creek
Dolomite of NY Ohio,

A detailed examination of the published literature also irdicates a lack
of any established relationship between high magnesian content and clay minerzls
The high magnesian-high insoluble percentage as described oqflier does not
necessarily indicate a corresponding high percentage of clay minerals in the
insoluble (Hatfield and-Rohrbecker,1966), The possibility of clay minerals
sroviding the necessary magnesian ions for the transformation of limestones
to dolomites has been elaborated by Parkers(1957), Zen (1959) and Xahle(1965).

The nossible mechanism, for the transfer of magnesian ions appears to be
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(1) fonic exchange of magnesium from magnesian bearing clay minerals(Zen,1959;
Kahle,1965), (1i) clay minerals acting as semipermeable membranes to imede
migration of magnasian ions and (ii1) to act as nucleus for crystallisation of
dolomite(kahle 1965). This nossibility means an association of higher clay
content with high dolomite content to provide necessary magnesium for the for-

mation of dolomite,

The present work ©n the carbonates of the Uttarkashi district clearly irdi-
cates lack of correlation between high insoluble-high magnesium content(Fig, 68 )
Moreover, a high clayey content and low insoluble residue percentage(Fig. 69)
and low MgO - high clayey content 4in the insoluble (Fig. 70)are sugpestive from
this study. Fip.71shows lateral and vertical variation between Mg0 - insoluble

Cal
residue and clayey content in the residue from the different sections,

6.4-1 OTHER AREAS OF LE3SSER HIMALAYAS

Some localised data on the chemical and insoluble residue studies are now
available from Calc Zone of Pithoragarh (Valdiya, 1965; Kumar,1967; Misra and
Banerice, 1968a), Krollimestone (Raju and Bhattacharya,1962; Mehta et al.1963) and
Tal limestone (Prakash and Singh,1958; 3ingh and Ranhotras1959)(Figs.72,73,74

d 75). - '
wnd 75), The plotting of the availahle data on MgO and insoluble residue indicate

the
that f Calc Zone of Pithoragarh,like the carbunaces of the present area shows
a cnmmlete lack of any relationship between Mgl - incoluble rasidue nercentage
(F1g, 72) and it apnears possibly to be characteristic of the carbonates from

this inner sedimentary Deoban-Teiam Zone.

Raiu and Bhattacharya (1962) reported an appreciebly low insoluble rcsidue
in the highly dolomitised Krol D and E members of the Krol limestone (Fig. 73).
A similar study of the Krol € member by Mehta, et al.,(1963) from the Mussoorie
area gives very low insoluble residue percentage in the limestones or slightly

dolomitiSed rocks (¥ig.74). The Tal limestoncs ,on the other hand, contain high
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insoluble residue averaging about 37% and are characterised by exceedirgly low

MgO percentages (Fig, 75) (cf. Prakash and Singh,1958; Sirgh and “anhotra,1959).

6.5 COKCLUSIONS

The present study deals only with a few chemic=l and insoluble residue data
and should be carried nut more extensively in other zarbonate sequences of the
Lesser Himalaya before any regional correlation and zonation is attewted.

However, this study brings to notice the following worth mentioning characters:

(1) The chemical and insolubla residue characters of the ¥hattukhal and Ubper
Uttarkashi Limestones resemble with each other and way hence suggest a possible

correlation, On the other hand, the Dichli Dolomite Jiffers petroprashically as
well as in chemical and insoluble characters but res:mbles more with the Zangoli.
hat Dolomite of the CTale Zone of Pithoragarh.,

(2) The carbonates of the present area do not show =ny relationship between
insoluble residue and magnesium content, like the c~ -bonate from the Tale  Zone
of Pithoragarh. This may orobably be characteristic «f carhonate sequence of the

Deoban~Ta jam Zonc,

(3) The analysis of data from the Krol and Tal limest-nes of the Simla—Krﬁl
Belt from some localities indicates that the Krol € member is characterised by
low MgO~low inscluble residue percentages. The Krol D and E members pive a
high Mg0 - low insoluble residue percentages. On the other hand, the Tal

limestrne show high insoluble-low Ms0 vercentage.

(4) The study indicates that the insoluble residus-m:gnesiap relationship in
carbon:te Sequences of the Li:sser Himalaya is characteristic of the individual
formation and should be confirmed on the regional basis, This may dossibly form

an {mportant criterion in correlating these unfossiliferous and complex carbonat

sequences.,
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PART - 1

6.6 INTRODUCTION

The accessory heavy minerals(specific gravity greanter than bromoform,
2,85 ), though rarely exceeding 1 to 2 percent of the total constituents in a
sandstone, have been extensively used in solving a variety of oroblems. The
sensitivities of the heavy mineral associations to the geological processes
have contributed to the stratigrashical identification,classification and
correlation of horizons, tracing the tectonic history of source and denositional
arens,palaeogeographical conditions and petrogenic characters of the source

rocks (Milner,1962),

The heavy minerals have been particularly usefu! in the jost-tectonic
molasse type of sediments viz,, Siwalik System of the Himalaya, Though the
other Tertiary formatinns in' Cuter and Lesser Himalayas have recently bcen
locally analysed for their heavy mineral suites, the data is almost lacking

from the pre-Tertiary formations,

In the following pages, an attemnt has becn made to work out systamatically
the qualitative,quantitative and statistical parameters of heavy minerals

from the formations of the area.

6,7 METHOD OF STUDY

In recent years some &orkers have successfully carried out heavy mineral
investigations by simoly crushing the rock samples(Henningsen,1963; Stanley, 1964,
1965). A reduction in the heavy mineral accuracy has been noted for flysch
tyve of sandstones(Stanley, op.cit.)., Yowever, the quantitative data on
crushing of various indurated sandstones, especially the orthoquartzites
indicate that it 1s an easy method and the results of heavy mineral analysis

approximately renresent their actual distribution (Henningsen, 1967),
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31 quartzite samples from the Quartzite Formation of both the northern
and southern belts in the area have been selected for the heavy mineral separa-
tion, The framework of quartz grains in these quartzites is bounded by thin
coating of micaceous minerals, silica cement and interlocking of margins thus
rendering m>st of the disintegration methods ineffective. Vertical pressure of
mortar and pestle is found to be more useful than rotary motion in crushing
the samples. Utmost care has been taken to avoid powdering of the samples.
Approximately 20 - 30 gm, of crushed sample is passed through 40 mesh Sleve to
remove the coarser particles. The sfeved fraction is carefully decanted before
boiling with df1.HCl and stannmuschloride to remove ‘mpurities like iron oxide
and clayey coating over the grains. The heavy mineral residue is then obtained
by ordinary bromoform liquid separation and is mounted in the canada balsam.

The heavy mineral studies include:

(1) Qualitative examination of the residue.
(11) Counting of nonmicaceous- nonopaque heavy mineral grains.

(i11) Micrometric measurement of length and breadth of all tourmaline and
zircon grains present in the 31 heavy mineral slides of the Quartzite Formation
from the area, Besidés, the grain size data for quartz,zircon and tourmaline
have also been obtained from many thin scctions of all the non-calcareous
sedimentary rocks including the Quartzite Formation. 2C to 50 undeformed quartz

grains per thin section are generally measurzd,

(1v) Regional distribution and stratigrarhical variability of important
mineral species, namely zircon and tourmaline, For this purpose, 14 more samples
of the southern Quartzite Férmation belt from the Bhillangana valley and
Rudraprayag - Srinagar area have been quantitatively studied for their
nonmicaceous-nonopaque heavy mineral fraction. The study also includes 2 sampleé
(A/131, A/184) from the Bhagirathi valley and 3 samplcs(A/162,A/151,A/165)
from the Yamuna valley of the northern belt from outside the defined iimit of-

the ares,
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5.8 HEAVEY MINERALS

6.8-1 OPAQUE MINERALS

The opaque heavy minerals include pyrite and leucoxene. Pyrite 1is present
in many samples and is authigenic in character., It generally'occurs as euhedral
cubes and rectangular crystals., A few grains are alsc angular and corroded. Many
show orange limonitic coating. Leucoxene is rounded ond yellowish white in

reflected light,

6.8-2 NONOPAQUE- NONMICACEOUS MINERALS

(1) Tourmaline - (1) It has been subdivided intc the following five

varieties based upon their maximum absorption;

Z X
Blue Colourless, light blue, pink.
Green Pale green, pale brown,
Brown Pale green, yellow,
Pink Light »ink, colourless.
Black Dark brown, opaque.

The opaque tourmaline can easily be identified by their black or dark
brown non-metallic lustre in the reflected light, The difference between green
and brown tourmaline is sometimes difficult in the trarsmitted light. Strong
condensed light has been used for identifying colour of maximum absorption in

such cases.

(i1) The tourmaline grains vary in length from 0.07 mm. to 0.42 mm.

(average 0.15 mm.) and from 0,03 mm. to 0.30 mm. in breadth (average 0,08 mm.).

(111) The following three habits of tourmaline have been distinguished:
(a) rare, orismatic, euhedral crystals with single terminated pyramids(Fig.183),
(b) perfectly rounded, globular to ellipsoidal grains ind are most common
(Fimm 1858 186> (c) rare irregular and anhedral crystels with rounded edges
(71g, 180), .
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(1v) 1In texture, most tourma'ine graimns are devoid of any imperfections and
exhibit smooth rounded surfaces Fig.185 ),However, a Zew anhedral grains show
subconchoidal fractures (Fig.180 ). Rarely an imperfect cleavage and basal
parting are also noticed (Fig.179).

(v) In thin sections, a few grains are highly fractured and disolaced
along irregular planes but the overall grain shape ic still preserved. The
fractures are filled with quartz,

(vi) A few grains also develop pitted =and corrofed surfaces dus to intra-
stratal solution at contacts with other minerals.

(vii) Most of the tourmaline grains are free fror. any inclusions., In a few
grains, the common type of inclusionsare (=) globular and elongated cavities
sometimes marked with ccloured walls extinguishing along with the grains
(Fig.178 ), (b) needle-shaped microlites of nonbirefringent mineral(locally

abundant) (Fig, 182 )., A few grains contain abundant cavities and microlites

(71gs,187% 188 ) but the others commonly have only 2 -2 such inclusions.

(viii) Delicate overgrowth of colourless to very Zaint bluish,sleochroic
tourmaline is common (Figs,181 ,184 ,186 & 189 . The growth is about 0,06 mm.‘on
an average but rarely exceeds even to 0,16 mm. The overgrowth is invariably
at one end of the grains and has been noticed ujon 11l coloured varieties of
tourmaline,

The overgrowths sometime. even cover half of the grain
and comdrise of frilled margins interwoven with quartz of the mitrix (7igs, 184
&186). Commonly, it has sharp margins with the grains but cometimes over-
growth has a gradation zonc (Fig.181). Worn overgrowrh. of bluish colgur has

been rarely observed over very few grains.

(2) Zircon - (1) In transmitted light, zircon is colourless,yellowish
brown and nink in colour. Opaque black malacon zircom are not met with while

the pink hyacinth zircon is very rarely represzcnted . the heavy mineral suite,
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All the coloured varieties arc cloudy, milky white,trsnaluscent to opaque

in the reflected light.

(11) In length, zircon varies from 0.04 mm. to 0.43 mm, while the breadth
ranges from 0.03 to 0,28 mm, The coarsest varieties are generally rounded cloudy

zircons,

(111) The shape of zircon varics from nerfectly giobular and ellipsoidal
grains (¥ig,193), to prismatic euhedral grains (Fig.1¢5). Most of the euhedral
grains show varying degree roundad sdres bat cen the prismatic and pyramidal
faces (Figs, 1954192 ). Only rarely the euhedral grains show no abrasion (Fig,195 )
The cuhedral zircons are characterised by elongated (10G) and (110) »risms with
obtuse dinyramids(111) (Figs.189,195 &196 Jand ecnly rarely with (001) faces.

Most euhedral =zircons are doubly terminated (Figs,165&19g ) but singly termi-
nated oyramids are not uncommon, Further, both the dipyramidal faces may bé

equal in length as well as have a longer face than the other (Figs,192,195&196 ).

(1v) A few elongated rounded and prismatic zircons show fractures which

in some grains are oriented normal to prismatic faces as basal partings(Fig.194).

(v) A large number of rounded and prismatic zircons appcar turbid and
brownish in transmitted light., Invariably all the colcured varieties show
clouding. In reflected light it is more cortrasting as turbid,milky white,
transluscent to opagque portions, Many grains arc unif rmly clouded while others
are partially clouded, more so alonp the fractures,

(vi) Many unidentifiable inclusions are present in zircons. These are
(n) colourless, globular and ellipsoidal cavities (Flpz,18,190 &191),
(b) elongated and needle shaped microlites cf zircon,quartz and other birefringent

minergals,

(vii) Rarely zircons show well preserved corrcled margins,
L g
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(v§11) Yhile only a very few grains show overgro 'th  phenomencn, none
exhibits outgrowths. The overgrown material is colourless to 9ale brown and
lighter in colour than the core and is free from any inclusions. The overgrowth
tends to form euhedral crystals, The growth has generally taken place over
darker rounded zircon core which varies from elengated ellipsoidal to globular
in shape. Rarely it is euhedral prismatic with sharp edges; In a few grains
the overgrowth takes place by successive addition of material of lighter »nd
dsrker material producing characteristic zoning (Fig, 189 ),

(1x) In the present work,the following varietics of zircon are identified
on the basis of shane and transparency: (a) colourless rounded zircon,(b) colour-

less prismatic zircon, (c) cloudy rounded zircon and {d) cloudy prismatic zirecon,

(3)Rutile - . It {is mostly yellowish brown to reddish brown and occurs as
rounded equidimensinnal to elongated orismatic graine. Rarely faint pleochroism

into yellowish and reddish tinge is noticed.

(4) Staurolite - It 1s colourless to straw yellsw and is faintly pleochroic
Occurring in a few samvles, the grains are generally snbrounded,equidimensional
and exhibit npatchy extinction. 4 few inclusions of iron oxide and rutile(?)

needles have also been noticed,

(5) Andalusite - It has been observed i one sam>te, It occurs as subhedral,

and subrounded colourless grains with numerons carboraceous inclusions,

(6) Kyanite - Colourless, clongated, nrismatic kyanite appears in a few
samples, The grains show two sets of prominent cleavases at right angles and

are rounded along the edges. The extinction varics from 0-30°.

(7) Garnet - Colourless and pink anhedral garnmet bhas been noticed with
many quartz and other unidentifiable mineral inclusions, The grains have rounded

edges and show many canchoidal fractures (Fig, 191).
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(8) Other minerals - Some of the thin sections of the Quartzite Formation

crntain rounded anatite grains which appear to have been digested during

acid treatment. Rounded anatite, tourmaline and zircor varieties have also been
observed in the Uttarkashi, Dunda, Dharasu, Laluri, Chandpur and Nagthat Formation
during their routine petrographic studies. n addition to these, rounded hematite,

magnetite and enidote chracterise the Dharasu Formation,

6.9 RESULTS OF HEAVY MINERAL STUDY

Based upon nercentage by number, Tables 18 and 19 summarise relative abundance
of the heavy minarals in the Quartzite Formation from the northern and southern
belts respectively. The last column represcnts ZTR or resistent index (tot:al

percentage of zircon, tourmaline and rutile )as defined by Hubert(1962),

A series of histograms have been drawn to represent heavy mineral data
gra)hicqliy. From their study, the heavy mineral char.éteristiGSOf the two
Quartzite Formation belts have been discussed with the aim to find out whether
the heavy minerals can form a basisfor differentiatine otherwise similar quartz-
jtes. The results may not be definite since only 31 s~mples have been analysed
from relatively large outcrop in the area, hut are strongly suggestivé because

of heavy mineral studies of additional samples from the adijolning areas.

The nonmicaceous-nonopaque fraction of the heavy minerals comprises mostly
of zircon and tourmaline of different varieties (Figs 76&77). In genernl,whiie
Zircoﬁ is about 90% on an average in the northern hel=, it decreases to 457 in
the southern belt, On the other hand, tourmaline incr .nses from 5 tc 44 %, In

the southern belt. These differences are morc apparent when studied individually,

6.9 -1 2ircen (7ig,78 ) - The percentage of total =zircon is significantly
higher in the northern belt than southern belt of the Juartzite Formation.
It is generally above 75% of the fraction and even reaches to 99% in many

samrles, Nut of 17 samples from the northern belt, only 2 samples have zircons
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below 70%. On the other hand, it is impersistent in the southern belt and
varies considerably from 3 to 98%. Of the 14 samples, as many as 10 separations

contain zircons below 70%.

Although rounded colourless zircon has been recsrded in all the samples
of quartzites, it is relatively abundant in the ncrthern belt and averages
36% while it decreases to 107 in thec southern belt, Many quartzite samples
from the south contain less than 5% of rounded colourless zircon. Similar
relations persist for the rounded cloudy zircon though its amount is higher

(30%) than the colourless variety (10%) in the soutiicrn belt,

Both colourless and cloudy prismatic varieties of zircons deplete in
abundance to 1,5% in the southern belt from 7.5% in the north. The distribution
is also irregular in the southern belt because of dropping out prismatic
zircons in many samples. The relative abundance of each variety seems to be
typical of both the belts and suggests a possible criterion for differentiat-

tng two belts of the Nuartzite Formation,

6.9 =2 Tourmaline (Fig.79 ) - The northern belt is marked impersistertly with
subangular brown tourmaline which even exceeds to 63% (samole A/165). Of the
22 samyles including those from outside regions of the Bhagirathi and
Yamuna valleys, the brown variety has been re;orded in 11 separations but its
nercentage is below 3% in most samdles. Brown tourmaline is more than 13% in
only 3 samnples and is subangular in the northern quartzite belt in comparison
to 1ts well rounded globular to ellipsoidal character in the southern belt,

0f the 14 samnles from the southern belt, brown tourmaline is present in 10
separations and variles in]amountvfrom traces to 467 but most of the samples
contain more than 15%, The type of brown tourmaline :nd its higher percentage

are significant,

Unlike the brown tourmaline, the green variety is restricted mainly to
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the southern belt and amounts to 1 = 38% of the fraction. On &n average it is
157 and equals brown tourmaline in percentage. Green tourmaline has been noticed
in 9 sepmarations of the southern belt,

Although pink tourmaline is present in 7 samnles of the southern belt, it
never exceeds 117 and is normally much lowe?(2,3% on an average). Blue and black
tourma'ines, like the pink variety are confined to the southern belt. Thus nink
blue, black and green tourmaline are typical of the southern Quartzite Formation

“belt,

6.9 -3 Other minerals - Staurolite and garmet, though make up a very small

fraction of the heavy mineral suite of the southern belt, are suggestive of
minor differences. Staurolite is totally absent while garnet is present only
in one sample from the northern belt. Rarely flooding of andalusite is noticed
in one sample of the southern belt quartzites. Kyanite and rutile are more or

less uniformly distributed.

6.10 REGIONAL DISTRIBUTION AND STRATIGRACT'ICAL VARIABILITY

The regional distribution and stratigradhical variability of important heavy
minerals are more apparent when plotted on maps (Figs.80 to 87). The following
ﬁeavy mineral associati~ns have been noted in the Quartzite Formation (Fig, 80):

(1) A northern zcne characterised by the predominance of zircon,comprises
whole of the northern belt and basal parts of southern belt mainly along the
Singuni and Main Central Thrusts.

(11) A southern zone consisting of zircon and an increasing amount of

tourmaline occunies the large nart of the southern belt outcrop.

For decinhering any systematic regional distribution of important mineralé,
the relative percentages of tourmaline and zircon of the two associations have
been plotted by means of isolines whose value increase in geometrical progre-
.ssfon (Figs. 81to 87 ). For the purpose, the samoles from the adjoining regions

have also been incorporated in the study for better regional patterns,
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Tourmaline gradually increases from O to more than 80% from north-
east to southwest in the southern belt (Fig. 81), Near the Dharasu Thrust and
Dichli Dolomite, the quartzites generally contain more than 80% tourmaline in
the present area and also in Bhillangana-Rudraprayag regions(samples 5/183,
5/244, 5/252, 5/734,D11, -A 15), Powever, a decrease is noted southeast of

Gamri (samdle A /179) while the tourmaline percentage again increases along

the Mandakani valley (sample T4).

The distribution of zircon also presents distinct patterns (Fig.87 ). Most
of the northern belt samoles contain more than 80% zircom except samples
A/131, A/165.and 5/157 . While basal quartzites of the scuthern’ belt
are rieh in zfrcon, a gradual decrease in its percentage 1is evident from northeas
to southwest, near Srinagar (samiles D11,A15) and castward along the Mandakani

valley (samnle C&4),

Regioral distribution of the 5 tourmaline varicties has been graphically
studied in the southern belt of the Quartzite Formation. Like the tourmaline
group, each variety presents distinct distributive patterns with a general
increase in their nercentages towards southwzst in the stratigrashically younger
horizons., Pink tourmaline, though minor in amount, increases from O to 87
towards south and west along the Déchli Gad(Fip. 82). Similarly the blue and
black tyses increase in the southwest (Fips.83& 84). Their percentages are
more than 8 and 16 along the Dharasu Thrust respectively, Brown tourmaline
oresents a more clear picture and is more than 32% along the Uttarkashd road
(sam>le S/183), Dichli Gad (sample A/177) and near Srinagar (sam>les D 11,

A 15) (F4g.85 ). An eastward increase in the brown variety is noticed along
the Mandakani Valley (samples C 40, C 4), Green variety shows a more or less
similar »attern with maximum concentration (327) along the Bhillangana valley
and Dichli Gad (Fig.86 ). It may be noted that distributive pattern of the

tourmaline group is largely influenced by variability in the brown varilety

(Figs. g1 & 86).
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Similar distributive patterns with isoline maps for different zircon varie-
ties and garnmet have also been attempted. Their patterns are irregular and no

linear nrorression has been noted.

6.11 STATISTICAL ANALYSIS OF GRAIN SIZE OF HEAVY MINERALS AND JUARTZ

The grain size data of important resistant minerals viz.,, quartz,zircon
and tourmaline from the thin sections and heavy mineral separations have been
statistically studfed with the hel? of Smithson and Haggermann diagrams
(cf.,Smithson,1939), The characters of these curves have been briefly described

below:

6,11 -1 QuartziteFormation (Northern .Belt) - The rounded colourless zircon from

the northern Nuartzite Formation belt, varying from 0,04 to 0,30 mm., is generally
less than 0,14 mm, in length, The catena of the Smithson diagram lies flat on

1:1 line with a relatively few grains showing higher clongation and none as much
as 1:5, Majority of the prains are between 1:1 to 1:2 in ratio (Fig, 88). In
comparison,. a féw rounded cloudy zircon grains are coarser (0.43 mm. in length)
though like the colourless rounded varieties, most grains are less than C.14 mm.
in length. The catena of the diagram is flat upon 1:1 line with most of the

grains below 1:2 ratio (Fig.89 ).

The prismatic colourless zircon varies in length from 0.05 to 0,39 mm,
The catena does not lie upon 1:1 line and encloses mary grains nearing 1:5
elongation ratio (Fig.g9). In length, the prismatic cloudy zircon is shorter
than its colourless counterpart., The ovoid shaped catena is not flat and contairs
nearly 357 grains between 1:2 and 1:5 (Fig. 91). The zircon characteristics
from the northern belt closely resemble rounded cioudy variety with similar
shape of the catena and distribution cof the grains (¥Fig. 92). The zircons are

on an average 0.09 to 0.16 mm. in length and 0,06 to 0.11 mm, in breadth,
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The bimodal character of quartz is clear from the Haggermann digpram
(Fig. 93 ).The finer quartz is 0.09 to 0,39 mm. in length while the coarse
grains vary from 0,43 to 1,66 mm. The B/L ratio is greater than 0,6 for many

grains thus indicating a tendency towards higher sphericity and roundness.

6.11-2 Quartzite Formation(Southsrn Belt)- The rounded colourless zircon varies

from 0.06 to 0,23 mm. with most grains falling below 0,15 mm, in length. The
catena lies flat on 1:1 line with only 10% grains exceeding 1:2 elongation ratio
(Fig, 94). On the other hand, rounded cloudy zircon ranges considerably from
0.04 to 0.39 mm. in length, The catena lies flat on 1:1 line with most grains
falling below 1:2 elongation ratio but about 6% grains exceed 1:2 and none
reaching 1:5 (Fig,95). The prismatic colourless zircon grains fall within an
oval shaped catena with length ranging from C.06 to 0,19 mm,.(Fig.96 ). The
length of the nrismatic cloudy zircon grains varies from 0,06 to 0,30 mm. The
catena is elongated with 20% grains baving 1:2 to 1:5 elongation ratio

(Fig. 97 ).

The zircoms from the southern belt subscribe an elongated catena lying flat
upon 1:1 line. The shane 1s largely governed by rounded cloudy zircon, A large
number of zircons are generally 0.09 to 0,15 mm, in length and 0,06 to 0.1C mm,
in breadth(¥Fig, 98).The thin section measurcment of vircon reduces its grain
size considerably, The length varies from 0,03 to G.20 mm., but is generally

Y

lese than 0,09 ma, (Fig. 99 ).

The length of the pink tourmaline grains varies from 0.08 to 0,31 mm. with
most of them lying between 1:1 and 1:2 ratios, The catena of the Smithson
diagram 'ies flat upon 1:1 line (Fig.100). The catena for the blue tourmaline
also lies flat upon 1:1 line and contaimg most grains below 1:2 ratio(Fip.101).
The grains vary in length from 0,07 to 0.26 mm. Thz black tourmaline prains
are considerably less elongated thar 1:2 ratio and vary in length from 0.07

to 0,32 mm, The diagram shows a flat catena upon 1:1 line (7ig.102 ).The green
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tourmaline varies considerably in length from 0,06 to 0,43 mm, and lies within

an elongated flat catena on line 1:1, Most of the grains fall belo&ll:Z elonga-~
tion ratio (Fig, 103). The flat elongated catena on 1:1 line for the brown tour-
maline contain most of the grains below 1:2 ratio with length varying from

0.07 to 0,39 mm, (Fig.104).

The tourmaline from the southern Quartzite Formation belt 1s on an aver age
0.11 to 0,19 mm, in length and 0,09 to 0.15 mm. in breadth. The rectangular
shaped catena lies flat on 1:1 line and resembles the brown tourmaline

variety (Fig,105), Thin section data show reduction in grain size for tourmaline,

The diagram €orms a flat catena on 1:1 line. Most grains lie below 1:2 ratio
(71g.106),
Like the northern belt, quartz from the southern belt 1s also bimodal

in character. The finer grains are 0,078 to 0,273 mm. in length while
coarser are 0, 357 to 1,365 mm, The Hapgermann diarram is elonéated in character
and resembles the northern belt. Most grains tend towards greater equidi-
mensional character with B/L ratio more than 0.6 (Fig.107).

The grain size data of zircon, tourmaline and quartz from the éhinsections:

of other formaticns reveal the following characteristics of the diagrams:

6.11 -3 Laluri Formation -

(a) Laluri A Member - The zircons from the Impersistent quartzites of

the lowest member of the Laluri Formation are 0,025 to 0,15 mm. in length with
most of the grains lesser than 0,065 mm, The catena is elongated towards 1:2
line and tends to 1:5 line (Fig,108). Tourmaline is 0,055 to 0,20 mm. in
length with most of the grains lesser than 0,10 mm. The catena lies flat on
1:1 line with a few elongated grains about 1:2 ratio (Fig.109). Quartz is
mostly fine grained and varies from 0.078 to 0,198 mm,, though some of the
grains even reach 1,95 mm, in length.The Hargermann diagram is elongated and

triangular in shape (Fig.110).
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(b) Laluri C Member - Zircon varies from 0,03 to 0,11 mm, in length (Fig.lll

while tourmaline even reaches 0.20 mm. in length (Fig.112),

6,11 -4 Chandpur Formation - Quartz is 0,039 to 0.156 mm, in length. The catena

of the diagram is narrow with many grains having B/L ratio below 0,6 (Fig,113).

6,11 -5 Nagthat Formation - Zircon is 0,03 to 0,22 mm., in len~th with most

grains falling below 0,07 mm, The catena is elongated along 1:2 line and tends
torards 1:5 (Fig.114), On the other hand, tourmaline varies considerably from
0.03 to 0,40 mm, thcugh most grains fall belo” 0,10 mm, The catena is flat
uron 1 :1 line and is elongated towards 1:2 (Fig,115). Quartz forms a polygonal
shaned catena and>varies in length from 0,032 to 0,208 mm, B/L ratio falls to

0.3+ (Fig.166),

6,11 -6 Dharasu Formation - Zircon is about 50% of the tourmaline amount and

varies from 0,03 to 0,15 mm, in length though the grains are generally less
than 0,07 mm. The catena lies flat updon 1l:1 line and contaiﬁ;only a few grains
exceeding 1:2 ratio (Fig.117 ).The catena of the Smithson diagram for tour-
maline is flat upon 1:1 line and extends beyond 1:2 ratio, The grains vary in
" length from 0.03 to 0,22 mm., though most of them fall below 0.10 mm. in length
(Tiga18 ). The Haggermann diagram for quartz shows an elongated polygonal
shaped catena enclosing the grains between 0,026 to 0,39 mm, in length,though
most of them are less than 0,185 mm, The B/L ratio is generally above 0,5 but

with
there are relatively a few grains/higher ratio than 9,7 (Fig, 119).

6.11 -7 Dunda Formation: Dhanari Slate ~ Comprising about 7% of the total

tourmaline amount, zircon is 0,03 to 0.09mm. in length from the Dhanari Slate,
The catena encloses about 6% zircons between 1:2 and 1:5 lin=s but does not
touch the latter (Fig.lzo). On the other hand, tourmaline is coarser and varies
from 0,03 to 0,14 mm. with large number of grains less than 0,06 mm. in length,
The catena lies flat upon 1:1 line and reaches only upto 1:4 ratior (Fig,6121),

The Haggermann diasgram drawn for quartz shows a polypgonal outline with the
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grains varying from O0.013 to 0,26 mm, in length. The grains are elongated as

majority of them have B/L ratio between 0,2 to 0.7 (Fig.122),

Dunda Quartzite - The wing-like catena for zircon from the Dunda Quartz-

ite member extends from 1:1 to 1:5 with the grains varying from 0,07 to 0,15 mm,
About 127 grains are equidimensional and many of them have an elongatior ratio

between 1:2 and 1:5 (Fig.123). On the other hand, the flat catena for tour-

malineon 1:1 nearly reaches 1:5 line but most grains fall below 1i2 ratio,The
grains are generally below 0,06 mm, and vary in length from 0,03 to 0,15 mm,

(Fig.124). Though only a few Quartz gfains are coarser than 0,26 mr,, these
vary from 0,26 to 0,416 mm, in length. Some grains show lower B/L ratio than

0,5. The catena of the Haggermann diagram is clongated polygonal in shape

(Fig' lzq)-

6.11 =8 Uttarkashi Formation ~ Zircons from the uppermost Bareti Quartzite

member are 0,03 to 0,15 mm, in length, though generally are finer than C,08 mm,
The catena lies flat upon 1:1 line and touches even 1:5 line with many grains
lying between 1:2 and 1:5 elecngation ratio (Fig.126). Tourmaline is about

337 of the zircon amount and varies from C.03 to 0.22 mm, in length with

most grains below 0,10 mm. Lying upon the 1:1 line, the catena of the Smithson
diagram nearly touches 1:5 elongation line (Fig, 127 ). Quartz varies consi-

derably from 0,03 to 0,585 mm, in length and shows a polygonal shaped

Haggermann diagram, The B/L ratio even reaches as low as 0.2 though generally

it is about 0.4 (Fig, 328),

6.12 DISCUSSIONS ON HEAVY MINERAL RESULTS

6.12-1 Criteria of recopnition of formation - The Juartzite Formation of the

northern belt is identified by high percentage of zircon in comparison
to the southern belt., The percentages of the four zircon varieties also

denlete considerably in the southern belt,
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Though minor amount of brown tourmaline is met with in the northern
belt, other varieties namely blue, pink, green gnd black tourmaline are conspi-
cuously absent, Increasing amount of t~urmaline in stratigraphically younger
horizons of the southern Quartzite Formation belt 1s the most characteristic
feature. The maximum concentration of the tourmaline varicties is noted near
the contact with the Dichli Dolomite, Impersistent occurrences of staurolite,
kyanite and garnet signify minor mineralogical changes in the overall ultra-
stable zircon-tourmaline rich suite but these cannot be regarded as diagnostic

of the sguthern belt,

A seemingly excellent method to verify the zircon-tourm/line relationship
in two belts is to study samples from the areas lying outside the definied
limits of the vresent work. For the nurpose, 5 samples from the Bhagirathi and
Yamuna valleys have been incorpOrated in the heavy mineral study of
northern belt (p. 164). The analyses confirm the results of the heavy mineral
characteristics of the northern belt, Additional 14 samples covering parts of
Bhillangana~Srinagar-Rudraprayag areas of the southern belt have been studied
for the confirmation of the heavy min=ral results. Table 19 and Figs. 81to 87
clearly demonstrate that the heavy mineral characteristics of the southern
belt, The results can easily be relied upon for further extensive work in

the quartzites.

6.12 -2 Importance in structural interpretation - The confirmation of

lateral extension of the quartzite belts have also been found useful in
interpretation of regional structure of the adjoining areas. The unmapped
regions between the Yamuna and Bhagirathi valleys raise some doubts about
continuation of the structural units in the northwest., The contrasting heavy
mineral characters especially the tourmaline varieties in the southern belt
undoubtedly indicate that the quartzites of this belt pinch out in northwest

between Rari and Yamuna river, Moreover, the Singuni Thrust separating
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these quartzites from the underlying Dunda Formation appears to have been conceale
beneath the Dharasu Thrust. The quartzites along the Yamuna valley between Gangani
and Kupri-are thus northwest extension of northern belt in the strike Which
belong to the Uttarkashi Thrust Sheet (peM00 ).These have simfilar

structural disposition as along the Bhagirathi river between Dunda and Sainj.

Similar structural interpretation regarding the extension of the southern
belt quartzites.in the southeast is strengthened by the heavy mineral data. Due
to the unsurveyed area between longitude 78° 30' and Bhillangana river, their
possible extension in the southeast appears doubtful. The quartzites along the
Bhillangana valley and further southeast might be considered as belonging to
the northern belt due to a southerly swing in the strike of the quartzites. The
heavy mineral characters of the quartzites(T2ble 19. and Figs. 81 to 87 from the
Bhillangana-Srinagar and Rudraprayag regions undoubtedly prove that,on the
contrary, the southern belt quartzites of the Singuni Thrust Sheet extend in.
the southeast (n, 102)., The quartzites of the Uttarkashi Thrust Sheet are
possibly concealed beneath the Central Crystalline Zone due to a northerly

swing of the Main Central Thrust.

Another structural problem was the possible extension of the Dunda Quartzite
member in the southeast due to narrowing of the Quartiite Formation. The
presence of brown,green, pink and blue tourmaline in the quartzites exposed
between two tributaries of the Dhanari Gad clearly indicatesthat these belong
to the Dunda Quartzite member, since the north:rn and basal southern Quartzite

Formation belts are devoid of these varicties.

6.12 - 3 Results of prain size analysis - The following conclusions have been

drawn from the grain size measurements of zircon, tourmaline and quartz from
the samyles and thin sections of non-calcareous sedimentary formations of

the area:

(i) Thin sectioning of the heavy minerals namely zircori and tourmaline
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reduces their true grain size in comparison with the heavy minernl residues,

(11) On an average zircons of all the varieties from the northern and
southern belts of the Quartzite Formation are essentially of the same size,
A few grains of rounded and prismatic cloudy varieties are coarser than the

colourless zircons from both the belts,

(1i1) The shape of Smithson diagrams for zircon 1s similar in character
from both the belts of the Quartzite Formation and is only slightly modified

by a few scattered grains,

(1v) The average size of tourmaline from the southern Quartzite Formation

belt is coarser than the associated zircon,

(v) The average grain sizes of zircon, tourmaline and auartz are coarser
in the Quartzite Formation in comparison to the other formations of the area,
The size of these minerals {s similar in the Nagthat Formation, Dunda Quartzite
and Bareti Quartzite, The Laluri Formation and Dhanari Slate comprise
finer zircon and tourmaline grains than the other arenaceous formaticns while
the Dharasu Formation is intermediate in grain size between the Quartzite

Formation and others.

(vi) Bimodal character of quartz has been observed in both the belts of
the Quartzite Formation, Though a few quartz grains are coarser in the northern

belt, their average grain size remains the same,

(vii) The shape of the Smithson diagrams for zircon and tourmaline for
the - Quartzite Formation of the southern belt 1s distinct from the other
formations of the area and camnot be compared with them. On the other hand,
the Nagthat Formation, Dunda Quartzite and Bareti Quartzite have similar
distribution of average zircon and tourmaline prains., The shape of their Smithson
diagrams are mutually comparable if only a few scattered zircon and tourmaline

grains are not taken into consideration.

(viii) The Haggermann diagrams for quartz from both the helts of QJuartzite
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Porrution have similar shape and size distribution but differ consi-
derably from those of the other formations., The Dharasu Formation shows a
different pattern of the Haggermann diagram while those of the Nagthat Formation,
Dunda Quartzite and Bareti Quartzite bear strong rescmblance with each other

and are mutually comparable,

The Smithson and Haggermann diagrams for zircon,tourma’ine and quartz from
other formations of the Lesser Himalaya are now available (Valdiya,1965;
Misre and Banerjee,1968a).A comparison of these diagrams reveals that the
Quartzite Formation bears strong resemblance with the stratigrachically
equivalent Bering Quartzites of Pithoragarh and Bageshwar areas regarding
size, distribution and shape of the diagrams for zircon, tourmaline and quartz

while the relations with other formations are not clear.

6.12-4 Phenomenon of sedimentary authipenic tourmapline - Krynine(1946)

classified sedimentary authigenic overgrowth as one of the important tourmaline
tyves and observed its restricted stratigraphical and widespread lateral distri-
bution in the Central Appalachian Mountains. In the Quartzite Formation, the
overgrowth is faint bluish and pleochroic in character upon varied coloured
tourmaline grains, It contradicts the earlier observation that the colour of
the overgrowth resembles the nucleus (Stow, 1932).The uniform colour
of the overgrowth indicates minor changes in the chemical composition during
1ts formation in relation to the nucleus and has been attributed to richness of
@3gresium content and possible Ca and Na (Krynine, op.cit.), The overgrawth
1s restricted to the antilogous pole of the C - axis(Atly, 1933).The frosting
and pitting of smooth tourmaline surfaces at grain contacts 1s one of the
possible local source for the production of solutions necessary in the formatinn
of the overgrowth and appears to have taken place early during the diapenetic
process as is evidenced by interfingering ° of the authigenic tourmaline and
quartz. On the other hand, fracturing and removal of tourmsline material
in solution from some of the grains which still show well preserved rounded

o



182

outlines suggest that the intrastratal solution of tourmaline grains is,in

part, also added by metamorphism,

Secondary authi{genic tourmaline overgrowth has also been observed by Rao
(1952) ,Gokhale and Bagchi (1959), Bagchi and Gokhald1959), Awasthi (1961)
and others from the Vindhyans, Cuddapahs and Kurnools, In the Lesser Himalaya,
the stratigrashical significance and lateral distribution of the authigenic
secondary tourmaline overgrowth can be fully understood after detailed heavy

mineral studies of other formaticns,

6.12 -5 Problem of alteration of heavy mineral assemblages - The occurrence

of ultrastable heavy minerals in the mineralogically and texturally mature
quartzites confirms the views of Hubert(1962) that the heavy mineral stability,
as measured by ZTR ratio is usually directly related to the maturity of the

light fraction. In this repard, two possibilities should be considered:

(1) The heavy minerals derived by the erosion of the source rocks differ
little from those in these quartzites. In other words, the heavy minerals are
valid indicators of the provenance conditions, |

(11) The heavy mineral assemblages have been significantly modiffed i,e.,
the heavy minerals do not represent the original assemblage derived from the

source area.,

In this regard Van Andel(1959) claborated four processes which are capable

of altering the original heavy mineral suites,

(a) Alteration by weathering - The removal of less stable heavy mineral

species due to wenthering under suitable conditions has been demonstrated by
many authors(Dryden and Dryden,1946; Sindowski,1949; Weyl,1952), though the
opinions differ regarding their order of stability (Pettiiohn, 1957, Table 95).
The prolenged weathering of broad, low relief regions in the source area
under stable tectonic conditions can effectively alter a less stable heavy

mineral suite to zircon, tourmaline and rutile rich association(Van Andel,1959),
.
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Such Weathering conditions in the source area for the Quartzite Form tion
are evidenced by mineralogical maturity of light and heavy minerals, Thus,
weathering of the heavy minerals in the removal of less stable specles before

transportation of the detrital material appears to have played a prominent
role in the concentration of - ultrastable minerals like Zircon,tourmaline

and rutile in the Quartzite Formation,

(b) Alteration by selective abrasion - The experimental work dealing with

effects of the mechanical abrasion of minerals has cleariy demonstrated that
the heavy minerals offer variable resistance to Wearing processes(Pett{ john,
1957,pp,558 =561). On the contrary,the study of river transported sediments
even to 1500 km, has not supported these experimental rGSUItS(Russel,1939;
Van Andel,1950), Only in conditions of Prolonged quiascence,very lons rewerk-
ing of detritus for the thick, Quartzite Formation may possibly result in

destruction of the mecharically less stable species (cf,,Van Andel,1959),

(¢) Alteration by selective sorting - The third Possibility is that

the composition of the heavy mineral assemblages can be modified by selective
sorting of the sediments during transportation and deposition. Van Andel(1954)
has shown its importance in the variation of the Rhine delta assemblages but
on the other hand, Stanley(1963) considered it insignificant in removal

of the heavy minernl specles in the Alpine flysch,

The average grain size of Quartz, zircon and tourmaline from differ-
ent formations of the ares supports the view of Udden (1914), Russel (1936),
Rittenhouse (1943) and others that - small heavy mineral grains settle down
with larger light minerals in the same depositional envircnment. Due to
similarity of the average grain size of zircon and quartz from the northern
and southern belts of Quartzite Formation and the universal association of
zircon and tourmaline in coarse sediments, it seems unlikely that the latter
can be selectively sorted from zircon to develop two associations in these

quartzites, .
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(d) Alteration by intrastratal solution - The loss of less stable heavy

mineral species after the deposition of the sediments has been referred as
intrastratal solution. The decreasing complexity in heavy mineral suites with
geological age has led Pettijohn (1941,1957,p,676) to coneclude that the older

sedfments seem to have lost their less stable species by intrastratal solution,

The absence of relict less stable heavy minerals and tynically corroded
and hacksaw margins are indicative of minor and insignificant role played
by the intrastatal solution in the Quartzite Formation, On the other hand,
the restricted ultrastable mineral suite of these quartzites indicate that
diastrophism and tectonism of source anddepositional areas ultimately control
the occurrence of heavy minerals rather than their stability and #ntrastratal
solution(cf.,Krynine,1942; Van Andel, 1959; Chanda,lQéO;Gazi,1965; and Sinha

et al., 1967),

In conclusion, the heavy minerak in the Quartzite Formation are rossibly
not represéntative of the minerals originally eroded from the source area. Pra-
lonped , weathering and abrasion under stable tectohic conditions appear to
have favourably altered an originally less stable heavy mineral suite to
an impoverished restricted ultrastable ‘assemblage consisting of zircon,

tourmaline and rutfle with minor amount of garnet,stzurolite and kyanite,

Hence the varieties of zircon and tourmaline and minor amount of other
minerals can only be relied upon for deciphering the composition of nrovenance
which has supplied detritus for the thick Quartzite Formation, However
absence of many tourmaline varieties in the northern belt of the Quartzite
Formation is difficult to explain by the known processes of alteration as

enumerated above and reflects mineralogical changes in the source area,

6.12 -6 Provenance of Quartzite Formation -

(1) Locaticn of source area - One of the difficult aspects of the problem

is the location of the source area for the thick Quartzite Formation, Lack of
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sufficient palaeocurrent structures like current bedding and ripple marks has
made this task more difficult, As has been mentioned 1in Chapter 2(p,26 ),

a few current bedding directions in the Quartzite Formation are indicative

of southwesterly currents thus point towards a northeasﬁerly source for the

supply of detritus,

West(19354), Wadia and West(1964) and Krishnaswami and Swaminath(1965)
observed two separate and parallel geosynclines within the Himalayan range
separated by the present crystalline axis which constitutes the Central
Himalaya. The Central Himalayan Geanticline,as it has been designated by
Wad1a(1955,1961), comprises Archaean and Precambrian rocks with large
intrusive granites(Wadia and West,op.cit.),Based upon the arkosic character
of the Lower Palaeozoic Nagthat Quartzites, Auden(1934 a) envisaged some
granites of pre-Palaeozoic age. The granitic rocks of the Central Himalaya
have been assigned different ages from Pre-cambrian to Tertiary(Pande
and Saexena,1968).The composition of the Central Himelayan Geanticline has
been best described by Gansser(1964, P.235),"Cneisses,migmatites,crystalline
schists,thick quartzites and some tectonized granite intrusions form the
basal part of Main Central Thrust sheet and may be compared with the
Archaean rocks of Indian shield. In the upper part of the erystalline thrust
mass follow conspicuous marble, lime silicates horizons with amphibolites
and psammite gneisses and the huge schistose section which reflect the

Algonkian(Purana) part of the shield rocks".

It {s tentatively proposed that the Central Crystalline Zone which is
thrust upon the Garhwal Group of rocks possibly constitute the ° bulk source

for the Quartzite Formation during the Algonkian period.

(11) Characters of source rocks - The restricted ultrastable heavy

mineral suite of the Quartzite Formation comprising mainly zircon,tourma-
line and rytile limit the correct interpretation of the parent source

rocks in a very broad sense., As has been elaborated previousgy(pp. 182-183),
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prolonged weathering and abrasion of the detritus for these thick quartzites
- appear to have considerably modified the source rock. material to eliminate
many unstable heavy mineral species., Hence the parent source rocks of this
formation can only be worked out from the varietal characters of tourmaline

and zircon,

In the present case,the colour and internal morphology of tourmaline
can be the possible reliable indicators of source rock conditions,
Based upon Krynine's(1946) classification of tourmalipe types and Deer et al,
(1962 a, p.315), the following primary rocks are indicative of ultimate

source for the Quartzite Formation:

(a) granitic rocks - dark brown, green or pink tourmaline ; small to
medium size grains with bubble inclusions,

(b) pegmatitic rocks -blue tourmaline, also other colours;large grains,

In the Central Himalayan Geanticline source area after the formation
of argillo -arenaceous rocks from these two primary rocks, the sediments
Were possibly subjected to low to high grade metamorphism, migmatisation and
affected by large scale igneous intrusions to develop a complex metamorphic
terrain during the Pre-cambrian (Ganssar,op.cit. p.235). Pegmatized injected
metamorphic terrain comprising of slates,phyllites,metaquartzites,quartz
schists,quartz mica schist etc,will further add brown,pink and greenm tour-
maline varieties,For this type of complex terrain'long period of peneplanation
characterised by Vigorcusand prolong chemical decay are especially favourable
for the concentration of tourmalire tynses In the produced detritus at the
expense of other less stable mineral species. Such periods of diastrophic
quiesence increase both the relative abundance of tourmaline in the following
sediment and also the absolute number of tourmaline varieties into it",

(Krynine,1942,1946),

The distinction between the first cycle and multicycled material is
of importance(Pett{john,1957,p.812) but the definite evidences like abraded



187

overgrowths upon tourmaline are generaliy lacking in the Quartzite Formation,
The secondary overgrowth upon tourmaiine can survive next cycle of sedimen-
tation (Krynine,1946) but its delicate nature can possibly be largely or
completely destroyed under prolonged abrasion which the detritus for these
quartzites must have suffered., The general considerations viz,,coarseness of
quartzites,bimodal character,mineralogical and textural maturity of light
and heavy minerals indicate that these are possibly reworked supracrustal,
low to high ranking metamorphic and acid igneous rocks of the Central Himala-

yan Geanticline which has largely contributed the ultrastable tourmaline,

The preponderance of rounded,ellipsoidal and globular zircon in com-
parison to prismatic or euhedral varieties clearly indicate their multicycle
character(Pettijohn,1957, Table98). Most of the grains are devoid of
any overgrowth and outgrowth. Such overgrowths upon the rounded zircon
covers have been generally considered as a strong evidence for the sedimen-
tary origin of the granites and granite gneisses due to high grade meta-
morphism and granitisation of sediments(Poldervaart 1950,19563Wyatt, 1954;
Eckelmann and Kulp,1956; Eckelmann and Poldervaart,1957). Thus, the lack of
such features in the zircons of the Quartzite Formatirgpossibly reflects
magmatic characters of the primary acid igneous source rocks of the Central

Himalayan Geanticline during the Precambrian times.

Though the significance of zircon in many geolopicalproblems has been
recently doubted due to its widespread development during authigenesis and
low grade metamorphism (Saxmna 1966) the rounded zircon has been €onsidered
diagnostic of sedimentary and metasedimentary rocks(Wyatt,1954; Vitanage,1957;
Verspyck,1961; Myrthi and Siddique,1964). The character of many zircon
varieties remains . unchanged during low grade metamorphism and has also
helped 4n correlation and tectonic interpretation (Carroll et al., 1957;

Marshall,1967).
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The zircons from Central Himalayan Geanticline have not been studied 4n
detail so that these can be helpful in the interpretation of characters
of the source rocks., The recent study of zircon morphology 1s the only avai-
lable work(Gupta,1966, 1968).1t has been noticed that the zircons alter to
euhedral form with increasing metamorphiSﬂ and subscquent migmatization, The
clouding of zircon is more common in the metasediments than in their final

metamorphic derivations i.e.,gneisses (Gupta,1968),

Minor amount. of staurolite,garnet and kyanite in the southern belt of
the Quartzite Formation is indicative of the high ranking metamorphic prove-

nance,

6.13 SIGNTIFICANCE OF HEAVY MINERAL STUDIES

As has been mentioned (Chapter .2), the Quartzite Formation- is possibly
the oldest lithostratigraphical unit in the area of probably Algonkian age
but {s occurring above the younger Dunda-Uttarkashi Formetions due to the
thrusting into two separate sheets(Chapter 3). Based upon the similar field,
megascopic and microscopic characters, it has been found practical to group
these into a single formation. The quartzites contain an ultrastable,limited

heavy mineral gyfte comprising mainly zircon and tourmaline.

Though the concentration and richness of zircon in the fine grained
argillaceous sediments have been primarily attributed to its small size and
high specific gravity(Rittenhouse,1943), its occurrence as the only important
heavy mineral in the northern belt secems to be peculiar., It becomes more

apparent because of the total absence of tourmaline except the brown varieties

in the north while in the stratigraphically younger beds of the southern belt,
tourmaline has been noticed gradually increasing in abundance and variety,
Due to the almost universal association of tourmaline and zircon in the
arenaceous rocks,it becomes difficult to explain the absence of tourmaline

from the northern belt by the above mentioned processes of alteration(p 182).
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Penecontemoraneous With it, a late formation deaes rot appaar to be sudoorted
by observations! Similarly Edwards and Becker(1951) observed that iron sulphide
oceurs in some modern muds and is seggregated after burial and has crystallised -

to nyrite.

Weller(op.eit., 9.173) mentioned that cven 57 of iron sulphide will impart
2 dark grey or black colour to the rock. This exslains the grey and black
colours of the insoluble residue and hence of the rocks from the Uttarkashi
and Khattukhal Limeston:s, due to the prescnce of small cubes and finely disse-

minated pyrite,

6.3 CHEMICAL ANALYSIS

Out of the thirtynine samples analysed for the insoluble residue study,
twentysix samoles were selected mainly along ° throe sectione of the Dichli
Nolomite,Khattukhal and Upner Uttarkashi Limestones “or the chemical analysis,
10-15 gm. of the samnle was powdered and made fine in the agate mortar. About
1 gm. of the weighed powder was comiletaly dissolved in dil.dC1, The solution
was made to 25C c.c, and was titratzd for calcium and magnesium by E.D.T.A,
(Ethylene Dinitrilo Tretrnacet ic icid) nfter precipitating iron and aluminium

(cf., Tordy,1955). The data for calcium and magnesium are presented in Table 17
6.3 -1 RESULTS

The terminology for the clossification of carbonste rocks on the basis of
caleium and magnesium is diverse (Fettijohn,1957; Chilingar,1957). In
present work the carbonates have been classified accrrding to Pettijohn(1957,
n.418). Three samnles contain an excess of Mg0 than ?1,6% - the theoritical
value for dolomite and do not fall into any category defined by P=tti john, +
Thase are magnosian dolomites. The average Mp0% for the Dichli Dolomite,.

Khattukhal and Uooer Uttarkashi Limestones is 16,8, 6.3 and 8.53 resoectively,



189

Taking into consideration the above facts, it 1s tentatively proposed
that the rorthern belt quartzites are comparable with the lower southern belt
quartzites on the basis of zircon rich characters of the heavy mineral suite,
These'possibly had a zircon rich provenance which was mainly devnid of
tourmiline, The gradual increase in abundance and varieties of tourmaline
in the stratigraphically younger horizons of the southern belt thus indicate
possible switching of the source rocks which,upon élow peneplanation and
uplift,gradually were exposed and shed tourmaline rich detritus along with
small amount of zircen wupon deeper erosion. A change in the source rocks is
also reflected by the minor changes in zircon varieties and impersistent

occurrences of kyanite,staurolite and garnet in the southern belt.

The gradual increase in tourmaline percentage in the stratigraphically
younger horizors of the southern Quartzite Formation belt seems to be a
regional phenomenon and cannot he called as fortuitons,The observation, not
only holds good for the present area,but is also valid for the Bhillangana
valley - Srinagar-Rudraprayag areas for about 80 km. along the strike of the
formation,

A 8imilar situation appears to be occurring in some arecas of Almora and
Pithoragarh districts where a recent study of heavy mineral characters from
the Ganai area reveals that the stratigraphically older Simal Formation of
the Berinag Quartzites Group is devoid of any tourmaline while the younger
Salia Formation by its abundance(Kumar,196%2)-Keeping in view that the
stratigraphical succession in parts of Almora-Pithoragarh area is completely
inverted(that is why the younger Salia Tormation is exposed at the base -
Misra and Kumar,1968), an increase in tourmaline in the stratigraphically
younger beds of the quartzites is more significant and appears to have taken
place near the contact with earbonate rocks(Dichli Dolomitef Gangolihat
Doldmitesd.In case this relationship is properly established in the Berinag

Quartzites on a regional scale,it can be an important criterion for the
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Stratigraphical inversion of the sequences Where the reliable sedimentary
structures are lacking in the quartzites and will form a sound basis for
the stratigraphy,correlation and structure of these complicated rocks of

the Deoban -Te jam Zone.



7.1, INTRODUCTION

The complex stratigraphical problems of the Lesser Himalayan region
especially between Simla and Kumaon can be successfully tackled only if the
Systematic mapping from one end to the other is undertaken with a view to
establish the strike relationships amongst the pre-Tertiary formations, Due
' to complete absence of recognisable fossils in the pre-Tertiary sequences,
the stratigraphy and correlation of rocks in this part of the Lesser Himalaya
have been solely based upon the grade of metamornhism and lithological
variations which have largely been affected by the thrusts and shears of
great magnitude. Thus these factors have rendered SUéh correlations -dubious

in nature,

Since the present area encompasses the Deoban-Tejam Zone and northern
parts of the Simla-Krol Belt of Gansser(1964,p,.85), it is logical to review
the stratigraphy of both the belts in order to point out the salient points
for correlation. In the present chapter,the stratigranhical relationships
of the various formations in the area are discussed and then correlated

with other lithostratigraphical units of the Lesser Himalaya,

It may be emphasised that ,though some of the unsurveyed regions
between Simla and Kumaon have now been mapped by the Geological Survey of
India, 0il and Natural Gas Commission, Atomic Energy Department and State
Directorates of Geology & Mining, the geological maps are not made avallable
to other research workers in the field, Amidst such handicaps,the regional

correlation of the formations can only be tentative,

7.2 PRE-BLAINI STRATIGRAPHY OF SIMLA-KROL BELT

As a result of the systematic geological mapping Pilgrim and West(1928)
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Worked out the following pre-Blaini stratigraphical sequence in the Simla

Hills :

f Formation Probable age
Blaini Conglomerate Lower Gondwana
Simla Series(Infra-Blaini) Lower Palaeozoic
Jaunsar Series Purana
Chail Series Purana
Jutogh Series Archaean

In this scheme, the stratigraphical grouping is primarily based upon
the grade of metamorphism. The most metamorphosed e.g.,Jutogh Series, though

occurring higher up in the sequence due to large scale thrusting,were
regarded as the oldest,

On the basis of the revised and detailed mapping of the Simla ares and
the southeastern region, Auden (1934a,1937,1939) proposed the following

pre-Blaini stratigraphy of the Simla-Krol Belt:

Auden(19344) { Auden (1937) 1
§
Solon Area | Tons Area Garbwal Region
Rlainis Blainis | Blainis
I ———Unconformity ——— ! Unconformity % Unconformi ty
!
Jaunsars with possible Nagthats FRDse ] Nagthats
C
Mandhalis handpurs Bitinn
Mandhalis
Simla Slates with Deoban Limestone Chandpurs
Kakarhatti Limestone Simla Slates(Morar- { Simla Slates
i

Chakrata beds)
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It shou'd be pointed out that the fundamental difference in the Pilgrims
and West's (1928) and Auden's(1934a) schemes is the stratigraphical position
of the Simla Slates., This has been considered as younger to the Jaunsar
Series by Pilgrim and West and older to the Jaunsars by Auden. In the
Kalsi-Chakrata regions, the Jaunsar Series assumes great thickness and
consists of the Nagthat, Chandpur and Mandhali St~ges, Auden(1934b) reported
continuation of the Chandpug Stage upto Nag Tibba and Nagthat Stage upto
Kaudia. Auden (1936) raised these stages to respective series due to their
considerable thickness and great development in the Kalsi-Chakrata region
and postulated a thrust between Mandhalis and Chandpurs on the northern limb
of the Jaunsar Syncline. Also, the Nagthats appear to have unconformable
contacts with underlying formations indic~ting Palaeozoic earth. movements in

the Himalaya. Thus, Pascoe(1959, p,452) enumerates the following succession:

Nagthats

Unconformity

Chandpur Series

o Thrust

Mandhali Series

From the above account,it is evident that over a great part of the
Simla-Krol Belt, the Nagthat-Chandpur-Mandhali sequence is stratigraphically
normal but is plicated by thrusting and unconformityin the Kalsi-Chakrata

region,

7.3. STRATIGRAPHY OF THE DEOBAN.TEJAM ZOME

The published geological work in this inner sedimentary belt mainly
deals with the eastern Kumaon region and Shali-Deoban-Chakrata area in the

west, For the purpose of description, these have been dealt separately,

7.3 -1 Eastern Kumaon Region - Gansser(1964, p.85) has divided the Deoban-

Tejam Zone into a northern Chamoli-Tejam Zone lyirn betweers the Main Central
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Thrust and the Askot-Bai jnath crystalline thrust masses and a southern

Badolisera-Pithoragarh Zone occupying the region between the latter and the

Almora-Dudatoli mass,

The southern zone consists of a thick sequence of quartzites, limestones
dolomites,slates and metabasics, The predominantly argillo-calecareous rocks -
have been grouped into the Calc Zones of Badolisera (Heim and Gansser, 1939)
and Pithoragarh(Misra and Valdiya,1961; Valdiya,1962, 1964c). The arenaceous
rocks have been named as the Quartzite Series(Misra and Valdiya,1961) or
Quarteite Zone of Berinag (Valdiya,1962,1964c) which 1is ranked as a group
being called as the Berinag Quartzites (Misras and Raner jee,1968), The
stratigraphy of the sedimentary zome of the Badolisera-Pithoragarh Zone in

the Pithoragarh-Bageshwar-Ganai regions 1s as follows (Valdiya,1962):

Thalkedar Beds
Calc Zone of Sor Slates
Pithoragarh Stromatolite limestones and Magnesite beds

Gangolihat beds

furple phyllites of Asurchula-Nag Belt
Quartzite Zone Massive purple quartzites and pebbly beds

i of Berinag Sericite quartzites and chlorite-schists of
Charma-Berinag Relt

[
{

smphibolites

i
i
¥
i
i
I3

In the revised stratigrapty of this region, Valdiya (1969) raised
the Calec Zone of Pithoragarh to the group rank and reclassified it into four
formatinons e,g., Gangolihat Dolomites, Sor Slates, Thalkedar Limestones and

Rautgara Quartzites.

The work of Misra and Valdiya (1961), Valdiya(1962,1965), Misra and

Kumar(1965,1968) and Misra and Banerjee (1965,1968) indicates that the whole
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8edimentary succession in the Pithoragarh,Bageshwar and Ganal regions of the

Badolisera-Pithoragarh Zone is inverted,

The northern Chamoli-Tefam Zone has been investigated by Heim and
Gansser(1939), Auden:(1935) and Gansser(1964,pp,95-98), The following

Sequence has been worked out by Audentop.cit,) along the Alaknanda river:

Volcanic Suite (top)
Karanprayag and Chamoli Quartzites

Massive limestones (bottom)

The thick quartzites are seen overlying the massive dolomite sequence
between Chamoli and Main Central Thrust. But the stratigraphical relations

between the quartzites and dolomites are still uncertain (Gansser,1964, p.95),

7,3-2 Centra! Garhwal Region - As has been classified here, the central

region covers an area between the Yamuna and Alaknaada tivers of the Deoban-
Tejam Zone, Auden's work(1935, 1936, 1938,1949) in this region has shown
thick development of limestones,dolomites,quartzites,slates and basic rocks

which have been grouped into the Barahat Series or Sarhwal Series A

Auden(1936) indicated a lower slate and limestone Sequence followed by
a thick series of quartzites which overlie and underlie the limestones along
the Bhagirathi river., The massive limestones and doiomites have heen reported
at the following localities: north of Uttarkashi,Giunoti,Pirhi (Auden, 1938);
Manwa Devi,Ganourgarh (Auden,1935); Maniknath and Scra with stromatolites

(Nautiyal and Jain,1965),

The traverses by Nautiyal(1953) and Tewari,Sethi,Kakkar and Seitz(1963)
broadly confirmed the earlier views without contributing much to the strati-

graphy of the region,

7.3-3 Western Chakrata-Deoban-Shali region- The inner sedimentary zone appears

to be represented by a thick series of limestones,sh~les and dolomites known
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as the Deoban Limestone in the north of Chakrata, These are underlain by the
Simla Slates though the contact relations are still obscured, In the north,

the Deoban Limestone is overlain by the Mandhali Series, Oldham(1883) reported
closely chambered shells from the Deobans which have been Tecently 1dentified
as stromatolites(Misra,1969; Valdiya,1969). On the other hand, the Mandhali
boulder beds grade into the Deobansand contain boulders of limestones and
dolomites derived from them (Oldham, 1883), Hence the Deobans will automatically

be placed stratigrashically below the Mandhalis (Pascoe,l959,p.825).

In the north of Simla, the Shali Series comprising of quartzites,slates
and limestones 1is exposed below the Chails in the Shali Window (Pilgram and
West, 1928; West,1939), The fol lowing stratigraphy of the Shali Series has been

Wworked out by West (oo elE. )

Subathu and Dagshais

Unconformity

Madhan Slates
Shali Quartzite
Upper Shali Limestone

Shali Serieg Shali Siate : |

Lower Shali Limestone

s e MR e

|

Khaira Quartzites |
Shali Thrust :

Chail Series i

7.4 STRATIGRAPHY AND CORRELATION OF LITHOSTRATIGRAPHICAL UNITS OF THE AREA

Tn the area, the mutual stratigraprical relations are complicated due
to the presence of large scale thrusts along many lithostratigraphical
contacts,sedimentary facies variation across the strike of the beds and their
unfossiliferous character., An orderly description of their field,megascopic

and microsconic: characters has been given in Chapter 2,while the Chapter 3
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incorporates their structural disposition in the field, On the basis of the
grad-tional contacts between many lithostratigraphical units, Table 20
summarieses the stratigraphy of each Structural unit separately while their

mutual correlation has been given in Figure 129,

The normal overthrust Quartzite Formation,probably the oldest litho-
stratigraohical unit of the Garhwal Group,resembles the Netala Quartzite
member of the Uttarkashi Formation. Both are conspicuous by abdence -
of the detrital mica,rock fragments and feldspars and are mineralogically

mature.

On the other hand, the carbonate rocks of the area comprising of the
Dichli Dolomite,Khattukhal Limestone, Lower Uttarkashi Limestone and Bangaon
Limestone are mutually comparable, The Dichli Dolomite conformably overlies
the Quartzite Formation and occupies the same stratigraphical position as the
Lower Uttarkashi Limestons above the Netala Quartzite, The Khattukhal
Limestone and Lower Uttarkashi Limestone are different in lithology from
the Dichli Dolmite but bear strong resemblance with each other and Bangaon
Limestone - an eastward extension of the Deobans. These possibly appear to

be the two facies of the Deobans (Chapter 8).

The Pokhri Slate of the Uttarkashi Formation has been correlated with
the Dhanari Slate member of the Dunda Formation, These slates overlie the
Khattukhal and Lower Uttarkashi Limestones and are also compared with the
Laluri and Chandpur Formations of the Simla-Krol Belt in the area. These are
generally carbonaceous and nonlaminated in the lower part (Laluri A Member,
basal few metres of the Dhanari Slate and the Pokhri Slate outcrop near
Netala).The slates become arenaceous in the middle part of their sequence
€eg., Laluri C Member, purnle quartzites and slates of the Dhanaris and
quartz sericite schists of the Pokhri Slate member near Hinna, The argilla-

ceous sequence is laminated in character in the upper part (Chandpur



198

Formation, upper parts of the Dhanari Slate and Pokhri Slate),.

Though the Upper Uttarkashi Limestone 1s identical in character with
the Lower Uttarkashi Limestone, it resembles with the Khattukhal Limestore
chemically as well as in the insoluble residue. The limestone member
pinches near Sada and Dilsod along the strike and appears to be lensoid in

shape.

In the present area, the Nagthat Formation has been correlated with
the Dunda Quartzite and Rareti Quartzite members cf the Dunda and Uttarkashi
Formations respectively, These quartzites have sinilar lithology,though the
Pareti Quartzite member also contain a metabasic and arenaceous limestone
horizon.The quartzitesare conspicuously characterised by well defined
bedding, argillaceous intercalations and buff-grey-green-purple colours.

The quartzites are invarisbly micaceous and feldspathic in comparison to
buff-white,nure, mineralogically mature quartzites of the Quartzite
Formation. The contrast is striking and is characteristic of the two

arenaceous horizons,

From the foregoing correlation of the lithostratigraphical units of
of the area, it 1s evident that the Dunda and Uttarkashi Formations can
easily be correlated with each other. These formations are exposed in the
Dunda and Uttarkashi Windows and are separated from eath other by the
Nagni Thak Klippe of the overthrust Quartzite Formation (p, 94 ), From their
opposite dips beneath the remnant Klippe, 1t can be inferred that these two
formati~ns represent a more widespread sequence which, in the present area

is exposed into two windows {pp.96-100),

The Dharasu Thrust separates the Garhwal Group of rocks, from the
Dharasu Formation, the stratigraphy and correlation of which will be

discussed on p, 208).
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7.5 CORRELATION WITH THER REGIONS OF THE LESSER HIMALAYA

Table 21 summarises - possible correlation of the lithostratigrap“-ical
units of the area with other formations of the Lesser Himalaya between

Simla and Xumaon regions.

7.5 -1 Garhwal Groun - In the central region of the Deoban - Tejam Zone, the

Garhwal Group corressonds to the Barahat Series or the Garhwal Series of

Auden(1938,1949) or to the Garhwal Window Series (Dutta and Kumar, 1963},

7.5-2 AQuartzite Formation and Netala Quartzite - Possibly the oldest

lithostratigraphical unit of the Garhwal Group, the Quartzite Formation
( = Netala Quartzite of the Uttarkashi Formation) occurs in a normal
succession which has been thrust over the Dunda and Uttarkashi Formations

and is conformably ov.rlain by the Dichli Dolomite in the southwest,

Auden(1936,1949) observed extensive development of the quartzites
which overlie and as well as underlie the slates and limestones along the
Bhagirathi river. These quartzites have been grouped here as the Quartzite

Formation of the Garhwal Group,

From the tectonic map of Garhwal and Kumaon (Map 12) it is evident
that the Quartzite Formation is relatively narrow along the Bhillangana
river, Similar schistose sericite quartzites have also been noticed in the
Ghuttu Window (Nautiyal~personal communication).It is apparent that a part of -
the Quartzite Formatinn extends beneath the Main Central Thrust (p.101) to
reapvear again between Mandakani and Alaknanda rivers, It extends in the
southeast as a normal succession into the Srinagar- Rudraprayag area and
joins with the Chamoli-Karanprayag Quartzites nlong the Alaknanda river
where the similar quartzites are overlying slates and limestones Koo F

Auden, 1935),

The eastern region of the Deoban - Tejam Zone exhibits thick and

widespread quartzites which have been grouped into the Berineg Juartzites
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in the southern Badolisera - Pithoragarh Zone (Gansser,1964,p.94), These
comprise fawn, milky white massive quartzites, sericite quartzites,ortho-
quartzites, purple phyllites and metabasics in the Almora and Pithoragarh

districts,

The Quartzite Formation has been correlated with the Berinag Quartzites
on the basis of their lithological similarity (excupt the purple phyllites
in the latter), the presencé of the metabasics and their stratigraphical
position below the dolomites containing Collenia (Dichli and Gangolihat
Dolomites). Undoubtedly these thick quartzites of the area join with the

Karanprayag -Chamoli Auartzites and Berinag Quartzites (Map 12).

Similar sericite quartzites have also been noticed in the northern
Chamoli-Tejam Zone (Gansser, op.cit., pp.94-96) near the Main Central Thrust
with phyllites and schists intercaslations whereas in the central region along
the Bhagirathi and Yamuna rivers, these are devoid of any phyllites near this

thrust.

It is interesting to note that the Berinag Quartzites, though strati-
graphically older th-n the argillo-calcareous sequence of the Calc Zones
of Pithoragarh and Badolisera, overlie the latter (p. 194 ) because the whole
pile of the metasedimentaries has been found to be inverted. This is
evidenced by a number of Primary sedimentary structures, reversal grade
of met amorphism and sedimentary facies (Misra and Valdiya, 1961;
Valdiya, 6 1962; Gansser,1964,p.94; Misra and Baner jee, 1965,1968,1969; Misra
and Kumar,1965,1968), On the other hand, the Quartzite Formation has been
observed in a normal succession in the Uttarkashi, Srinagar and Rudraprayag
areas between longitudes 78° and 79° but is thrust over the predominantly

argillo-calcareous Dunda-Uttarkashi Formations (Chapter 3),

In the northwest, the Quartzite Formation extends uoto the Yamuna

river and appears to pinch out around Banchangaon due to the tapering off
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the Garhwal Group rocks (cf.,Auden,1949), Along  the Yamuna, it is exposed in
two outcrops of the northern belt, The southern Quartzite Formation belt has
considerably narrowed down to about 200 metres near Giunoti and pinches out
between "ari and Yamuna river (p. 100 ), This is also evidenced from the heavy

mineral data (Chapter 6).

In the western region of the Deoban- Tejam Balt, it is noteworthy that
the Quartzite Formation resembles with the middle and upper stages of the
Crail Series which comprises pure quartzites,quartz schists and schistose
grits(¥est,1932)., In the northern Chakrata, the Chail Series is scparated
from the underlying Mandhali Series and Deoban Limestone by the Chail
Thrust, Oldham's (1883) Bawar Series corresponds to the Middle and Upper
Chails(West,1931,1932), When traced in the northwest to the Shali area, the
Crail Series shows only the lerr stage comprising of grey slate,phyllite,
talc schist and banded limestone and is thrust over the Shali Series as the

Chail Nappe (West 1935),

Pascoe (1959,p.438) has summarised the equivalents of the Chail Series
as follows:" The tendency of the recent work suggests the possiblity that
the Upper Jutoghs, Upper Salkhalas and Lower Chails Are more or less equiva-
lent and the Simla Slates,Dogra Slates,ittock Sl-tes,or Hazara Slates, as
they have been variously called,corresvonds to the Upper and Middle Chails;
another possibility is that Chandour Series of the Garhwal area is equivalent

to the Chail Series'",

It is significant to note th-t the Chail Nappe succession appears to

bz widespread in the Deoban-Tejam Zone than hitherto realised(Fuchs, 1968),

On the basis f the above discussion, 1t is tentatively proposed that in the
northern Chakrata area, the Quartzite Formation may possibly be represented

by the Middle and Upper Chail Series,



The lowest Khaira Quartzite member of the Shali Series consists of pure
white-purple quartzites with pebble beds and occasional chert(West,1939),
Similar stratigraphical position is occupied by the Netala Quartzite in the
Uttarkashi Window and thus the Khaira Quartzite may also be equated with the

Quartzite Formation,

7.5-3 Diehli Dolomite - In the present areas the Dichli Dolomite with normally

disposed Co'lenia has been correlated with the Bangaon Limestone,Khattukhal

and Lower Uttarkashi Limestones,

The Dichli Dolomite is exposed along left bank of the Bhagirathi river
and has been observed by the present worker extending to the southeast as
a continuous narrow belt for considerable distance at least upto Pirhi hill,
“Auden(1938) observed siltcious dolomites and pale chert at Pratapnagarand
Pirhi hill while Nautiyal(personal communication)mapped light bluish grey
dolomitic 1imestones between Diul along the Bhillangana river and Maniknath
hill as truncated small outcrope along the thrust, The traverses in
Srinagar~Rudraprayag area revealed A few occurrences of greyish dolomitic
limestone patches with Collenia at Sera (Nautiyal and Jain,1965), These
limestones are underlain by normal current bedded quartzites( = Quartzite
Formation), In the central region, the occurrences of these dolomitic lime-
stones near a major thrust plane (Dharasu Thrust in the area which joins

with the North Almora Thrust (. Chapter3), are noteworthy,

In the eastern region of the Deoban-Te jam Zone, grey dolomitic
limestones which can be compared with the Dichli Dolomite are extensively
developed in the Calc Zones of Chaukhutia,Badolisera,Pithoragarh,Tejam and
Chamoli, In the Calc Zone of Chaukhutia, the limestones are exposed from
Manwa Devi to Ganpurgarh,Dhénpur,Pokhri,Chaukhutia, Dewalikhal etc.(Auden
1935; Heim and Gansser,1939; Das,1966). Due to its stratigraphical position
above the Quartzite Formation ( = Berinag Quartzites),general lithology and
stromatolites(Collenia), the Dichli Dolomite has becn correlated with the



203

Gangolihat Dolomites of the Calc Zones of Badolisera and Pithoragarh and with
the Kapkot Dolomite of the Calc Zone of Tejam (cf.,Misra and Banerjee,1968).
In the former two calc zones, the Gangolihat Dolomite is characterised by
thick,extensive magnesites and stromatolites with irverted cup shaped laminae
(since the whole sequence is inverted, p.104 ). In recent yecars,
stromatolites have been found as one of the most useful criterion for corre-
lating these unfossiliferous calcareous rocks of the Lesser Himalaya(Misra
and Valdiya,1961; Valdiya,1962, 1964c,1969; Gansser,1964; Misra and Baner jee

1968; Misra and Kumar,1968; Misra,1969).

On the other hand, the Dichli Dolomite and its equivalents in the area
(p. 197 Yhave been correlated with the Deoban Limestone of the Chakrata
area inwestern region of the Deoban-Tejam Zone. These may also correspond to
Lower Shali Limestone of the Shali Seriés and Maldera-Kakarhatti Limestones

of Simla area,

The Deoban Limestone comprises . thinly bedded,pale bluish grey,
menhitic,fine grained limestones with shale intercal:tions. It is characterised
by closely chambered shell columns, pseudo-orpanic stromatoporoidal or
stromatolitic structures(Oldham, 1883; Pilgram and West,1928; Pascoe,1959;
0.825; Valdiya,1969), A few samples collected from thke type locality of
Deoban Limestone by Jalote(personal communication) comprise similar black
pellets in white crystalline groundmass as observed in the Khattukhal Lime-
‘stone near Nagla, The Deoban Limestone extends to the east upto the Yamuna
river(Rao,1968; Dhoundial and Al11,1967) and possibly joins with the Bangaon

Limestone (Jain and Mithal,1968),

The Deoban Limestone was first correlated with the Krol limestone
(0ldham,1883)but due to (a)prevalert shaly bands and difference in lithology
(b) the presence of pseudo-orgariic structures and (c) its stratigraphical

position below the Mandhali or Blaini Series(p. 19 6 )has rendered this
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correlation outdated, The pseudoeorganic structures, so widespread in the
Deobans been recently identified by Valdiya (1963) as species of Collenia

and resemble with those from the Dichli Dolomite( Chapter 2, p.30).

On the other hand, the Dichli Dolomite and Deoban Limestone have been
compared with the Lower Shali Limestone which comprises pink calcitic
banded limestone and massive grey dolomitic limestone with occasional chert
(°ilgrim and “est,1928: West,1939). Valdiya's(19622,1967,1969) findings of
Collenia and magnesite in the Lower Shali Limestone with the time controlled
variation in the morphology of stromatolites also supports this correlation,
In fact, the stratigrachical position of the Lower Jhali and Lower Uttarkashi

Limestones 1s similar,though the latter is devoid of Collenia,

?ilgrim and West (1928) and Auden(1934a) suggested that the Deoban Lime-
stone is an expanded development of the Kakarhatti Limestone. The prevalent
pseudo-organic structures in the latter, which have been identified as
Collenia in many other cases, may be significant in cquating them with the
Deobans and hence with the calcareous rocks of the present area. Also it may
be noted that while Pilgrim and West(1928) and Auden(1934a) corsidered the
Kakarhatti Limestone at the base of the Simla Slates,the recent mapping by
Srikantia and Sharma(1967) and Rao and Bhan (1969) indicates that this
limestone sequence does not occur at the base of the Simla Slates,

7.5=4 Laluril Formation -~ The presence of the Tons Thrust along - contact

of the Yandhali Series and Morar-Chakrata beds(Simla Slates) and its extension
unto Khand in the present area(Auden,1938) implies that the immediately

overlying Laluri Formation is the possible extension of the Mandhalis,

The Mandhali Series 1s very thinly developed in the Solon area and is
often confused with the Blaini Series(Pilgram and est,1928; Auden,1934a,
Raina,1963), It shows its maximum development between Kalsi and Chakrata but

again narrows =~ - considerably near longitude 78°5'. At this locality,it
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is exposed in an equally wide outcrop as the Laluri Formation, The Bansa
Limestone horzon is continuously thinning out from Kalsl to the east and
(cf£.,Dutta and Kumar, 1964)

apoears to have pinched out between longitudes 178°5' and 78°15'/.The lime-
stone is only rarely met with in the Laluri A Member while the Laluri
C Member is occasfonally gritty, The absence of typical Mandhali limestone,
boulder beds and doubtful geological relations in the adjoining arca
justify a separate name for the possible Mandhalis in the area. The follow-
ing evidences favour such a correlation of Mandhalis with the Laluri Forma-
tion,

(1) Variable character of the Laluri A to C Members.

(11) The presence of the Tons Thrust along lower contact of the Laluris
with the Dharasu Formation( = Morar - Chakrata beds),

(111) Conformable contact with the overlying Chandpur Formation,
(1v) Resemblance of the Laluri 4 and B Members with the slates and

phyllites of the Mandhali Series (horizon f- Auden,1934a),

(v) The strike continuity of the formations,

The Laluri Formation has been observed extending southeast of the area
along the Maindkhal-Chham mule track but its further extension is doubtful
as is evident from the Auden's (1937) geological sesction across Garhwal

(Fig. 57 )aecross Banali-Kaudia which is about 10 km, SE of Kandi,

7.5-5 Chandpur Formation - The Chandpur Formation comorises thinly alter=-

nating phyllite and quartzite laminations and lies conformably over the Laluri

Formation,

The Chandpur Formation is the eastward continuation of the Chandpur
Series Wwhich has been prgviously mapped by Auden(1934a) upto Nag Tibba,8 km,
WNW of Andhiari. The geological section across the Garhwal Himalaya
(Auden,1937) (Fig. 57 )shows its widespread development along the Bhagirathi
river where the Chandpurs have also been compared with the Chails (Pascoe,

1959,p,438), .

wr
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The terms Chandpurs or Chandpur Series have been repeatedly used by
various workers for the overthrust crystalline masses of lansdowngAlmora-
Dudatoli, Askot ,Bai jnath etc, of the Garhwal Nappe and have thus caused
confusion, On the basis of its typical lithology and stratigraphical position
between the Mandhali and Nagthat Series of the Simla-Krol Belt, it is
suggested to restrict the usage of the term Chandpur Formation to typicél'

unmetamorphosed or low grade metamorphosed rocks,

Thus, the Laluri and Chandpur Formations are equivalents of the Mandhali-
Chandpur Series respectively of the Mussoorie and Jaunsar Syncline. The Laluri
Formation has also been correlated with the Mandhali Series of north.rn
Chakrata region, In the area Laluri-Chandpur Formations are equated with
the Dhanari Slate member of the Dunda Formation and Pokhri Slate of the
Uttarkashi Formation(p, 197). These slate horizons have algo been compared
with the 3or Slates and Punger Valley Slates QI the Pithorag-rh,

Bageshwar and Ganail areas of Kumaon.

0l1dham(1883,1888) and West(1931,1932) observed fine development of the
Mandhali Series in the northern Chakrata region where it lies conformably
over the Deoban Limestone and contains numerous boulders derived from the
underlying limestones, Hence the Mandhalis should be considered younger to
the Deobans (Fascoe, 1959, p,825), After accepting . correlation of the
Deoban Limestone with . lower carbonate sequemce of the Deoban-Tejam Zone
(Dichli Dolomite,Khattukhal-Lower Uttarkashi Limestones,Bangaon Limestone,
Lower Shali Limestone,Naldera-Kakarhatti Limestones and Gangolihat-Kapkot
Dolomites) with some confidence, the Mandhali-Chandpur Series and Laluri-
Chandpur Formation can also be compared with the Shali Slate., This slate
member comprises shales,red shales,slates and slaty limestone intercalations

and 18 conformably underlain by the Lower Shali Limestone.

Simi lar correlation of Laluri-Chandpur Formatio: with the Sor Slates
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(grey olive green and black slates with protoquartzites and slaty limestone
intercalations) and the Punger Valley 8lates will: not be out of place.

It should be emphasised that the Sor Slates cannot be compared with the Simla
Slates as postulated by Misra and Valdiya(1961), Valdiya(1962) and Misra and
Baneriee(1968), since the mapping of greater part of the Simla-Krol Belt and
the revised geology of the Simla region has indicated that the Simla Slates
are older than the Jaunsars, Mandhalis/Blainis and Deobans(cf.,Auden,1934a;

Gansser,1964,p.99; Dhoundial and Ali,1967; Rao,1968).

7.5-6 Nagthat Formation and Uttarkashi Formation - In the area, the Nagthat

Formation 18 an extension of the Nagthat Series of Auden(1934a) which 1is
characterised by sandstones,arkoses,schistose quartzites,quartz schists,grits,
purple green slates and phyllites. Auden (1934b) also observed Nagth-ts
extending upto Kaudia lying 13 km, SE of Basul, In the cross section (Fig, 57),
Auden (1937) has shown two exposures of the Nagthats with intervening
Chandpurs on the northeastern limb of the Mussoorie Syncline. It is possible
that the northern exposure of the Nagthat Series with a faulted SV margin

i1s extending in the present area as the Nagthat Formation. On the other
hand, the Nagthat Series 1s represented by the Jaunsar Series in the Simla

Hills (Auden,1934a) (p. 193.

The upper arenaceous horizon in the arca comprising of the Nagthat
Formation, Dunda and Bareti . Quartzites has been compared with the 3hali
Quartzite of the Shali Series and Saryu Valley Quartzites or
Rautgara Quartzites in the Pithoragarh and Ganai repions of the eastern
Deoban-Tejam Zone. The Shali Quartzites is made up of white quartzites with
chert while the Saryu Valley Quartzites comprise greyish -pink protoquartz-
ites and purple slates. The Saryu Valley Quartzites were not previously
considered as a éeparate stratigranhical horizon but woere correlated with the

Rerinag Quartzites (Valdiya,1962). “In spite of a number of contrasting
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characters, these quartzites may be equated with those of the Asurchula-Nag
Belt to the north" (Valdiya, op.cit., p.39). Further on p,40, Valdiya
mentioned that " it is just as well likely that the two quartzites are quite
different stratigrashically. In that case, the Saryu Valley Quartzites

become the upper most (stratigraphically)member of Calc Zone similar to the
Shali Quartzites of the Shali Series" as has been shown in the correlation
Tablei?However, the later work in the Pithoragarh and Ganai areas indicated
that the Saryu Valley Quartzites distinctly form the uppermost horizon of

the Calc Zone of Pithoragarh (Valdiya,1965; Misra and Kumar,61968) and have been

renamed as the Rautgara Quartzites(Valdiya,1969),

In the areé, the intervening Upper Uttarkashi Limestone of the Uttarkashi
Formation thus becomes equivalent to the Uppor Shali Limestone of the Shali
Series since both are underlain by the slate horizon and overlain by an
aranaceous member, The Upper Shali Limestone consists of grey dolomitic
limestones with sheets of chert and Collenia (Valdiya,1967,1969), In the
eastern region of the Deoban-Tecjam Zone, the Upper Uttarkashi Limestone is
stratigraphically equivalent to the Thalkedar Limestone of the Caic Zoge of

(Kumar,in press)
Pithoragarh and Badolisera with Collenia /,This correlation clearly indicates
that, though an upper limestone horizon is developed in the Deoban-Teiam Zone,

it appears to be impersistent, Its regional distribution can only be confirmed

after more work in this zone,.

7.5-7 Dharasu Formation - The Dharasu Formation occuries about 10 km. wide

track in northwest and narrows down considerably nzar Chham., From the
tectonic man of Auden (1937, Map.10) the formation appears to be an eastward
continuation of the widespread Morar-Chakrata beds. In the Chakratn area,
these beds are steeply dipping and comprise : . dark grey slates with purplish
sandy or shaly beds being characterised by typical concretions like the

Simla Slates (Auden, 1934 a,b; Pascoe,1959,p.452).
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On the other hand, Auden(1937) extended the Simla Slates as an autoch-
thonous zone upto the Bhagirathi river, However, Auden(1936,1937,1938,1949)
also observed extensive development of the schistose phyllites comparable to
the Chandpurs along the rivzr, In many subsecquent general reports of the
Geological Survey of India, these rocks were compared with the Chandpurs along

the Bhillangana and Alaknanda rivers.

Thus, it {s evident that the Chandpurs, Simla Slates and to some extent
Chails have frequently been confused with aone another in this part of Garhwal,
Pascoe(1959,p.445) mentioned that " it may be founs that most of the Chandpurs
and the Chails are metamorphosed Simla Slates, thoigh as Auden points out the
unaltered, Chandpurs are generally of a different iithological type from the
Simla Slates consisting typically of fine alternating bands,averaging3 mm,

in thickness of phyllite and quartzite."

In the present area, however, it is possible to map the Dharasu Forma-
tion ( = Simla Slates or Chakrata-Morar beds) and Chandpur Formation separa-
tely., The preliminary observations alonp the Uttarkashi road between Chaham
and Tehri led the present worker to infer that the Dharasu Formation extends
as a thin narrow outcrop along . left bank of the BRhagirathi river upto Tehri
where these are characterised by typical purple-grey-green alternating
phyllite and argillaceous quartzites, Nautiyal's manping(personal communi-
cation) of similar purple-grey argillaceous quartzites and green phyllites
along the Bhillangana river near Diul indicates its further extension in
the southeast. However, at Tehri and between Devprayag-Kirtinagar-Srinagar

along the Alaknanda river, the sheeny phyllites and thinly alternating
quartzite-phyllite resemble with the Chandpurs hence are shown undifferen-

tiated due to doubtful relations with the Dharasus in this part (Map.12 ),

A great dislocation, the Dharasu Thrust separates the overlying Dharasu

Formation from the Garhwal Group rocks and it is difficult to correlate the
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Dharasu Formation(Morar-Chakrata beds or Simla Slates) with other formations
of the area. The Dharasu Formation is overlain by the Bangaon Limestone- an
extension of the Deoban Limestone with a thrust contact, along which the
movements appear to be of little magnitude, In the southwest region of the
area, the Dharasus are overlain by the Laluri Formation( = Mandhali Series)
with intervening Tons Thrust. The contact between the Simla Slates and

Mandhal{ Series has recently been interpreted as an unconformity(Rao,1968).

On the other hand, in the.Chakrata and Yamuna river sections, the Deoban
Limestone. overlies the Morar-Chakrata beds(Simla Slates) with an unconfor-
mable or faulted contact (Dhoundial and Ali,1967). The general relationship
of these beds indicates that the Morar-Chakrata beds(3imla Slates) 3re- -
older than the Mandhali Series or Deoban Limestone (Auden 1934a). Hence it
may be considered that the Dharasu Formation ( =Mcrar-Chakrata beds) is
older than the equivalents of Mandhalis/Deobans i.e., the Bangaon Limestone
and Laluri Formation. The formation occupying this nosition in the Garhwal
Group 1s the Quartzite Formation( =Netala Quartzite) but the contrast is
so great that on the basis of lithology it is difficult to correlate them
in the absence of any time stratigraphical control, If (1) ascoe's(1959
P.825) contention that the Simla Slates may be taken as equivalents of the
Middle and Upper Chail Series,(ii) the lithological similarity of the Middle
and Upper Chails with the Quartzite Formation and (111) Fuchs's(1968)
observation regarding the widespread Chail Nappe development in the Deoban-
Tejam Zone are accepted, then the Quartzite Formation and Dharasu Forma-
tion may be considered as two facies of ome rock sequence, brought in

juxtaposition due to a great dislocation,

7.5-7 Bangaon Limestone - Part of a thick succession of the Bangaon Limestone

extends in the west upto Yamuna river (Jain and Mithal,1968) and has been
recogniged as the continuation of the Deoban Limestone of the type area

(Dhoundial and Al1,1967; Rao, 1968},
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7.6 SUMMARY AND CONCLUSION

The detailed correlation of the Lesser Himalayan rocks of the Simla-Krol

Belt and Deoban -Tejam Zone indicate:

(1) a widespread lower quartzite horizon comprising of the ¥haira Quartzite,

Quartzite Formation - Netala Quartzite, Chamoli-Karanprayag-Berinag QJuartzites,

(11) a lower equally widespread carbonate succession characterised by
stromatolites and pseudo~organic structures in many of them {.,e.,Lower Shali
Limestone, Deoban Limestome, Bangaon Limestone, Dichli Dolomite,Khattukhal-

Lower Httarkashi Limestones, Gangolihat and Kapkot Dolomites,

(111) an argillaceous sequence with limestone intercalations - Shali Slate,
Mandhali Series,laluri Formation, Chandpur Series/Formation,Dhanar{-Pokhri

Slates, Sor Slates and Punger Valley Slates,

(1v) an impersistent upper carbonate horizons - Upper Shali Limestone,Upper

Uttarkashi Limestome, and Thalkedar Limestone,

(v) an uoper quartzite sequence - Shali Quartzite, Nagthat Series/Formation,

Jaunsar Se-ies, Dunda-Bareti Quartzites and Saryu Valley Quartzites,

Though the views of earlier workers regarding the correlation of indivi-
dual Simla-Krol BRelt and Deoban-Tejam Zone have been accepted to SOme'extent,
the opinions differ regarding their mutual relationships especially betw%%l
the carbonates, 0ldham(1883), Heim and Gansser(1939), Auden(1935,1938,1948 z
1951,1953) and Pande and Saxena (1968) opined that the Simla-Krol Belt

succession may be considered equivalent to the inner Deoban-Tejam Zone with

some facies variation,

On the other hand Gansser(1964, p,98) stated that " at a first glance
correlation with sediments of Krol belt seems feasible, This 1s certainly
not the case for the calcareous sediments where streomatolitic structures
were noted, .and here 1 would agree with Misra and V-1diya(1961,1962) who

correlated the Pithoragarh carbonates with the Deobans,"
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On the basis of lithology and important stromatolitic structures(Collenia)
Misra and Valdiya(1961), Valdiya(1962,1964c),Misra and Banerjee(1968),Baner jee
(in press), Misra and Kumar(1968) and Misra(1969) have emphasised that the
carbonates of the Deoban-Tejam Zone are much older belonging to the Purana
age, and hence cannot be correlated with the Krols, In fact, the recent work
by Valdiya(1969) on stromatolites indicate their age about 1200 million years
in contrast to Permo Garboniferous (Auden,1934a) or Jurassic(Tewari and Kumar,
1968) ape for the Krols, This is also supported by their stratigraphical posi-

tion with respect to Blaini/Mandhali Series(p.192),

The present workon the stratigraphy and correlation accepts the view-
point that the calcareous rocks of the present area cannot be correlated with
the Krol 1imestone§ as 1s also indicated by 2 few dota on insoluble residue
and Mg0/Ca0 rel-tionship(Chapter 6). Instead it favours correlation with the

Deoban-Shali-Pithoragarh type of carbonates.

In his regional masping of the Simla-Krol Belt from Solon to Rishikesh
Aden (1934a,b,1935,1936) has proved that the whole sedimentary sequence occurs
in a normal stratigranhical succession with local iubrications. On the other
hand, the observations of many workers in the Pithoragarh-Bageshwar-Ganai
areas in eastern region of the Deoban-Tejam Zone hav: indicated a complete
inversion of the metasedimentaries. Hence the Berinag Quartzites occurring
physically at the top are considered stratigraphically older than the Calc Zone
of Pithoragarh (o,194),(Misra and Valdhya,1961; Valdiya, 1962;Gansser, 1964,
p.94; Mi{sra and Banerijee,1965,1968; Misra and Kumar,1968). The Berinags
were correlated with Jaunsars of the Simla area and . Nagthats of the
Simla-Krnl Belt, (Valdiya,1962; Misra and Banerjee,1668) .Table 22) Then the
stratigra hically younger Calc Zone of Pithoragarh will automatically be
equivalent of the Blaini-Krol-Tal sequence of the Sinla-Krol Belt,which has

by Misra & Valdiya (1961):

been catagorically refuted/" the limestone-siate series of Pithorgarh does not

resemble and cannot be correlated with Krol series'.
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On the other hand, Gansser(1964,pp,98-99) obserzed that " .... the
quartzites are then comparable to the Jaunsars. This would make sense if the
sections were not inverted. Some of the sedimentary sequence is however
certainly inverted and therefore some of the quartzites are older than the
carbonates. Since Valdiya accepts ?ilgrim and West ' stratigraphy(1928) by
nlacing the Jaunsars below the Simla Slates(changed later by West,1931),the
lowest quartzites corresponds to those Jaunsars. Fo'lowing Auden(1934)and
8traigranhic Lexion(1957), I would place the Jaunsars above the Simla Slates
and thus above the Deoban type limestone. We have ,however, seen that quartzites

occur below and above the carbonate sections.!

Many of the objections to Valdiya's(1962) scheme of correlation of the
Simla-Krol Belt and the Deoban-Tejam Zone can be explaired by not correlating
Berinag Quartzites and its equivalent Quartzite For..:tion in the area with the
Jaunsars and Napgthats and by adopting Auden's(1934a’ stratigraphy of the
Simla-Krol Belt, Instead, the widespread Shali Quartzite, Dunda-Bareti Quart-
zites and Saryu Valley or Rautgra Quartzites have boen equated with the
Nagthat and Jaunsar Series. The older arenaceous horizons comprising of
Khaira Quartzite, Quartzite Formation, Netala Quartzite, Berinap-Chamoli-
Karanprayag Quartzites underlie the Deoban-Shali Gangolihat type of limestones
thus supporting the viewpoint of Gansser(1964)., These are provisionally

considered as equivalents to Middle and Unper Chail Series of West(1932),

According, the argillaccous sequence comprising »f the Sor Slates, Shall
Slate, Dhanari-Pokhri Slates of the Present area become equivalent to the
Mandhali (Laluri)- Chandpur sequence of the Simla-Krol Belt, These slates
cannot be compared with the Simla Slates due to the’ older stratigranhical

position than the Mandhalis and Deobans.,



SEDIMERTATION AND TECTONLC

8.1 INTRODUCTION

The reconstruction of sedimentary environmental conditions in the area
are largely handicapped by (i) the presence of large scale thrusts, (ii) paucity
of continuous exposures, (iii) profound diagenetic recrystallisation and low
grade metamorphism which has oblitered grairn shape and their boundaries and
(iv) lack of environmental and time-stratigraphbical units due to absence of

fossils,

Amongst such liminations,any attempt to unravel sedimentation and tectonic
history of the area can only be tentatively, highly generalised and very preli-
minary in nature, Table 23 succintly summarises sedimentary and tectonic

conditions in the area.

8.2 SEDIMENTATION

g.2-1 QUARTZITE FORMATION

The thick Quartzite Formation comprises pure,buff-white quartzites and
their metamorphic derivatives e.g.,schistose sericite quartzites and quartz
schists. Minor occurrences of conglomeratic varieties are seen near the base
of southern belt of the formation while ferruginous quartzites occur near

contacts with the overlying Dichli Dolomite (p,25),

These quartzites are comprised of more than 90% guartz with minor amount
of chlorite-sericite and can be classified as orthoquartzites (Krynine,1948;
Folk,1954; Dapples,Krumbein and Sloss,1953; Pettijohn, 1954,1957;Hubert,1962)
or quartz arenite (William,Turner and Gilbert,]1954) or quartzose sandstones
(Krumbein ~nd Sloss,1963,p.169)., The undeformed quartz grains are subrounded
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rounded,fine to coarse sand size with bimodal distribution (Figs.93 & 107).

All these characters indicate high degree of textural maturity(Folk,
1951, Pettijohn,1957,p.299) and reflect very prolcng chemical weathering,
abrasion and transportation of the detritus which may have been slowly

winnowed to almost pure quartz rich rocks.Such characters are best developed

under stable tectonic conditions in the source and depositional areas.,

The rariety of worn secondary overgrowth on quartz,zircon and tourmaline
grains possibly indicate predominance of first cycle sediments under tectonic
stable conditions. Accordingly,Krynine{19428) and XKrumbein and Sloss(1963,
0,549) postulated that many quartzite deposits indicate long cont inued
chemical and mechanical transformation of grains in a single cyrcle of trans-
portation and devosition. The occurrence of rounded quartz and tourmaline

grains in quartzites of the present area support this viewpoint (Folk,1960),

The almost total absence of argillaceous intercalations in these
thick quartzites is surprising though such an observation has also been
made in other arenite sequences of the world (Peitijohn,1957,7.298), Minor
purple and black slates and micaceous quartzite intercalations near contact
with the carbonate sequence of Dichli Dolomite reflect changing environmen-

tal conditiens,

The depth of water must have remained very ¢hallow and never exceeded
a few metres with occasional atmospheric exposures for short durations. Such
a phenomenon is evidenced by mud cracks,current bedding and ripple marks.
The oxidising conditions are indicated by rare purpie coloured ferruginous
quartzites occurrences (p.257.

The bimodal character of quartz grains from the northern and southern

Quartzite Formation is characteristic of these rocks. The coars= grains are

better rounded and sorted and are embedded in the finer detrital quartz
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fraction which exhibits a lesser degree of roundness (p.49), This has been
ascribed to textural inversion (¥Folk,1959), Such a phenomenon is also supported
by the occurrence of quartzite pebbles and boulders in these formsations
(p.25). According to Folk (op.cit.),these characters are develoned due to
occasional turbulance or mixing of products from high and low energy levels

or from two different sources. However, a recent stidy by Folk(1968) also

suggests a desertic environment for such bimodal character of quartz.

1t is significant that Krynine(1943,1946) propounded stable shelf
conditions to the peneplanation stage during the initial stages of the geosy-
nclinal cycle. Recently,Fuchs (1968) has also advocited such .conditions for

the Nagthats and similer quartzites of the Lesser Himalaya.

In addition, the tectonic stability in the source and depositionnl
areas is also reflected by the restricted heavy mineral suites which mostly
comprise zircon,tourmaline and rutile (Chapter 6). in these rocks, the ZTR ratio
is generally higher than 90% thus indicating that the stable tectonic conditions
concentrate the light and heavy mineral fractions and ultimately control the

composition of sandstones (Krynine,1942,1951; Folk,1956; Hubert,1962).

The stable shelf tectonic conditions are well represented in the high
energy littoral and beach environments where the continuously shifting waves
must have worked ceaselessly for a long time over each grain of the slowly

denositing sediments and have concentrated the sand size quartz.

The provenance for such thick quartzites is difficult to visualise due
to lack of significant palaecurrent data. 4 few currént beddings indicate
a north and northeasterly source of detritus. As has been elaborated in
Chanter 6,(p.185), the oresent Central Crystalline Zone or Central Himalayan
Geanticline might have been provenance for these deposits during the Precam-

brian,
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Such stable shelf, beacb.and lagoonal environmental conditions are also
envisaged for the stratigraprically equivalent Berinag Quartzites in the Pitho-
ragarh region (Valdiya,61965). Possibly the Chamoli-Karanprayag Quartzites
were also deposited under similar stable shelf conditions which seem to cover

at least 270 kms., long track of the Chamoli Window,

8,2-2 DICHLI DOLOMITE

The deposition of the pure arenite Quartzitc Formation has been
suddenly interrupted and is followed by thick carbonate Dichli Dolomite forma-
tion., Ttis abtrupt change in the supply of detritus material is reflected in

a very narrow(one to two metres) gradational zone between two formations,

Intraclastic dolomites - The basal parts of the Dichli Dolomite are rich

in allochemical intraclasts,oolites and sand constituents in a sparry coarse
cement {(pp. 29,50-52), The intermixing of rounded to subrounded quartz with
carbonates 1s suggestive that the detritus was shed into the basin even

after the commencement of carbonate sedimentation.

The micritic,r~unded and fine grained character of the individual
intraclasts implies that these were originally deposited as microcrystalline
ooze in calm,protected environments without any turbulence. The intraclasts
were Wweakly consolidated before the penecontemporancous erosion has produced
these rounded intraclastic fragments (Folk,1957,1959). Their association with
oolites and sparry cement also reflects transportation and deposition of
intraclasts in the turbulent, agitated, high energy envrionmental conditions in

the basin of deposition.

The oolitic growth in these dolomites is found around various types of
nuclei (p.51) including the intraclasts., In some cases many of the intraclasts
also contain oclites, The formation of oolites is a definite evidence of clear,

warm and shallow agitated waters in the high energy cnvironments(I1ling,1954).
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In addition, the formation of oolites and intraclasts seems to be simultaneous
with each other,

The sparry cement in these intraclastic dolomites indicate that the
currents were capable of washing away microcyrstalline ooze and strong enough

to transport fairly large intraclasts (Folk,1%59),

Algal Dolomites - The overlying micritic algal dolomites reflect a

change in the environmental conditions cf deposition. Their micritic character
indicate that the agitated waters were calmed down for a favourable precipitation
of micrccrystalline ooze(Folk,op,cit.) , Further, the algal dolomites with
stromatolitic growths provide a positive evidence of clear,shallow,marine and
closed basins,On the basis of knowledge gaiﬁed on recent stromatolites,
Cloud(1942)& Ginsburg (1955,1960) concluded that the algal stromatolitic
structures flourish in clear,shallow, .marine and well protected basins of very
shallow depths, These authors report that the stromatolitic growth is favo-
urable in 10 metres dee; fresh water or 30 metres in the saline waters.,
Logan(1961) observed that the intertidal zcne and irtermittantly flooded mud
3lains are most suitable environmental conditions for their prolific growth
Donaldson(1963),Lngan,Rezak and Ginsburg(1964) cunsider these as organc-sedi-
mentary structures and their various forms and types being due to the environ-

menta) factors.

Dololutiles and cale slates - The uppermost Darts of the Dichli Dolomite

formation comprise dololutites and calc slates. Texturally,the micritic dolo-
lutites reflect a change to calm water conditions. These rocks may have been
deposited in protected shallow lagoons under oxidising conditions as is indi-

cated by nurnle colour of slates and insoluble residue.

From the above, it is evident that the Dichli Dolomite and Quartzite

Formation were deposited in extremely shallow waterc and belong to the
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pPlatform facies of Sloss(1947), orthoquartzite-carbonate facies of Pettijohn
(1957, p.613) or may correspond well to the stable shelf association of Krumbein

and Sloss(1963,p.603).

8.2-3 LALURI A MEMBER

The laluri A Member predominantly comprised of black slates and phtyllitic
slates which were undoubtedly deposited ‘as black amorphous mud and later
compacted to shales, Such s depositicn can take place in a reducing anaerobic,
auxinic environments with very low oxidation - reduction potential,pocr bottom
ventilation and very slow rate of sedimentatisn(James,1954; Petti john, 1957,
p.622; Dunbar and Kodgers,1961, pp,202-208; XKrumbeir and Sloss,1963,p.566).,
Such anaerobic conditions might have been generated helow the mud-water inter-

face.

Similar conditions of deposition are also possible during the deposition
of the basal Dhanari Slate and Pokhri Slate members of the Dunda and Uttarkashi

Formations.,

8,2e¢4 KHATTUKEAL LIMESTOME,LOYER AND UPPER UTTARKASHI LIMESTONES AND BANGAON
LIMESTONE

As has already been described in Chapter 2, the Khattukhal Limes£one
member of the Dunda Formation is characterised by thinly bedded and laminated,
dark grey and black micritic limestones with black chert stringers and slate
intercalations., The limestones grade to the overlyin: black slates of the basal
Dhanari Slate. These limestones contain grey-black,carbonacenus and pyritiferous
inscluble residue. According to Krumbein and Sloss(1%63,p.570), such lentiform
micritic limestones represent euxinic restriction,quite and stagnant water
conditions within the pH stability field of CaC03. Similar depositional condi-
tional conditions can also be imagined for the Lower and Upper Uttarkashi

Limestones and Bangaon limestone which resemble the Xhattukhal Limastone(Chapter 7.
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The euxinic reduocing environmental conditions might have been unfavourable
for the stromatolitic growths which need oxidising conditions in the intertidal
zones. Here, it may be added that the distinect petrographic,chemical and inso-
luble residue of the Dichli Dolomite may in fact be due to diverse environmen-
tal conditicns. It is likely that topographical and basin relief which are ulti-
mately controlled by tectonism of the region are the possible causes for two
different environments. Such an inference 1s based upon their stratigraphiecal
pogition in relation to the Deoban Limestone which in the area is possibly

represented by stable shelf and euxinic facies of carbonates,

8.2-5 DHARASU FORMATTION

This comprises laminated,grey-preen-purple argillaceous quartzites,slates
and phyllites(p.19). The quartzites of the Dharasu Form-tion can be best descri-
bed as quartz wacke (Krumbein and Sloss,1963,p.169) or may be broadly classi-
fied as clayey protoquartzites (Pettijohn,1557).These quartzites are less
sorted,mineralogically and texturally immature in comprison to the Quartzite
Formation. The slates are invariably silty in character and grade imperceptibly
to the quartzites, The laminations are seen on a fine scale with grey and

purple colours,

According to Dapples,Krumbein and Sloss(1949),Weller(1960) and
Krumbein and 3Sloss(1963,p.505), the above characters can be best ascribed to
unstable shelf conditions of deposition with an oxidiSing and reducing chemical

environment,

On such an unstable shelf the rate of subsidence is greater than the
rate of supply of detritus, so as to reduce the time durin which environmental
agents operate on sedimentary material before burial (Krumbein and Sloss,
op.cit,,). It 1s evidenced by »oor sorting,increase in finer argillaceous
material in quartzites,poor rounding of detrital grains etc, The low energy

environment is indicated by delicate prescrvation ‘of the lamination
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(Petti john,1957,9.553).

As indicated earlier (p,.210), the Dharasu Formation occupy the same stra-
tigraphical position as the Quartzite Formation with regard to the overlying
Decban tvpe of limestones(Bangaon Limestone,Dichli Dolomite in the area. If
this explanation is accepted then we have to presume their deposition in two
different environment during the same pericd. This may be possible by assuming
stable and unstable self conditions for the Quartzite and Dharasu Formotions
respectively, It is feasible that under stable shelf conditions, the finer quartz,
labile constituents e,g., feldspars,mica and rock fragments and clayey material
Werewinnowed and removed to deeper,unstable quite water conditions. This winn-
owed -detritus might have been deposited as the Dharasu Formation. The grada-
tional zone between the two formations is heing concealed by the Jharasu Thrust,
At least their stratisrashical position and similarity of the finer quartz
grains testify this,But due to complete lack of any time-unit c-ntrol and normal
stratigraphical contacts between these formaticns, this viewpoint remains more

or less hypothetical,

8,3 TECTONIC HISTORY

On the basis of the fi:ld and laboratory investigations which have beer
detailed in earlier pages, the tectonic interpretnti n of this »Hart of the Lesser

Himalaya is attemnted,

During the Precambrian,the deposition of possibly the oldest Quartzite
Tormation seems to have taken lace under stable shelf cenditions, In case of
the northern belt the basin of deposition was at least 15 km, northeast of its
present geographical positicn. Possibly,simullaneous with the above, the

Dharasu Tormation was denosited under unstable shelf conditions,

The above clastic sedimentation was fcllowed by predominantly chemical

nrecipnitation due to abrupt stoppage in the detrital supply from the source area.
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The Dichli Dolomite,Khattukhal,lower Uttarkashi and Bangaon Limestones were
deposited possibly during the same period under different environmental condi-

tions,

The chemical precipitation was interrupted by depcsition of the argillace-
ous, Laluri-Chandpur Formations, Dhanari and Pokhri Slates. At places,carb-onates

were again accumulated in small basins(Upper Uttarkashi Limestone),

Ultimately the sedimentation in the area ended with deposition of arena-
cecus sequence comp-ising of Nagthat Formation,Dunda and Bareti Quartzites,
However, it should be noted that the exact shape of basins and their geographical
distributi~n is diffieultte unravel because of limited area and large scale

Himalayan tectonics and is beyond the scope of the present work,

In the initial stages of the Himalayan Orogeny which dates back to the
Uoner Cretaceous,broad flexuring and tilting of rocks have taken place. During
the subseqqent dominantly thrusting pha:e,the area witnessed the formoticon of a
subhorizontal dislocation plane in the north rn Quaitzite Formation belt which
was thrust from NE to &Y over the Dunda-Uttarkashi Tormation. The Uttarkashi
Thrust Sheet,as has b en named in t*is work,is persistently marked with meta-
basics at its base. The emplacement of metabasics have been contemporaneous to
the mvement of this thrust sheet. The folitation (82) in the metabasics and

if‘

Uttarkashi-Quartzite Forﬂwtinanacvsloped during metamorphism and thrusting

while quartz,sericite and muscovite (L lineati-n) recrystallised in the 'a'

direction of tectonic transport,

The truncation of the Dunda Thrust by Singuri Thrust inrdicatesthat the
Singuni Thrust Sheet moved over the Uttarkashi Thrust Shecet after full scale
development of the latter. The formation of the Dharasu Thrust Sheet and Krol
Mappe (thrust sheet?) took place in succession since the former overlaps the

Singuni Thrust Sheet in the northwest, Their gradua’ southward dispositicn ~nd
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overlapping clearly indicate successive development of the thrust sheets from

northeast to scuthwest,

The thrusting was followed by the folding phase of the orogeny during which
these thrust sheets were folded. The metabasics at the base of Uttarkashi Thrust
Sheet acquired strain-slip cleavage (83) and microcorrugation (L3)during this
phase. Nevertheless, it may be noted that the Uttarkashi and Dunda Thrusts were
folded definitely later than their development. Other examples of folding of
thrusts in the Lesser Himalaya are Krol and Tcns Thrusts,Forth and South Almora
Thrusts etc. However, truncation of many fold axes ~nd their limbs e.g.,(Baragadi,
Nagon and Khattukhal Anticline and Bharkot Syncline also indicates overlaoping

of the two phases in certain cases,

Later, the faulting of rocks took place <nd succeeded the folding phase.

Possibly the rocks near Uttarkashi acquired slickensides(Lz) during the faulting,

The formation of large scale thrusts was mostly facilitated by lithostra-
tipraptical boundaries and has unfortunately comlicated stratigraphical
control ovar the tectonics of the area. From the superimposition of many of the
thrusts e.g., Dunda,Singuni and Dharasu Thrusts,it can be inferred that these
formed at the different stages of the main Himalayan Orogeny.The thrusts of
the inner Deoban-Tejam Zone are marked with augen mylonites (Singuni Thrust)
or metabasics (Dunda,Uttarkashi and Dharasu Thrusts) and metamorphism (Singuni,
Dharasu and Uttarkashi Thrusts). But those of the scuthern regions including
the Simla-Krol Belt are characterised by crushin and shattering of rocks

(Tons, Aglar and Krol Thrusts).

The absence of metabasics from thrusts and Tertiary formaticns of the
Outer and Sub-Himalayan region of Garhwal and their persistent tectonically
controlled occurrences along some of the thrusts in the area can pcssibly be

correlated with the Upver Cretaceous age for thrusting in the inner Decban
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Zone, Possibly these thrusts in the north evolved earlier than those of the
Foothil s which are dated from Eocene to Pliccene in age. There seems to be
migration of the thrusting phase from north to south in the Lesser Himalaya
(Cansser,1964,p.247) courled with similar shifting of the Tertisry sedimen-

tary basins towards the south,

_One of the significant feature from tectonic consideration of the area
is the presence of large scale thrust shaets with normal sedimentary succession,
In fact the nappes with huge recumbent folds are absent in this part of the
Lesser Himalaya ac¢ have been interpreted elsewhere by many authors(Pilgrim
and West, 1928; West,1935; Auden,1937; Valdiya,1964b; Fuchs,1968)., The concept
of vertical tect-nics,recently intrcduced by Zremenko and Duttz(1967) in the
Simla Hills,is also not supported by observaticns made in the field,though many
of the thrusts are inclined at moderate angles and do not exhibit any topogra-

nhical c~ntrol over their alignment.

The presence of normal large scale-thrust sheets has alsc been observed
by Bhargava and Srikantia(1967) and Gansser(1964) who noted that "the Krol
Thrusts are generally normal thrust sheets and not reversed recumbent folds as
assumed by some authors" (p.247), In fact Gansser hzs used the term thrust
sheets in place of nappe while discussing the Lesser Himalayan structure and
tectonicsy ¥ cee.....that we actually have to deal with the thrust sheets and
not recumbent nappes"(p.90). The presence oI a large scale recumbent structure
may possibly be confirmed after more detailed studies in the Deoban-Tejam Zone
between longitudes 79° and 79°45' as indicated by the present work on strati-

graphy and correlation of this zcne.
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thesis is the first systematic geological work on the stratigraphy,

and sedimentati n in an approximately 900 sg.km. of the Lesser

terrain along the Rhagirathi Valley in Uttarkeshi and Tehri distri-

cts of Uttar Pradesh. The area comprise Algonkian to Lower Palaeozcie rocks

of the Simla-Krol Belt and Deoban-Teiam Zone of the Gansser(1954), This chapter

summarises important cenclusions of the prasent study,

The various rocks of the area have been classified into the following

lithrstratigranhical units:

1, Laluxdi

Formation -

2, Chandpur Formstion

3. Nagthat Formsatiom

4, Dharasu Formation

5. Bangaon Limestone

(=)

CLii)

(iv)

slates,quartzites and phyll tic slates.
alternating quartzite and phyllite sequence.
schistose quartzites,sericite quartz schists,arkoses etc.

slates,phyllites and argillaceous quartzites.

dark grey limestones,

&. Garhwal Groun - (i) Quartzite Formation - quartzites,quartz schists,schistose

sericite quartzites,met~basics and augen mylonites.

Dichli Dolomite - intraclastic and alpal dolovites and

delolutites,

Dunda Formatinn - slates,limestonas and micaceous quartz-
= b

ites,

Uttarkashi Formation - slates,phyllites, limestones,

feldspathic and flagpgy quartzites,metabasics.

The structural interpretstion of variocus folds and thrusts ip parts of

the Simla-Kr~1 Belt and Deoban-Teiam Zone successicn of the area clearly

indicates that in the southern region the Dharasu Formation hos been folded

inte an important Daski Syncline and is thrust over the Garhwal Group of rocks
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along the Dharasu Thrust, The formation dips beneath the Krol Nappe and

constituyte the Dharasu Thrust Sheet,

The Garhwal Group rocks are broadly exposed in an anticlinal Chamoli
Window of Auden (1949) and are delineated by the Main Central Thrust and Dharasu
Thrust in the north and south respectively. Within the main Chamoli Window,the
folded character of the Dunda and Uttarkashi Thrusts with metabasics in the
thrust ‘zones has beer interpreted as & folded thrust sheet.This Uttarkashi
Thrust Sheet of the allochthnous Quartzite Formation has moved at least 15 km,
southwest over the autochthonous Dunda and Tttarkashi Formations. On the
other hand, the Singuni Thrust with mylonites in 18 thrust zore demarcates
the s~utherly dipoing Singuni Thrust Sheet. The erosion of these sheets has
exposed under'ying formations in the autochthonous Dunda and Uttarkashi

“indows.

The detailed structural analysis of different zones in a part of the
Uttarkashi Window region has revealed that the thrust zone ,allochthon and
autochthon acquired foliation (52) and mica lineation (L,) during thrusting

phase, These @ones were then folded along common axes which produced opposite

dipping Sl’ 82 and Ll. The strain-slin cleavage (S%) and microcorrugation
(L.) were formed during the folding phase of metabasic thrust 2zone,
3 123 S ¥

A comparison with adjoining structural units put the Shali-Dunda-Uttarkashi
Chuttu Yindows in the same strike of an autoctthonous belt which runs for
nearly 150 km, in inner parts of the Deoban-Teiam Zone, This belt is exposed
into small windows parallels the Simla-Krol Be't but is stratigraphically
older than the Blaini-Krol-Tal sequence. In the arca, the thick Quartzite
Formation and overlying Dichli Dolomite are normal segquerces of the alloch-
thonous zone and are thrust over the Junda-Uttarkashi Formations. The normal
sequence of quartzites extends upto longitude 79°C' but is inverted along

with overlying carbonates in eastern parts of the uJcoban-Tejam Zone,
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The Singuni Thrust is characterised by thick occurrence of mylonites which
include augen mylonites,augen schists and ultramylonites.From the relict por-
phyroclastic character of quartz,potash feldspar and perthite,these mylonites
appear to be quartz and feldspar perphyry intrusive along the thrust. These
have been initially .subjected to higher grade of metamorphism but were later

metamorphesad st shallow depths during the thrusting process,

The widesprcad metabasics in the Garhwal Group comprise metadol_rites,
amphibolites and chlorite schists. & serics of textural and mineralogical
transfofmations have taken place in response to th: changingmetamorphiec condi-
tions in the green schist facies, due to which the criginal doleritic and
fine grained basic rocks Were gredually metamorpnosed te chlorite schists,
Many smaller mctahbasic bodies are structurally discordant with country rocks
and appear to be intrusives as sills and dykes along shear zones. The more
widespread metabasics along the Uttarkashi and Dunda Tlrusts and a few imper-
sistent bodies along the Dharasu Thrust were emplaced during thrusting move-

m=nts,

The insoluble res‘due from carbonate rocks e.g., Dickli Dolomite,Khattu-
kkal and Upper Uttarkashi Limestones are characterisad by variahle colour and
percentage, detrital sand and silt,clay,shale fropments and different chert
and quartz varieties. The chemical and insoluble residue characters of the
¥hattukhal and Unper Uttarkashi Limcstones resemble each other and sugpest
their possible correlation, The carbonates of the area do not show any rela-
tionship between insoluble residuc and Mg®/Cal ratic, Similar relationship

has also been noticed in carbonates from the Cale Zone of Pithoragarh.This

may be typical of the Deoban-Tejam Zone calcareous rocks.

The heavy mineral separations from hoth belts >f the Quartzite Tormation
comprise predominantly a vari-ty of zircon and tourmaline with mincr amout

of rutile,staurolite,kyanite,andalusite,garnet,leucorene and pyrite. The
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comparative study of these heavy minerals indicates that the northern quartzite
bolt comprises more than ¢0% zircon in its nonmicaceous nonopaque fraction
while in the southern balt, percentage of all five tourmaline varietics
increases in normally disposed stratigraphically younger beds. The regional

lateral and stratigraphical variability of zircon and varieties of tourmaline

are significant and also hold good for quartzites in the adjoining areas.

The heavy mineral suite of the Quartzite Formation appecars to be grestly
modified during lone n:riod of peneplanation characterised by vigrous chemi-
cal weathering of the source area and transportation of detritus to the depo-
sitional site. On the basis of varietal characters of tourmaline and zircon,
it is proposed that the source rock area for these quartzites was posgsibly
complex metamorphic terrain of the Central Himalayan Geanticline during the
Procambrian, 4 change in the source rock characteristics is inferred from
different heavy mineral suites of the northern and southern belt of quart-

zites,

In the arca, the mutual stratigraphical relations are complicated duc to
large scale thrusts along formation contacts. The oldest ,normal and overthrust
Quartzite Formation resembles the Netala Quartzite member of the Uttarkashi
Formation while the overlying Dichii Dolomitc and Lower Uttarkashi Limestone
and Khattukhal Limestone are mutually combarable, The predominantly argilla-
ceous rocks of the Laluri-Chandpur Formations,Dhanari Slate and Pokhri Slate
are considered equivalent to each other. The Upper Uttarkashi Limestone also

resembles Khattukhal limestone in insoluble residue and chemical comdosition,

The correlation of the Lesser Himalayan rocks,as has been worked out by
the present Worker reveals widespread quartzite,carbonate and slate sequerces
while an upper limestone znd quartzite horizon is impersistently developed at
places. Some of the present day discrepancies in stratigraphical correlation

of the Deoban-Tciam Zone and Simla-Krol Belt can be removed by not correlating
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Quartzite Formation (Berinag Quartzites) with the Nagthats, Instead, the

of
upper quartzite sequence comprising/Shali Quartzite,Dunda-Bareti Quartzites
and Saryu Valley Quartzites (Rautgara Quartzites) has been correlated with
the Magthats and Jaunsar Series. The older arenacecous horizon comprising
of ¥haira Quartzite, Quartzite Formation, Netala Quartzite,Karanprayag-

Chamoli-Berinag Quartzites underlie the Peoban-Shali-Dichli-Gangolihat type

of limestones,

The Quartzite Formation and Dichli Dolomite were deposited under shallow
stable shelf conditions, while unstable shelf conditions have been worked
out for the widespread Dharasu Formation. The euxinic conditions were preva-
lent at certain localities during the accumulation of the Laluri A Member,

¥hattukhal ,Bangaon, lower and Upper Uttarkashi Limestones.

The sedimentary sequence has been largely broken into thrust sheets
which seem to have evolved succ9351VQly,the northarn most Uttarkashi Thrust

Sheet being the oldest,
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Fig.135

Fig,136

Fig.137

Fig.138

Thinly bedded argillaccous quartzites. Individual beds
are separated by bedding joints and measure about 2
metres., Tocks dip 50°due 570°W. Loec. Uttarkashi road

at milestone 71/4,

. Thinly bedded greyish green argillaceous quartzite(light

shade )bed (10-15 cm) grade to green phyllite(dark
shade).Loc. Uttarkashi road at milestone'7§/5.

White small quartz and feldspar sorphyroclasts 1in
augen mylonites, Thin Silica veins permeak the folation,
Pen nlunge 50° due S10°W,loc, Uttarkashi road near

milestone 7570,

Vhite quartzite lens (Quartzite Formation) in highly
crumpled chlorite schist: near the Uttarkasti Thrust

zone. Loc.Sankrona én Uttarkashi-Lambgaon road,
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g, 140

Fig.141

Fig.142

Exfoliation weathering in metadiorite facilitated by
jointing.Fresh spherical modules come cut from highly
weathered metadiorite.Loc,Dharasu-Rarkot road at mile-

stone 17/0,

Cast of svmmetrical ripole marks on lower surface of
quartzites. Note sharp crests and smooth troughs. loc,

Uttarkashi road at milestone 74/1,

Normally disposed symmetrical ripple marks on the lower
surface of a bed., Mud cracks on troughs in laminated
quartzites and sl-tes, loc,1.5 km.ESE Malli on right
hbank of Dichli Gad,

Section of Parallel current Ledding in pure quartzites.
Beds'-- dip 60° due S75°W, Loe, Uttarkashi road at
milestone 73/6.

Normally disposed festoon currant bedding marked with
eolour laminations in pure quartziteées, Beds dip 40° due

SW.Lloe, Uttarkashi road at milestone 74/0,
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Fig.lik

Fig.145

Fig,146

Fig.147

Fig,148

Inverted trough current bedding in quartzites; beds are

inverted towards NE. Loc. Uttarkashi road at mi lestone 8G/0,

Ball and nillow structure in argillaczous quartzites.
Elongated,ellintical shaped structure is wrapned by ground-

mass. Loc.0.5 km. N7 Chaprs on right bank of Nagon Gad.

Rroad undulatory rippled surface with poorly develcped

faint flute casts. loc,Uttarkashi road at milestone 7G/4.

Dome shaped vertical stromatolite columns jointed together
in algal dolomite. Loc. 0.5 km, E Malli on right bank of
Dichli Gad,

Tightly apressed isoclinally fclded laminated slates of
Dhanari Slate member. <7Pen on the bedding surface. The
axial plane dips 50° due N6O°E, Loc. Uttarkashi road at

milestone 76/1.
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Fig.149

Fig.150

Fig.151

Fig.152

Figs,153

An asymmetrical synciine in massive argillaceous quartzites.
Hammer along axial plane cleavape which dips 60° due E. The
limbs of the fold dip 85° due S 60°Y and 30°due E. loc.Kansi

on Sarot-Chapra road.

Minor puckers in laminated argillaceous quartzites. Axial ;|
plane of these puckers dip 606° due WSW while their axes (line-
ation of the slaty cleavage) plunge 10° due SE.Loc.Barethi on

Dharasu =-Chapra mule track.

Trace of bedding surface on slaty cleavage in laminated argi-
llaceous quartzites. The beds dip 25° due N 10°W while slaty
cleavage dips 35° due N60°E. Minor puckers form a lineation

plunging 10° due S50°E on the cleavage. Loc.Jastwari.

Puckers and kink folds in friable argillaceous quartzites.
Axes plunge 10° due S30°E and axial plane dips 80° N60O°E.

Loc. Barethi.

Recumbent fold in Dunda Quartzite member. Beds at lower
altitude dip 75° due S 70°E whilc in the centre 85° due
S85°E and near top 45°due S20°W. Loc. Uttarkashi road

between milestnnes 77/4 and 77/5.
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Fig.154

Fig.155

Fig,156

g, 187

Fig.158

Fig.159

Gritty quartzite from the Laluri C Member of Laluri Formation
exhibiting ellipsoidal and spheroidal coarse quartz grains

in 2 cm. thick bed. Sp,No.6/398, Loc.-0,5 km,Kiari.

Very fine alternating phyllite and quartzite laminae in
phyllites of the Chandpur Formation. Sp.No,5/97,loc.1 km,

SW Lavuri,

Lamirated argillaceous quartzite of the Dharasu Formation,
Faint closely spaced slaty cleavage with micaceous sheen

lie at 40° to the bedding. Sp.No.A/392, Loc -3arot,

Same specimen., Sharply bent foliation by axial plane

cleavage and lineation of kink folds,

'Ball and pillow' structure from argillaceous quartzites
of the Dharasu Formation. Ellipsoidal concretion is wrapped
by laminae of the groundmass. Sp.No.6/434,.loc., milestone 2/1

Dharasu-Barkot road.

Conglomeratic schistose sericite quartzite from Quartzite
Formation with coarse sand to granule size quartz in strong-
ly schistose groundmass., Two elongated pebbles ( 3-6 cm.)
lie flattened along the foliation. Sp.No.5/177,Lloc,0.5 km,

E Soman.
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Fig,.160

Fig,161

Fig,162

Fig,163

Fig.164

Fig.165

A quartzite boulder (14x11.5x 4 cm,) from conglomeratic
schistose sericite quartzite of Quartzite Formation, The
surface is marked with sericite mineral lineation.

S».No,6/298, Loc,0,75 km, SW Singuni,

-Schistose sericite quartzite from northern belt of Quartzite
Formation with a strong sericite -muscovite-quartz mineral
lineation(Ll) along the foliation (SZ)' Sp.No,5/160,Lloc.1 km,

N Chaurikhal on Uttarkashi-Lambgaon road,

Schistnse sericite quartzite of Quartzite Formation with
poorly developed foliation. Mica and quartz mineral lineation
is prominent., Sp.No.5/163, loc. 2 Km,N¥ Chaurikhal on
Uttarkashi -~Lambgaon road.

Stromatolitic structure(€ollenia columnaris) showing an up-
ward increase in diameter of the laminae;algal dolomite from
Dichii Dolomite. Sp.No.A/310,loc.l.5 km.ESE Malli,

Intraclastic dolomite from Dichli Dolomite, Elliptical,
circular and elongated intraclasts (1.5 to 0,5 cm.) in dolo-

mitic matrix, Sp.No.E 25,1lo0¢.1.5 km,ESE Malli,

Pellitiferous limestone of Khattukhal Limestone member
(Dunda Formation). Elliptical and circular pellets (0.5 -2 mm)
in white crystalline calcite. 5p.No.6/12,Loc.15 NW Nagla,
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Fig.166

Fig.167

Fig.168

Fig.169

Fig.170

Fig.171

Strongly crenulated slaty Khattukhal Limestone. The crenulation
and defined by calcite veins. Sp.No,6/473,Loc.Milestone 75/4
Uttarkashi road,

Thinly bedded argillaceous slaty quartzite of Dhamari Slate
Member of the Dunda Formation. The trace of bedding plane on

slaty cleavage 1s seen, Sp,No,6/475,loc.Painkhal,

Irregular,partially filled amygdule cavities (drusy quartz)
in fine grained schistose amygdaloidal metabasic. Sp.No,
6/27, loc,0,5 km.W Dhanpur.

Massive dark metadolerite with poorly defined hornblende
prisms, At other places(not in phote) clustering of hornblende

prisms is seen.Sp.No,6/199, Loc, milestone 75/0 Uttarkashi road,

Strain-slip cleavage(S3) along axial plane of slip fold in wea-
thered, ychlorite schists, The foldation (SZ) 1s sigmoidally
kinked batween adioining,closely spaced cleavage (1,5 mm,)

Sp.No.6/164,loc.1,5 km,WN¥ Pata on Tekhla logging section road.

Same specimen. Strongly corrugated foliation(sz) surface micro-

corrugatior or minor puckers (L3) due to minor slips,
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Fig,172 Asymmetrical minor slip folds in chlorite schists. Thin
Silica veins permeate along foliation'(Sz). Strain-slip
cleavage (SB) is 0.5 to 1 mm. apart as discrete planes,
Sp.No,6/118, Loc.Kankrari,

Fig.173 Same specimen, Strongly develdped minor puckers (L ) on
3
foliatidn planes due to intersection of strain-slip cleaave
(53) and foliation(Sz).

Fig,174 Strong mica linmation over rough foliatinn surfaces in augen

schists, Sp.No,6/302, Loc,0.5 km, SE Khattukhal.

Fig.175 Polished specimen of augen mvlonite. Rectangular to augen
shaped porphyroclast of feldspar and quartz are embedded in
laminated, fluxion micaceous mass, Silica veins permeate
foliation near the top. Sp.No,6/301, loc. milestone 75/1 on

Uttarkashi road.

Fig,176 Polished specimen of augen schist, Elongated quartz augens
(0.5-5 mm.) in undulatory schistose micaceous groundmass.

Sp,No, 6/302,

Fig,177 Polished specimen of augen mylonite, Numerous rectangular
and qugens of feldspar and quartz in dark fluxion banded
groundmass. Sp,No,6/296,Lloc,Along Singuni-Margson mule
track,0.5 km,SW Singuni.
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Fig.178

Fig.180

Fig.181

Fig.182

Fig.183

Fig.184

Fig,185

Fig.186

Fig.187

Fig.188

Tourmaltne characteristics from southern Qugrtzite Formation

belt

Large birefringent microlite inclusion (tourmaline?) in green
tourmaline, Pol,X 160,

Striations as basal partings in rounded pink tourmaline.
Pol. X 160,

Anhedral brown tourmaline with conchoidal fractures.Pol,X 160,

Secondary authigenic tourmaline overgrowth upon rounded brown
tourmaline with g gradational zone. Pol. X 160,

Black,opaque,nonbirefringent necedle shaped microlites in
rounded green tourmaline, Pol, X 160,

“rismatic euhedral pink tourmaline, Pol X 160;

Authigenic secondary overgrowth upon rounded,fracture,green
tourmaline with sharp contacts, Globular inclusion in brown
rounded zircon in right hand corner. Pol. X 160.

Typical heavy mineral assemblage from southern belt, Rounded
tourmaline of varidus shades and inclusions. Pol, X 45,

Heavy mineral suite in thin section (sp.No.A/160). Rounded f
fractured tourmaline with secondary overgrowth.Three dark
brown prismatic and rounded zircons, Pol.X 90,

Rounded pink tourmaline with many globular inclusions,
Fol, X 160,

Elongated,elliptical green tourmaline with numerous bubble
inclusioms in the centre, Secondary overgrowth ircipiently .
developed.FoliX 160,
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Zireon Characteristics from Quartzite Formation

Fig.189 Zoned prismatic rounded zircon with radial fractures
Pol. X 160,

Fig.190 Globular mineral inclusion in zirecon. Pol. X 160.

Fig.191 Rounded colourless zircon with globular microlites;

subhedral yellowikh garnet below Pol.X 160.

Fig.192 Large prismatic brown zircon with longer prismatic faces
than the dipyramids.Pol,X160,

Fig.193 Typical heavy mineral assemblage from northern Quartzite
belt, Very well rounded zircons of varying transparency-
Pol.X70.

Fig.194 Rounded elongated zircon with basal partings.Pol.X 160,

Fig,195 Twinned doubly terminated prismatic colourless zircon with
sharp edges. Pol.X 160.

Fig.196 Twinned prismatic zircon showing rounding of edges.,Pol.X 160,
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Fig.197

Fig.198

Fig.199

Fig.200

Fig,201

Fig,202

Typical phyllite from Chandpur Formation., Silt size quartz
rich laminae (0.2 mm) are defined by thin sericite laminae.

(Sp.No,5/106). Pol,.X 45,

Subrounded sand size quartz and a few albite embedded in
sericite chlorite rich recrystallised matrix in quartzites
from Nagthat Formation.Mica revlaces clasts along margins and

fractures (lower right hand). (p,No.5/139),Cross X 90,

Cataclastically d~formed quartz schist of Nagthat Formation
near Basul Thrust. Elongated and marginally granulated quartz
clasts in strongly oriented quartz-sericite groundmass along
the foliation, Strain -slip cleavage intersect foliation at
high angle along which guartz and sericite also recrystallise
(Sp.N ,6/415),Cross X 45,

Cataclastically deformed sericite schistose quartzite from
Nagthat Formation,Fine granulated quartz of groundmass with
coalesces with lensoid coarse quartz clasts, Sericite-chlo-

rite wrap quartz,clastss(Sp.No 5/107),Cross X 90.

Quartzite from southern Quartzite Formation. “ell rounded
very coarse sand size detrital quartz embedded in fine
sand size quartz exhibiting bimodal distribution.Large quartz

grain shows deformed lamellae.(Sp.No.A/315),Cross X 15.

Ferruginous quartzite fro» southern Quartzite Formation.Well
rounded quartz exhibits worn secondary overgrowth and pitting
of surface by matrix. Prismatic tourmaline microlite inclu-

sion in another quartz grain.Matrix is ironoxide and chlorie.

(Sn.No.,A/198),Cross X 90,
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Fig,203

Fig.204

Fig,205

Fig.206

Fig.207

Fig.208

Fine grained quartzite (Quartzite Formation).Interlocking
detrital quartz,incipient grains elongation and profound

granulation along margins. Sp.No0.5/189,Cross X 90.

Profourdly granulated detrital quartz in schistose sericite
quartzite of Quartzite Formation. Fine quartz of groumdmass
coalesces with detrital grain(mortar texture), A few fract-

ures run across quartz clast. Sp.No.A/130,Cress X 90,

Extremely elongated (1:5) quartz grains alenp foliation and
exhibiting profound granulation in quartz schist near

Singuni Thrust of Quartzite Formation., Sp.No.5/153,Cross X 45,

Bimodal quartz from intraclastic dolomite of Dichli Dolomite
formati~n,Coarse quartz grains are well rounded and exhibit
silica secondary overgrowth and marginal replacement by dolo-

mite. Sp.No.A/390,70l,X 90.

Coarse rounded detrital quartz from insoluble residue of

intraclastic dolomite.Sn,No,6/44,.Reflected lizht; X 15,

Dark micrite dolomite elongated pellet with oolitic growth,
Note a few angular quartz grains in pellet.Matrix comprises

rounded quartz with dolomite cement.Pol,.X 90,
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Fig,209

Fig.210

Fig,211-

Fig.212

Fig.213

Fig.214

Composite ocoolite exhibiting single ring growth over nucleus
of (i) oolite without nucleus,(1i) oolite with micrite nucleus,
In upper hand corner oolite growth over quartz nucleus is

seen, Sp.No.A/389, Pol.X 90.

Many rings of ocolite growth without nucleus. Also oolites with
quartz and micrite nuclel are embedded in quartz rich matrix,

Sp.No,A/389. Pol.X 90,

Peikiloblastic muscovite with quartz inclusions in preferably
oriented seriéite and chlorite groundmass in slates of

Dharasu Formation, Sp.No.6/398, Cross x 100,

Subrounded fine sand size quartz embedded in chlorite-sericite
felt mass.Thin iron oxide coating over quartz is prominent in
purple argillaceous quartz of Dharasu Formation.Sp.No.A/191,
?0l.X 90,

Hell crystallised and strongly oriented muscovite flakes in
pelitic laminae alternating with granoblastic quartz rich
seminelitic layer in phyllites of Dharasu Formation.Sp.No,

A/382, Pol. X 90,

Silt size quartz embedded in fine sericite-chlorite felt

groundmass of phyllitic slates(Dharasu Formation)Note an

angular quartz clast in the centre is marginally rep laced
by seticite, Mica rich laminae altermate with semipelitic
layers,Sp.No,.6/434.Pol,X 70,
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¥ig,215 A typical argillaceous quartzite of Dharasu Formation.
Subrounded quartz is margirally replaced by strongly
oriented sericite rich matrix,Note marginal granulation
in quartzgrain in left corner and fragmentation at the top.
Sp .No,6/437,Cross X 70,

Fig.216 Fine grained nurole laminated argillaceous quartzite of
Dharasu Formati~n exhibiting microdisplacement of two
hematite rich laminae by slaty cleavage marked with
hematite coating and recrystallisation of sericite, Sp.
Mo.,A/191,?01.X 20,

Fgg.217 Gradational contact between dark, carbonaceous chert and
calcite rich laminae.A few clacite rhomb are seen in

colourless Ealcite laminaB.Sp.No, Pol, X 70.

Fig,218 Elliptical shaped pellets defined by carbonaceous inclusions
embedded in colourless calcite and cherty groundmass,
Recrystallisation has obliterated internal structure of
pellets. Pellitiferous limestone from Khattukhal lime-

stone member. Sp.No,.6/12, Pal.X 20.

Fig.219 Recrystallised,interlocking and preferably elongated

calcite in limestone (Upper Uttarkashi Limestone,Sp,.No,
6/68,Cross X 70,

Fgg. 220 Subrounded quartz and albite clasts in strongly oriented
Sericite-chlorite matrix (feldspathic quartzite from

Bareti Quartzite member).Sp.No,A/133,Crossed X 70.
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Fig,221 Albite porphyroclast exhibiting microfracturing,displacement
and profound sericitization and replacement by sericite,

Augen mylonite, Sp.No.6/297,Cross X 100,

Fipg.222 Perthite porphyroclast from augen my lonite;profaund replace-
ment by sericite of the groundmass ilong fractures aligned

parallel to the foliation.Sp.No.6/296,Cross.X 45,

Fig,223 Highly sericitised albite porphyroclast in fine strongly
oriented sericite chlorite groundmass. A quartz vein cut
across the clast,Note gradual replacement of a lbite by

sericite,

Fig.224 Profundly granulated margin of a broken quartz porphyroclast
in augen mylonite, Few discrete fractures run across porphy-

roclast, Sp.No,6/303,Cross X 45,

Fig,225 Coarse well crystallised muscovite flakes alternate with
fine sericite quartz in augen schist, Quartz'augen is highly

fractured and granulated at the tail. Sp.No.5/179,Cross X 45,

Fig.226 Regularly fractured garnet (almandine) orphyroblast surrounded
by chlorite in sericite quartz rich graundmass of augen

mylonite, Sp.No,5/180, Pol,X 45,






Fig.227 A complete pale green hornblende pseudomorph after augite,
Note preservation of basal pyroxene cleavage which is the
[}
margins are chloritised and corrugated., Metabasic.Sp.No,

61/181,P0l.X 90,

Fig.228 Twinned basal augite hypidiomorphic crystal in metabasic
embedded in chlorite rich groundmass. Sericitised albite lath is

is seen in upper left corner. Sp.No.6/196, Crossed X 90,

Fig,229 Profoundly chloritised augite crystal along margins and
cleavapes,hazYs and corrugated margins,Chlorite is strongly
oriented along the foliation in schistose metabasic. Sp .No,
6/182, Pol,X 90.

Fig.230 Brown prismatic hornb ende altering to pale bluish green
hornblende along margins in metabasics. Note common prismatic

cleavages. S:.No,A/73,Pol. X 90,

Fig.231 Highly chloritised basal pale green hornblende in quartz-albites
chlorite rich groundmass. Sp.No,A/316, Pol.X 90.

Fip.232 Sipgmoidally twisted chlorite due to strain-slip cleavage in
chlorite. A few chlorite flakes also recrystallise along
this slip cleavage, White mass is quartz. Sp,No.6/134
Pol.X 40,
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