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ABSTRACT

The thesis incorporates results on the stratigraphy,structure \nd sedi

mentation in an approximately 900 sq.km. of the Lesser Himalayan terrain along

BhagiratM river,districts Utt-rkashi and Tehri.U.P. On the basis of geological

napping on 2a=l km. scale, various lithostratigraohical units have been

established and described with their fie Id,megascopic and microscopic chara

cters. The folds, faults and thrusts have been described with their field

evidences. The structure of the area deals with their mutual interrelation-

shin 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 ir -diagrams. Atectonic setup of the area has been attem

pted and is compared with adjoining regions of the Lesser Himalaya between

Simla and Kuraaon,

A number of thrusts are conspicuous by occurrences of mylonites and

metabasics which have been'dealt with respect to their field,megascooic and

microscopic characters. The metamorphism,mode of emplacement *md relationship

of mylonites and metabasics with thrusting is discussed.

The sedimentological studies include insoluble residue and chemical ana

lysis of carbonate rocks and heavy mineral investigati ns in arenaceous rocks.

The insoluble residues from dolomites and limestones are described. The chemi

cal data for calcium and magnesium is used in classification of the carbonate

rocks. The insoluble residue and CaO/MgO relationship is compared with carbo

nate formations of the Lesser Himalaya.

The heavy mineral separations from quartzites are quantitatively,quali

tatively and statistically analysed. The lateral and stratigraphies 1 varia

bility of zircon and tourmaline varieties from Quartzite Formation of the

Garhwal Group is regionally studied to show their importance in stratigraphy,
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structure ^nd tectonic interpretation. The grain size data of zircon,tourmaline

and quartz from heavy mineral separations of quartzites and thin sections of

non-calcareous sedimentary rocks is statistically represented by the Smithson

and Haggerraann diagrams for purpose of their application in correlation and

sedimentation of rocks.

The stratigraphy of the area is separately described and correlated with

other Lesser Himalayan formations. On the basis of the above studies, sedimen

tation and tectonic history of the area is reconstructed.

In the last chapter,the conclusions are briefly enumerated.
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CHAPTER- 1

I N T R 0 D U C T I 0 _N

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 "Uttarakhand"
(Map.i). 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,J/3,J/5.J/9

and J/10. The Bhagirathi 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 important pilgrimage

centre for the Hindus, is situated on its right bank and is approachable by

150 km. long all weather metalled road from Rishikesh, the last railway

terminus in t^e foothills**

In recent years the interior of the area has been made accessible by a

number of new mule tracks and roads along which some of the best geological
sections are exposed. The Uttarkashi road has been extended to Bhatvari 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-Chaora,DhanaultI-Chaora, Silkyara- Bangaon.Gangori-Dodhi Tal and

Tekhla and Netala'logging section1 roads (Map -2).

1.2 CLIMATE

The climatic conditions in the Lesser Himalaya are important governing

* Refer aonendix for the location •
** in the text, this highway is referred as the Uttarkashi road and the

milestones 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 topographical features, the diverse type

of climates limit field season only to a few monihs. During the summer,

the valleys are hot, humid and uncomfortable. The rainy season assumes its

ferocity during 3rd week of June and continues till August. The winter

season is very cold from Decenber to March. It generally snows at higher

altitudes while -the rains are common in the valleys during winter. The

temoerature 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 oart of the Lesser Himalaya, the topography is tyoically immature,

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

the NNW-SSE to WNW-ESE trending prominent ridges an-4 is separated from the

Yamuna drainage system by a NE-SW ridge in the west and northwest. In the

southwestern region, the Gcrpha Dhar* joins with the Nag-Achrala Dhar and

runs in the N'r-SE direction. In the western part, many ridges trend more

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

the iimortant ridges are formed by the dessi cation o£ ground by the Dhanari,

Gamri and Dichli Gads, and converge near hill 2890 metres.

The elevation .of the area varies from 730 metres in the Bhagirathi

valley near latitude 30°3C" to the hill 2890 metres on the Baul Danda*.

The topographical mao of the area shows many peaks with more than 2500 metres

in height. Of these the imoortant ones are Deo(2648 metres) and Kagni Thak

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

* Dhar and Danda equivalent to ridge,

** Gad equivalent to stream.



The area is drained by the mighty,turbulent perennial Bhagirathi, a

tributary of the River Ganga. The Bhagirathi drainage system includes the

following important streams:

(i) Nagon Gad flowing in the SE direction in the southwestern part,

(ii) Daski Gad, a SE flowing tributary of the Khurmola Gad in the central

western oart of the area.

(iii) K^urranla 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. and meanders 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, upto Dhcrasu. Further in the

southeast, it flows NW-SE. The E-W trend of the river between Nakuri and

Uttarkashi is peculiar to the area as it is characterised by a broad U-shaped

valley in comparision to a typical V-shaped valley elsewhere. This feature

appears to have been structurally 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 valley 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 Madi.

Though the Bhagirathi river for most of the part in its upper course

flows transversely to the regional NW-SE strike of the Central Crystalline

70ne, it seems to have been effectively controlled by the strike of the Lesser
Himalayan formations between Gangori-Netala, Nakuri-Uttarkashi and Dharasu-

Chham.

The topograohy of the region Is controlled by the lithology,strike and

joints of the rock*. The variations in the trend of different ridges viz.,
Goroha Dhar(M 60° »-S 60°E), ridge between Nagon and Daskl Gads (W 55°W-S 55=E)
Molthat Dhar(N 30=W-S 30=E) and Dano Dhar(N 10= V-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 is also apparent from their

mutual relationships 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 devil'ions in the stream

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

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

following drainage patterns have been identified in the area.:

(i) Radial drainage pattern - 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 oeaks. The drainage is typical of the Quartzite

Formation which comprises bard jointed quartzites.



(il) Parallel drainage pattern - It is ubiquitously distributed and

represents steep slopes.

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

Dhanari and Gamri Gads in the eastern part. The rectangular pattern

is oriented approximately NW-SE,NE-S" to N-S and E-W. The prominent

W-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

subtropical and temperate forests are governed by elevation,temperature and

precipitation. 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 lemon grow at lower altitudes

while apple,apPricot, citrus,peach, plum,pear,strawberry,kaphal etc. are more

common at higher elevations. The crops are mainly wh at,rice and raandwa. The

vegetables are mostly potato which is cultivated at higher altitudes in abun

dance besides tomato cabbage ,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, sootted deer etc. Snakes and scorpions 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 Himalaya have been systematically
worked out in detail by the various workers in the oast 100 years. Medlicott

(1864), Oldham (1883), Middlemiss (1891) and Holland(1908^ paid more attention

to the geology of the Simla-Chakrata- Mussoorie regions in the southern part

of the Lesser Himalaya. The work in the late 19th and early 20th centuries

has been summarised in certain important publications e.g.,"Geology of Himalaya

» by Havden (1908) and Burrard and Heron C-934).

The regional geological and structural work in the Himalaya gained momen

tum after the description of nappe structure in the Simla Hills(Pilgrim and

West, 1928). After this, the contributions of Wadia (1931) (Syntaxis of NW
Himalaya), Auden (1934a) (Geology of the Krol Belt), Auden (1937) (Structure

of Garhwal), Heim and Gansser (1939) (Central Himalaya), West (1939) (Structure

of the Shall 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 and 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 little

attention andwas investigated only along a few traverses.by Auden. Since his

work in 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 apart of the present area have been summarised in

the General Report of G.S.I, for 1935".



••The rocks encountered along Bhagirathi River as far as Sini(30=46•:
78=35') consist of three groups in the following sequence:- top - schistose
ohyllites resembling Chandpurs, athick series of quart«iteB and bottom -
slates and limestones. The quartzites are well «*••* *""»!m ^nTthis
to Sini and show astriking resemblance to those seen at Chaaotl. Along thi.
Part of the valley, as along Alaknanda,there are extensive basic intrusive
rocks now -. eoldlorltes. Still further northeast these are converted Into
hornMenfe schists At Sini there is an abrupt change from sheared quartzites
to the overlying schists and gneisses "

A somewhat more detailed account appeared in the General Report of

G.S.I, for 1937:

•• Mr. Auden has traced the Tons Thrust from Sarog (30=42•:77°44') to
vu*r>A ^noi?'• 7R°21') where it aopears to terminate abruptly along tne"h:g1rathi3RivJ8a ainst^or tectonic unit which divides the Barahat series
from the overlying Chandours. The Barahat series is anewly recognized group
of rocks consisting predominantly of quartzites together with H-^nes
and occasional lavas. These quartzites resemble those of both Nagttat 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 ofthe lhagirathi River and like the Nagthat quartzites show complex
secondary folds. Near Pirhi hill (30=26•:78°32 •) ***»*£*'**"g°£t
ated limestones are mostly silicious dolomites containing bands of P*le chert,
bu? towards the northwest this type disappears,metamorphism increases and the
limestones occur as fairly banded marbles similar to those in the Mandha 1
Series south of Chakrata. These marbleSare to be seen "ear Giunota(30 45 .
78=17<) and just north of Barahat Rest House (30-45':78=27'). Amygdaloidal
lavas occur near hill 5838 (30=30':78=28') and may represent alocal develop
ment of Panial Traps. Avolcanic suite likewise is associated with quartzites,
occurs south of Chamoli (30=24-:79=20'). The Barahat series extends to the
southeast into 53J/SE cropping out at Maniknath hill (30=22-:78°40' and
Ter any oins up with the Chamoli group which Mr. Auden noticed along Alak
nanda River in 1932 in sheet 53 J/NW. The SW boundary of this series with the
overlying Chandours is regarded as thrust plane and has been traced from
30^46-71=17' to 30°24':7i°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 Reoort of G.S.I, for 1939.

"The main point of Interest is that the Barahat series,first found in
1937 occurs'in atectonic window called by Auden as Chamoli Window. J^ocks
exoosed in the window are quartzites, dolomites and green beds ^eluding
volcanics. Auden now proposes to substitute the name Garhwal Series in plane
of Barahat Series. Limestone .... appears to be overlained and under lain* by
quartzites and Auden thinks that the whole series may orobably 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) ^aloldal
andesites (oerhaps contemporaneous with Panjal Traps) are found i" Garhwal
Series but not in the Krol Unit. It is significant that Teiam Calc Zone °f
Helm and Gansser also occurs in a tectonic window below °verthrust crystallines
and that this zone is the southeast continuation of Auden's Garhwal Series .
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In recent years, the Geological Survey of India has carried out systema

tic mapping of the area and the results of this work have now being communi

cated in the general report for 1964-65. In 1966-67, ateam of geological

trainees from the Indian Photointerpretation Institute,Dehra Dun h^ve studied

apart of the area for the aerial photo-interpretation of which asketch map

covering only the 90uthwestern portion of the area has been published

(Ruoke,1968). Apart of the southwestern region has also been traversed by

Rao (1963,1968).

1.6 SCOPE OF WORK

The oresent work is aPart of the assigned oroject in the Lesser Himalayan

region between the Bhagirathi and Yamuna rivers under the Himalayan Geology
Scheme of the University Grants Commission as has been implemented in the

various Indian universities on the recommendation of late Prof.D.N. "adia,

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

In 1937, Auden in his tectonic map and cross-section across the Garhwal

Himalaya(Map -10,Fig.57) has left awide gap between the 'autochthonous zone/
on the northern fringe of the Krol Na?pe and the Central Crystalline Zone and

equated this with the Krol Nappe tectonic unit with aquestion mark (also
Auden,1949). Subsequently in 1949 he named this oart of the inner sedimentary

belt as 'Garhwal Series' and observed its occurrence the 'Chamoli Window-.

With the aim of bridging this gap in the geology of Garhwal, the present

worker has chosen this area which incorporates amajor oart of 'Garhwal

Series' and covers aoart of the northeastern region of the 3imla-Krol Belt.

No detailed publication dealing with the geology of f-e present area has so

far appeared and therefore this thesis is the first attempt on the geology of

this unknown and important part of the Garhwal Himalaya.



1.7 FIELD WORK

The area under investigation was first visited in November-December, 1965

for areconnaissance and was again traversed in May-June,1966. The detailed
geological work has been carried out during October to March,1966-1967. About
8months spread over in the three field seasons have been spent in the field.
In addition, the adjoining areas have also been traversed for abetter under
standing of the regional structure. These traverses include (i) Uttarkashi-

Bhatwari-Tiara along the Bhagirathi river,(ii) Uttarkashi-Dodhi Tal, and

(iii) Barkot-Syanachatti along the Yamuna river, Besides 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 aspects;

(i) Detailed geological mapping of the area with Brunton Compass on

2 cm. • 1 km. scale (1:50,000).

(ii) Collection and plotting of structural data.

(iii) Collection of representative samples of all rock types including

systematic sampling of dolomites and limestones.

(iv) Preparation of geological field map, cross sections and sketches of

important features which were also photographed.

1.8 LABORATORY WORK

The following laboratory investigations have been carried out during

the present work:

(i) A critical study of relevant geological literature.

(ii) Petrograohic 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 samoles and thin sections by Alizarine Red S.

(iii) 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 samples from Bhillangana-Srinagar-Rudraprayag

and Bhagirathi-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.
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2.1 INTRODUCTION

The present area covers a part of the northeastern portion of the Simla-

Krol Belt but it mainly 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 tnese belts (pre-Blaini

formations) generally comprises Algonkian to Lower Palaeozoic,unfossiliferous,

arenaceous and argillo- calcareous sediments. Since the area has not been

earlier studied in detail, the writer has mapped it in 2 cm. = 1 km. scale

(1:50,000) (Map -3). On the basis of this mapping,the different rocks have

been grouped into many lithostratigraphicr.l units (Table 1):

The formations have been affected by metabasic and augen mylonites

intrusives which are more abundant in the Garhwal Group. The rocks have

generally suffered low grade metamorphism due to which many of the sedimen

tary texture are obliterated.

In the present work, nearly 50 thin sections and polished samples of

limestones and dolomites were stained with Alizarine Red S for the identifi

cation of calcite and dolomite (cf., Friedman,1959; 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 Hentworth's (1922) scale, of

grain size is followed in describing the class limits for the clastic grains.

The thickness of the lithostratigrapMcal units has been determined from

many representative geological sections drawn across the formations.

Due to the meta-sedimentary character of the rocKS, the following



TABLE- 1

CLASSIFICATION OF LITHOSTRATIGRAPHICAL UNITS OF THE AREA

PRESENT CLASSIFICATION

(1) Laluri Formation

Slates,quartzites and phyllitic
slates.

AUDEN'S CLASSIFICATION

(1934a;1949)

(1) Mandhalis

Quartzites,slates,limestones with
conglomerates.

(2) Chandpur Formation J(2) Chandpurs
i

Alternating phyllites and quartzites. Alternating phyllltes and quartzites.

(3 ) Naftthat Formation

Schistose quartzites,sericite quartz I
8chists,arkoses etc.

(4) Dharasu Formation

Slates,phyllites and argillaceous
quartzites.

(5) Bangaon Limestone

Dark greyish black limestones.

(6) Garhwal Group

Quartzites,limestones,dolomites,
slate s,phy11ite s,metabas i cs etc.

(3) Nagthats

Quartzites, sandstones, arkoses with
conglomerates and minor slates and
phyllites.

(4) Simla Slates

Slates,phyllites and graywackes.

(5) Deoban Limestone

Dark grey limestones with minor slates

(6) Garhwal Series
— ———————

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.

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

157o matrix and less than 107* feldspar and mica.

(iii) The terms micaceous and feldspathic quartzites have been used for

arenaceous rocks with less than 10% detrital mica and feldspar respectively

and minor amount of matrix.

(iv) Matrix is arbitrary defined as less than 0.03 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 I of this

chapter deals with their distribution, field and megascopic characters while

the microscopic characters have been described separately in Part II.

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 Auden(1934 a, 1949). Due to

unmapped adjoining areas, new and modified classification has been adopted on

the basis of the following criteria:

(I) Lithological characters and their associations which are comparatively

different from the already established units.

(ii) Normal stratigraphical succession as evidenced from the gradational

contacts and sedimentary structures.

(iii) Structural relationship of different liti-ostratigraphical units

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

unpublished w0rk in the adjoining region.

(v) Association of basic rocks in the Garhwal Group rocks.

The "Code of StratigrapMc Nomenclature(196l>" has been adopted in

classification of the lithostratigraphicai units. The earlier stratigraphical

names have been modified and a few Barnes 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

lithostratigraphicai 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

litholagical characters and discontinuity in the geological work. This has

helped in avoiding confusion with the present day nomenclature. The names like

Dunda and Uttarkashi Formations describe • varying lithological,stratigra

phical and structural characters of probably the same sequence which is exposed

in the Dunda and Uttarkashi Windows (Chapter 3).

PART -I GEOLOGICAL SETTING

2.3 LALURI FORMATION

2.3-1 MODE OF OCCURRENCE -

About 400-1000 metres thick sequence of slates,phyllites and quartzites

is exposed on the Goroha 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=v -S60°E direction. It overlies purple argillaceous quartzites of

the Dharasu formation and is delineated 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°« 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 lithostratigraphicai 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 0 to 300 metres. It

pinches out at Kiari and extends for at least 15 km. 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 encrustations. In the southeast near

rhand 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 is 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 along 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 . LALURI B MEMBER

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

classified into the Laluri B Member. It is exposed it 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

Ramolisera in the southeast.

The member comprises greyish green, thinly laminated(0.05-l 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-Chh^m mule track in the south

east. The member consists of purple-green slates with intercalated gritty

and argillaceous quartzites. The good exposures are seen 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 are 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 FORMATION

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 unto Nag Tibba. Fnra the general consideration of the regional strike,it

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

2.4-2 FIELD AND MEGASCOPIC 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 phyllites occasionally show wrinkled surfaces due to an

incipient slip cleavage which also develops a fine lina&tion. 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 lOO 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 grade 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°W 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.l). The formation is

predominantly arenaceous and consists of sericite quartz schists,schistose

quartzites 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 developed

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 1km. 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 Nagthat Formation is abrupt

with asharp lithological contrast. While the Chandpur Formation is predominantly

argillaceous,the NagthatS 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 exoosed 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 is nearly 700 metres thick.
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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 respectively. 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 in the 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 in 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 phyllites are predominantly greenish,laminated 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 Fdrmation are dom nantly arenaceous in character

and are characterised by grey-green-purple, laminated,thinly bedded and massive

argillaceous quartzites which look like 'wackes'. These quartzites are genera

lly laminated (Figs. 136 &156 ) to thinly bedded (0.5 ma - 15 cm. ).

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
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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. Nevertheless,the greyish and greenish

argillaceous quartzites are more common on the left bank of Khurmola Gad and

Bhagirathi river between Majhgaon-Dharasu-Pujargaon and are generally devoid of

purple colours 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

contact 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 meta

basics near Soman and Ulya while the Dharasus are intruded 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 immediate contact with the concretions (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.

(iii) Flute casts - Faint flute casts with S65°E trending oriented ridges occur

on the undulating bedding surfaces in' the greyish-green argillaceous quartzite

outcrop at milestone 70/3 along the Uttarkashi road (Fi^. 146)..-.
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Mesosco~>ic structures

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

stratification in the Dharasu Formation dips variably from 30° to 90° 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 steeply dipping to 50-70° due SW between

Kandi and Chunyali along the left bank 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 N40",W_S40°B 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.

<ii) Slaty cleavage - The argillaceous 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 is

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.

(iii) 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.S75°W.
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(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 are 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 Structuresd) 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.

(il) 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

northern limb of the Daski Syncline.

(iii) 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 NW-SE and NNW-SSE

trending anticlines and synclines e.g. the Nagon and Malli Anticlines and

Daski and Bharkot 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 Laluri

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 features and other field 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 limestone appears to be an east

ward extension of a thick limestone succession which is exposed along the

Yamuna river near Lakha Mandal.

Tyoically, 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 shades are conspicuous over

the weathered surfaces. The limestones dip 30 to 90^ due N30°E-N60°E and are

thrust over the Dharasu Formation along a sinuous WNW.ESE and E-.W trending

3angaon Thrust (Chapter 3). Near 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 phyllite band':.

2.8 GARHWAL GROUP

2.8-1 INTRODUCTION

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 Stratigrapbic Nomenclature,1961). Covering

approximately half of the mapped area in the northeast,the Garhwal Group

comprises a thick pile of low grade metamorphosed arenaceous and argillo-

calcareous sediments with occurrences of metabasics and an augen mylonite

* Uttarkashi is also known as Barahat
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TAB L E - 2

LITHOLOGICAL CHARACTERS OF THE QUARTZITE FORMATION

Augen mylonites and metabasics along the Singuni and

Dunda-Uttarkashi Thrusts respectively

ROCK UNITS

jPurple and black
!slates.

CHARACTERS

Black and purple,arenaceous,
friable and splintery.

1

Micaceous quartzites. Dark grey,medium grained,mus-
covite flakes visible

Purple quartzites

Quartzites

jSchistose sericite
!quartzites

;Quartz schists

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
coarse grained,schistose,and
lineated

Buff-white,friable,strongly
foliated and lineated.

jConglomeratic schist- Buff-white,friable,rounded
lose sericite quartz- and disc shaped pebbles and
|ites boulders of quartzites in

sericite and quartz rich
schistose groundmass

DISTRIBUTION

Impersistent,occur only
near the contact with

the Dichli Dolomite.

Widespread and predo
minate over the other

rock units

In the immediate

vicinity of the thrust
planes

Near the base of the

Quartzite 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

is 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 QUARTZITE 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:

(i) 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 ,thickly bedded, medium to 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 dorainantly argillaceous quartzites of the Dharasu

Formation is profound and is more apparent when both are in immediate contact

viz.,at milestone 73/2 along the Uttarkashi road. In comparison 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 is even difficult to decipher the bedding due to their massive and jointed

character. The formation lack any argillaceous or vacke beds except near

contact with the Dichli Dolomite, Along the Dichli Gad, quartzites are

ferruginous in character and are 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 conglomeratic 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 40%) of quartzites which

vary in diameter from 3 to 30 cm. These are disc to spheroidal in shape

(Fig. 160) are are embedded in highly schistose quart7 sericite rich ground-

mass(Fig. 159 ).

Close to the Singuni and Uttarkashi Thrusts,the quartzites are
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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 Chaurlkhal 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 inversion. 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'.

(i) 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 asouth

westerly current.

(ii) 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.l40

& 141).

(iii)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.141).

Thickness - The Quartzite Formation occupies wide expanse of the mapped

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 afew 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, (iii) 1200 metres 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 along the Dichli Gad near

longitude 78°22-. The dips are variable between 15-90° in the Nto E, S50°E

to Sand S80°W and N80°W to N60°W 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 SW 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 joints (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 Bar.agadi.Dhanari,
Gamri and Dichli Gads and Jalkur Nadi.

Mesoscooic structures -The quartzites are generally devoid of minor stru

ctures, but develop a prominent schistosity,mica lineation and slickersides
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along the Utt.rV.ashi Thrust between Dhanpur, Foeld and Chaurikhal along
the Uttarkashi-Lambgaon road. The foliation, slickeosides and mica
Uneations are generaiiy inciined at 15-60» i. the northeast and southwest .
oirections and have heen structurally analysed (ChsPter 3). M«t «M
Singuni Thrust in the southern belt, the sohistosity dips 35-60° SW and S60»»
with *c. lineation plunging in the same direction, while the slickensides
plunge towards northeast along the Uttarkashi road.

F^ - kegionally, quartxltes o£ the southern belt are uniformly
dipping in the southwest and west and are devoid of any large scale folds.
These are locally folded in M.-SSE trending axes near WW.***' along

The imoortant R6<PW -S60»E trending fold axis in the northern belt
of quart2ites runs along the Baragadi Gad and Bheglrathi river between
Manpur.Uttarkashi and Matli where it makes asy^trical anticline. The
erosion of the crestal parts of this anticline has exposed the underlying

• .4™, nnrh Hmbs nf the anticline areUttarkashi Formation into a window. Both

plicated into smaller W-SE trending folds (Chapter -3).
Thrusts - It has been noted earlier<P.24 ), the Quartaite Formation

occurs into two seoarate belts and is demarcated by the Singuni,Dunda and
Uttarkashi 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 (Cnapter 41.
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 Utt,rkashi and Dunda Thrusts
(Chanter 3).

2.8-3 DICHLI DOLOMITE

^£_^^£HIIence - 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 Bhagirathi river upto Pirhi Hill (2742 metres) for another 16 km. The

formation is consoicuous 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 intraclastlc dolomites,algal dolomites and dolo-
lutites. The change from the underlying Quartzite Formation is very abrupt

/ though a gradationai zone of about 1 metre is marked with an imper-

sistent arenaceius intraclastlc dolomite. It is immediately succeeded by
oo

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.l64). 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,greyish,transluscent quartz

in a dolomitic cement.

After a thin impersistent dololutite horizon, the intraclastic

dolomites are succeeded by algal dolomites which can be easily identified

in the field by their tyoical mound like vertical columns.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

columns. 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 columnarls

(cf., Fenton and Fenton,1937). Similar forms of Collenia have been described

from the following carbonate sequences of the Lesser Himalaya: Lower Shall

Limestone (Valdiya,1962«,1967,1969), Upper Shall Limestone (Valdiya,1967,1969),

Deoban Limestone of the type area (Valdiya,1969; Misra, 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

Raiulu,1963), Lower Kaladgis (Vishwanathia,Rajulu,and Sathyanarayan,1964;

Ra^ulu 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 sharpconchoidil fractures. The dololu-

tites are sometimes intercalated with purple green slates.

The formation is moderately to high dipping 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 weather to typical elephrnt-skin structure.

The formation is normal in its field occurrence with stromatolitic

laminae pointing downward (Fig.147). It is locally i-verted 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 LIMSSTONE

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 limestones(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 lime stone,characterjsed by dark grey afid

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 kra.NE of

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

The member is 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 between milestones

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

(ii) 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 outcrop between

Khattukhal and Ulya. The limestones dip 30-60° In NE 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 S to W directions. Nevertheless, 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 Khattukhal Anticline (Chapter 3).

2. DHANARI SLATS

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 purole-grey-black slates/^.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

predominant (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 oatch of slates near the milestone 75/3. It conformably overlies the

Khattukhal Limestone member between Painkhal and hill 2228 metres and

narrows considerably 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 directions.

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,(iii) in

stream bed below the bridge at milestone 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 Khattukhal and resembles the underlying limestone member.

The Dhanari Slate member grades to the overlying Dunda Quartzite.

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

(i) 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.

(ii) About 1 km. south of Jakhni along the Dunda-Dang mule track-

purple-buff slates become more arenaceous near the contact and imperceptibly

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

(ill) 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. NNW 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, greenish

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 Uttarkashi 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 than 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 about 40° to the northeast

on Ian average. The quartzites show angular discordance with the overlying

metabasics at manylocalities (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 town of Uttarkashi and occupies lower elevations of the

Bhagirathi valley between Netala and Nakuri.The axeshaped outcrop 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 Uttarkashi Thrust.separates this

formation from the overlying Quartzite Formation. The erosion of the later

has exposed the underlying 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 Bhgirathi 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

between 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-N40°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 a^e poorly exposed on steep

slooes 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 '>aror 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)phyilites

of the Chandpur Formation.
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Mode of occurrence - The Pokhri Slate is exposed into three NW-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 NME

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

(ii) 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.

(iii) The southern most exposure between Mat 11 and Sada runs in N60°W -

S60°E direction along the strike. The slates are either exposed In core of

the Baragadi 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 S-S50°W and N-N20JE 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 tyoical 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:

(i) In the north, the limestone lies on northern limb of the Kot Syhcline

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).

(ii) 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 N6CPW to S30°W.

(5) BARETI QUARTZTTE

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 north 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 domlnantly argillaceous,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 NNW and N30°E between Bareti and Uttarkashi

but even dip 35° in N80°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 (Chaoter 3).

The quartzites are about 250 metres thick near Bareti in the Sialam Gad

section and are well exposed along the Uttarkashi road at milestone 85/0. These

are considerably thick to about 1000 metres in southeast along the Uttarkashi-

Lambgaon road.

Near contacts with the underlying Pokhri Slate member, the quartzites

are rich in slaty or phyllitic intercalations and grade to 50 metres thick

slate horizon between Matll and Jakanri. These comprise greenish grey-purple,

friable, arenaceous slates and phyllites and dip 30° due N-K30°E.

The slates grade to about 200 metres thick earthy brown,arenaceous

limestones between Jugaldi and Bareti. The limestones are exposed in a narrow

sinuous outcrop and oinch 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 Quartzite member are

mainly exoosed on bath limbs 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 quartzitic rocks.

The flaggy,greyish buff, fine grained micaceous quartzites overlie

metabasics. The flaggy quartzites are nearly 150 metres thick. The rocks are
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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 - II MICROSCOPIC CHARACTERS

In this part, the microscopic characters of earlier described litho

stratigraphicai units are dealt with while megascopic features of all rock

tyoes have been described earlier along with the field relations for a compre

hensive account. In order to avoid repitions of very common features,

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

2.9 LALURI FORMATION

2.9-1 LALURI A MEMBER

(i) 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 carbonaceous matter. The accessory minerals

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

(ii) Quartzites - These are medium to coarse grained and predominantly

consist of angular to subrounded interlocking quartz mosaic(957o). A few

rounded grains show secondary overgrowth in optical continuity,while strong

undulose extinction,subparallel vacuole trains,incipient elongation and intra-

as well as inter-granular granulation along a few fractores 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,

(iii) Sandstones - These consist of coarse to very fine sand 6ize(0.85-0.065 mm),

subrounded to rounded quartz grains (50.4%). Most of the sedimentary textures
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like secondary overgrowth,shape,roundness 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 calcite 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 LALURI 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 (1%) as subangular grains and is

albite(An10) 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 indicating their derivation by granulation.

The micaceous flakes sometimes penetrate and replace the detrital quartz. The

accessory minerals are blue and brownish green rounded tourmaline (0.45-

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

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

(il) Purole slates - The purple arenaceous slates are comparatively rich in

fine argillaceous contents and are devoid of coarse rounded quartz.

An increase in metamorohic effects from the Laluri A to C Member is

noticeable and is evidenced by strongly oriented matrix,granulation and

fracturing of quartz grains.

• 2.10 CHANDPUR FORMATION

(i) Phyllites - These comprise thin alternating quartz 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 (83%) 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 undulose extinction. The finer

quartz in the matrix coalesces with the clasts and appears to be a product

of granulation.

Angular to subrounded plagioclase (32), mainly albite,occurs as

fine sand size grains,sometimes with bent .twin lamellae. Some of the plagio

clase grains are profoundly sericltised and fractured. The fractures are

filled with oolygonal quartz mosaic. Long slender muscovite wasps ejdiibiting

higher birefringence than sericite are also aligned parallel to the bedding.

pine, strongly oriented, pale greenish sericite and chlorite flakes (13%)

simulate clast boundaries. These also penetrate clastic quartz and feldspar
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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.

(II) Quartzites - Petrographically, the quartzite beds in the Chandpur Forma

tion resemble with gritty 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 FORMATION

(1) Sericite quartz scMsts - 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

pelitlc 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

pelitlc 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.

(ID 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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MODAL ANALYSIS OF SA

NAGTHAT

MPLES FROM LALURI- CHAf'DPUR-

FORMATIONS

S.No.

1

2
!

1

Formation
&

Member

Sam?le

No

Quartz Feldspar Rock Detrit

Fragments mica
al Matrix(Quartz

+ sericite,
chlorite

Others Total

99.8

)

99.8

Laluri A.

Member

(black sst.

Laluri A

Member(Grey-
ish buff

quartzite)

6/347

6/349

50,7

95.6 -

12.5

3.8

35.6 -

Iron oxide

(Zircon,tourmaline

0.2-

Iron oxide

0.3-

(Tourmaline)

3 Laluri C

Member(gritty
quartzite)

5/115 88.5 0.08 - 11.3
-

i

99.88

4 Nagthat 5/137 89.5 - - 10.5 H.M. present 100.00

5 Nagthat 5/139 40.7 15.3 0.60 0.2
(1.4 -

Quartzite)

42.9 - 99.7

Nagthat 5/107 57.0 present

Location: 6/347 - 0.5 km. NW Laluri on Sarot-Chapra road.
6/349 - Hill 1£49 metres 1 km. NW Kansi.
5/115 - h km. WSW Laluri.
5/137 - At Deosari on left bank of Pali, Gad.
5/139 - 2.5 km. N.Thature on left bank of Pali Gad,
5/107 - At Basul.

30.4

(recrystaWsed
quartz)

12.6

(sericite)

100.00
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the foliation. A few relict rounded clasts are still observed. The grains are

strongly undulose and composite with profound marginal granulation and appear

to have produced much of the polygonal,granoblastlc,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.

(iii) Arkoses - The arkoses mainly comprise 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 grouridmass.

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 como'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

(iii) 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

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

Silkyara and comprise indolently oriented fine grained,brownish micaceous
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MODAL, ANALYSIS OF ARGILLACEOUS QUARTZITES FROM DHARSU FORMATION

S.No. Sample No. Quartz Feldspar Rock fragment Detrital mica Matrix (quartz*
sericite+chlorite)

Others

.2.4

1.5

Total

99.79

99.9

1.6

1.5

0.09

0.6

25.4

57.7

1 5/78 64.5 5.8

2 A/192 37.5 2.4

3 A/286 25.4 2.825.4 2.8 1.4 0.4 68.2 0.20*

1.5**

99.9 1
i

53.3 5.3 - 0.8 39.0 1.0

(H.M.)

99.4

66.9 6.3 -
0.2 26.5 (H.M.) 99,9

38.8 0.92 0.705 -
57.3 2.3

(H.M.)

100.0

77. 8 1.6 0.7 _ 19.6 0.3 100.0

(H.M.)

5

6

5/74

5/63

A/288

A/198

Location: 5/78 1 km. EKE Nala on Sarot-Chapra road.
A/192 - Sampur.
A/286 - 1 km. NE Dharasu,at milestone 3/0 on Dharasu" Rarkot road.
5/74 - 0.75 km. ENE Kansi on Sarot-Chapra road.
5/63 - 1.6 km. 33E Jastwari on Dharasu-Bangaon mule track.
A/288 - 1 km.NNE Dharasu,at milestone 3/1 on Dharasu-Barkot road.
A/198 - Palonj near milestone 68/2 on Uttarkashi road.

* Calcite

** H.M.- heavy minerals
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minerals (sericite and chlorite), subangular to subrounded silt size quartz

and a few fine grained albite (An ).

Rari

In immediate contacts with metabasics at £ these slates exhibit occasion

al development of a few colourless skeletal and randomly oriented rauscovite

porphyroblasts indicative of minor contact metamorphic effects (Fig.211). The

poikiloblast1c muscovite shows numerous quartz Inclusions. Tbe 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.

(ID Phyllites - The rocks comprise alternating phyllitic and quartzose fine

laminae with varying proportion 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.2l3). Minor amount of xenoblastic calcite is also seen in a few

sections.

(iii) Argillaceous quartzites - (Table 4)

(a) Grey-green argillaceous quartzites - These mainly 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 (An,) anc* 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 1%) 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 granoblastlc 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 307 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 important in the purple laminated quartzites:

(i) absence of euhedral magnetite crystals, instead, the laminated varieties

are tyoified by clusters of cherry red hematite (0.15-0.50 mm.) which alter

nate with 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 purole massive argillaceous quartzites,ouartz is less deformed and

is subrounded to subangular with hematite coating (Pig.212 ).The finely

divided hematite pigment is uniformly distributed in the matrix.

The accessory heavy minerals in these argillaceous quartzites include:

(i) 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,pleochroic epidote

in some grey green quartzites and (v) detrital rounded magnetite.
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MODAL ANALYSIS OF jUARTZITES FROM THE QUARTZITE

FORMATION

S.No. Sample No.

1

2

3

4

5

6

7

! 8

i 9
!10

H<*

5/256 *

A/122

6/413

A/160

5/166

5/144

5/161

6/366

5/253

A/119

Quartz

96.5

89.3

98.8

90.9

98.6

91.0

96.6

99.9

97.2

98.4

Matrix

3.3

10.5

1.1

5.90

1.38

8.2

2.3

2.7

1.6

Heavy minerals

present

0.14

3.2

Total

100.0

99.94

99.9

100.0

99.98

90.2

99.9

99.9

99.9

100.0

* 0.2% quartzite rock fragments.

Location: 5/256

a/122

6/413

A/160

5/166

5/144

5/161

6/366

5/253

A/119

Jogat.

Milestone 74/0 on Uttarkashi road

1.5 km. SE Mason.
2 km,ESE Malli on right bank of Dichli Gad.
2 km.E Eoeld on Uttarkashi -Larabgaon road.
0.5 km. N Larabgaon on Uttarkashi-Lambgaon road.
1 km. NE Chaurikhal on Uttarkashi-La-nbgaon road.
2 km. S3E Chaurikhal on Uttarkashi-Limbgaon road.
1 km. S Dichli on Chinyali Jogart mule track.
0.5 km. N Ranari near milestone 80/1 on Uttarkashi road.

TABLE

MODAL ANALYSIS OF INTRACLASTIC DOLOMITES

FROM DICHLI DOLOMITE

S.No. Sample No. Intraclasts Oolites Quartz Quartz
(sand size) (Silt

size)

Sparry
Cement

Total

1 6/44 9.3 - 30.6 13.7

2 A/390 21.9 0.4 17.0 17.8

46.2

42.6

99.8

99.7

Location: 6/44,-A/390 - 1.5 km. ESE Malli,near contact with Quartzite 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,

granoblastlc calcite with numerous unidehtlfiable inclusions.The clacitic

mass is interspersed with a few silt size quartz grains.

2.14 GARHWAL GROUP

2.14-1 QUARTZITE 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 5%) (Table 5 ).

The accessory minerals observed in thin sections of the Quartzite Forma

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

(i) 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 size 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

feebly 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 overgrowths 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 fill the interstices.

(ii) 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(90-100%) 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 (Fig.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 granoblastlc quartz developed mainly due to

granulation. Sericite and chlorite flakes occur as thin films which sometime,

penetrate the grains.

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

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

micaceous sheen 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 which are marked with fine granoblastlc quartz (Fig.204).

Mostly coarser grains survive crushing and at places even secondary over

growths are also preserved. The fine matrix is indolently 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.

(lv) 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 fragmented 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,colour less

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

2.14-2 DICHLI DOLOMITE

(i) 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 represen

tative samples of the intraclastic dolomite.

Quartz - It is an important constituent in lower parts of the dolomite

sequence (28-43%) and decreases in algal varieties. Generally, quartz occurs

as subangular to well rounded grains in two size grades (Fig.206): (i) Coarse

sand size grains (0.81 -0.2 mm.) are subrounded to rounded and vary from
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17 to 30%. Afew grains exhibit secondary overgrowth which can be distinguished

from the core by drop like liquid inclusions. At margins the condary over

growth is 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.

(ii) The finer quartz grains 0.15-0.039 mm.) are subrounded to subangular and

devoid of any secondary overgrowths.

Oolites - The following different types have been recognised in thin

sections:(i) Single ring radial growth over quartz nucleus (Fig.210),

(ii) Single ring radial growth over rounded intraclastic micrite nucleus

(Fig.209), (iii) Single ring radial growth over micrite intraclasts with

angular quartz (Fig.210), (iv) Many rings of radial growth (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 (Fijr.209)

(vi) In addition, oolitic growth has also 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(i),(ii) &

(iii) 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 dinmeter. 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 fcns 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(Figa208,209 & 210).

May a times the penetration ofsparry dolomite in detrital quartz,secondary

overgrowth (Fig,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. Minor amount of limonite coated,euhedral

pyrite is sparingly distributed.

(iii)Dololutitesand calc slates-Ihg dololutitse exhibit alternating micrite

and microspar laminae which,at places.recrystallise to colour less,coarse

spar. A few 6cattered angular,silt size quartz grains are also present in

tes
dolutites. When 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 LIMESTONE - The limestone consists of alternating greyish

micrite and colourless microspar lamirae(about 0.5 ram. 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 comorise calcite rhombs in microcrysta-

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

Near the Singuni Thrust,the slaty limestone is crystalline and exhibits

fine,preferably oriented calcite. At places it Krecrystallises 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

calcite and fine 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 megascopically and microscopically

with this variety of the Khattukhal Limestone.

(2) DHANARI SLATE

Purole arenaceous slates - Generally the rock shows purple,alternating

politic and semipelitic laminae varying in thickness from 0.5 to 2 mm. The

preferably oriented pale greenish sericite-chlorite flakes predominate

in the pelitlc layers while angular to subrounded,medium sand to silt size

(0.20-0.026 mm.) quartz is embedded in a purple hematite groundmass.The

pelitlc layers are disrupted by strain-slip cleavage. At places,the semipeli

tic layers are also deformed to "pinch and swells". The sericite flakes

recrystallise along this cleavage which is normal to bedding near apex but
near

is subparallel to laminae/.limbs of mlcrofolds. Minor amount of disseminated

hematite imparts a purple colour to the slates.

Banded slates - These are exceedingly fine grained rocks with indol

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

rarely intercalated with quartz rich semipelitic layers. The elongated



lS.No. Sample No.

1

2

3

4

5

6

6/489

6/486

6/484

6/478

6/475

6/182

T A B L E - 7

MODAL ANALYSIS OF QUARTZITES FROM THE DUNDA QUARTZITE (DUNDA FORMATICN)

Quart: z

83; 13

80.3

64.5

89.4

50.4

56.6

Rock fragments Feldspar Matrix Detrital mica

1.5

0.1

2.6

1.3

0.03

0.25

0.1

1.3

2.0

0.6

13.58

18.7

33.5

7.7

46.8

38.5

0.1

0.4

2.3

Accessory

Minerals

Total

1.51 99.72

0.3 99.65

0.2 100.09

present 99.8

present 99.9

present 100.0

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(2 siderlte) are also present. Discrete iron

co-ted fracture cleavage is observed in the pelitlc 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 oresents modal analysis of a few representative samoles from

the Dunda Quartzite.

(1) Quartzites- These quartzites are minor In occurrence and are quartz rich

( 89%), with minor amount of rock fragments (1.3%) in a silica and sericite

matrix (7.7%).

Though resembling microscopically with arenaceous rocks of the Quartzite

Formation,these also comprise a few rounded quartzite,chert and ohyllite 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 comprises hematite,brown and green rounded tourmaline (0.16 -0.078 mm.)

and colourless and brown rounded zircon (0.078 - 0-052 mm.).

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

chiefly comprises angular to subangular,medium sand to fine silt(0.14-0.026 ram)
80%

size quartz(50-£) which exhibits strong unduloseextinction. The grains are

elongated and exhibit " profound 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(i3-46%)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 sometimes arranged in streaks.

(*ii) Arenaceous slates -Petrographically,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

granoblastlc and recrystallised quartzitic groundmass. Like the Quartzite

Formation these lack feldspars,detrital mica and rock fragments.

In black ohyllites,the pelitic laminae are rich in fine sand size(0,10-

0.04 mm.) quartz while semipelitic laminae comprise medium sand to coarse silt

aize (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 tourmallne(0.10-0.04 mm.).

(2> LOWER UTTARKASHI LIMESTONE -The limestone is made up of greyish,turbid,

medium grained,recrystallised,interlocking and preferably oriented calcite

(0.35-0.22 mm.) along poorly developed foliation. Minor amount of chert fill

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.OSmm.).The identifiable accessory minerals are zircon and tourmaline.

The quartz sericite schists comprise fine nematoblastic sericite and

chlorite flakes in a fine grained granoblastlc quartz mosaic without any

relict detrital grain.

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

(i) fine grained (0.08-0.03 ram.) preferably oriented greyish interlocking grains

along indolently developed foliation(Fig.219> and (ii) coarse,colourless,

granoblastlc patches of recrystallised calcite. Minor amount of sericite is

oriented along ill defined foliations.

(5) BARETI QUARTZITE

(i) Schistose feldspathic quartzites - The rocks ma::nly comprise detrital

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

te,chlorite and ouartz.

The detrital quartz occurs as (i ) subangular to subrounded grains varying

in size from 0.17 to 0.05 mm. and (ii) a few well rounded coarse grains (0,65-

0.45 mm.) embedded In the finer detrital grains. The rounded grains occasionally

show normal and abraded secondary overgrowths with undulose extinction. A

few grains of feldspar (0.13-0.065 mm.), orthoclase and albite(An,), are

randomly distributed (Fig.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 granoblastlc,fine grained quartz. The latter coalesces

with the detrital grains and apoear to uave been evolved by granulation.

The accessories are euhedral pyrite; apatite; brown,green,blue and

colourless tourmaline(0.14-0,052 mm.) and brown,colour less,prismatic and rounded

zircon (0114-0.028 mm.).

(li) Flag8y quartzites - These comprise scattered rounded to subrounded,medium
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sand to silt size(0.l8 -0.06 mm.) quartz with a few turbid orthoclase and

albite(An4) grains. The detrital grains are embedded in strongly oriented

matrix of sericite,muscovite and granoblastic quartz.

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

Pokhri Slate(p.55 ) and contain many silt size(0.078 - 0.052 mm.)angular quartz
grains in a sericite rich matrix.

(iv) Arenaceous and argillaceous limestones - The rocks largely comprise

subangular to subrounded,medium sand to silt size(0.28 - 0.032 mm.) quartz

and preferably oriented sericite flakes in granoblastic clacite groundmass.

Some of the quartz grains are strongly undulose and are marginally replaced
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 pyrite,zircon and rounded brown tourmaline.

(v) Metabasics - In thin sections,the metabasics are fine grained rocks

comprising essentially fibrous horrtblende and chlorite with minor amount of

biotite,eoidote,calcite and quartz. The accessory minerals are ilmenite,

sphene and apatite. The petrographic characters resemble other metabasics

and have been described in Chapter 5.



CHAPT ER-3

IT-LSL^LU R.E AND TECTONICS

3.1 INTRODUCTION

The present area is ideally suitable for the structural and strati

graphical studies across a section of the Lesser Himalaya in Garhwal since

it incorporates the Deoban-Tejam 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 have been established as a result of the detailed

geological mapping. In order to decipher the relations between thrusting

and folding of the rocks, a oart of the region around Uttarkashi has been

structurally analysed with the help of contour diagrams.

The structural end tectonic setup of the present area is illustrated

with many geological sections and is compared with the Shall-Chakrata-

Plthoragarh 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 A
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.



TABLE 8

CHARACTERISTICS OF S DIAGR .MSiLALURI-DJLJUSU C-I JIDiPU.uNAOTHAT FORMATIONS

Fig.
No.

Sector No.of

No. poles
Contour values

(%) and height
of maxima(%)

8 2

9 3

10 4

11 5

12 6

13 7

14 8

15 9

16 10

17 11

78 1.3-4-7-10-13

(13)

100 1.0-3-5-7-9(9)

107 0.9-5-9-13-16(16)

195 1-2-4-7-10(10)

554 0.5-1-1.5-4-9-18
(ID

140 0.7-2-6-9-12(12)

100 1-3-5-7-9 (9)

200 0.5-2-5-10-13(13)

19 5-10=15-20(20)

185 0.5-2-4-6-8(8)

75 1.3-6-16-20-26
(26)

Plunge &
bearing of
maxima

30°/N180°

48°!fN212°

60°/N233"

60°/N23P°

60 /N35°

60°/N45°

50° /N100°

23°/N78°

44°/N78°

22°/N50°

30°/N70°

Strike and dip of average
S corresponding to maxima

Strike

N90°-N270°

N122°-N302°

N143°-N323°

N148°-N328°

N125°-N305°

N136°-N316°

N10°-N190°

Nl68°-N348° |
i

N168°-N348° !

N140°-N320° \
N160"-N240° i

Dip amo
unt

Dip Dire
ction.

1

60° N

42° N32°

30° N53°

30° N5P°

30° N215°

40° N226°

40° N280°

67° N258°

46° N238°

68°

60°

N230°

N250°

Strike of

Circle

N102°-N282°

Nl08r-N288"

N52°-N232°

N48"-N228°

N36"-N216°

N60c-N240°

NP°-N188°

N65°-N245°

H52° -N232°

Amount of

Dip

32°

50°

9^"

84^'

90°

80°

50°

50°

80°

Dip Dire
ction .

N192''

N198°

N318°

F330°

N98°

N155°

N322"
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(1) Folds in Laluri-Chandpur-Naethat-Dharasu Formations

The geometry of the folds in these formations has been worked out with

the help of 1633 observations on the bedding planes. Accordingly the outcrop

of these formations has been divided into 11 sectors and the poles to
Table 8

bedding planes(Sj_) have been contoured on a Schmidt equal area net (Map 3 I)

(i) Deosari Syncline - In the southwestern region, the Nagthat Formation

makes noivplunging syncline which is named as the Deosari Syncline. Lying on

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

BhaJ and trends N 125°-N 305° (Sector 5). The syncline is slightly asymme

trical towards the northeast with 30° s35°> and 20° N35°E dipping northern
of

and southern limbs respectivelyC Fig. 11). in core /syncline, the formation

gently dips to 10 - 15° in NE and SW.

The Laluri and Chandpur Formations make the northern limb of the Deosari

Syncline but the former is missing on its southern limb due to presence

of the Aglar Thrust. Along left bank of the Aglar N*di, the southwesterly

dipoing Chandpur Formation indicates the possibility of a concealed anticline

beneath the Nagthat Formation (Fig,52)

(ii) Nagon Anticline - The southernmost of the four large scale folds

in the Dharasu Formation is the Nagon Anticline in immediate vicinity

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

Laluri for about 10 km. along right bank of the Nagon Gad. The axis of this

anticline is truncated by the Tons Thrust near Kansi and seems to be concealed

beneath the thrust near Bheti.

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

symmetrical structure with 30° S38°W and 30° N58°E dipping southern and
(Fig.10)

northern limbs respectively and plunges 6° N138°/_ . It is characterised by

many small asymmetrical folds marked with fan shaped axial plane cleavages

in varying directions between 35-85° Ni4°E to S34°E (Fig. 149).
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(Iii) Daski Syncline -The Dharasu Formation has been folded into awide

Daski Syncline which runs for at least 20 km. along southwestern 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 limbs dipping 60° in the N and WNW(?<gs.7r17)(Sectors 1 and 11).

The southwestern limb dips steeply near Bangaon(Fig,7) than in sectors

2and 3near Jastwari and Katkhet (Figs. 8&9).Regionally, this limb dips

gently than the northeastern limb which averages 67° in sector 9, 40° in

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

The syncline is asymmetrical towards northeast along the Bhagirathi

river between Dharasu and Bheti due to the steepening of rocks to 60-80°

on the northeastern limb. Near Bheti, the syncline appears to die out due

to concealment of the southwestern limb beneath the Tens 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 southwestern and gently

dipping northeastern limbs. The axis of the anticline runs for at least 14 km.

and trends from N 15°W -S 15°E to N,-SE.It plunges 10° N158° in sector 6(Fig.l2)
on

and trends more northerly in sector 8(Fig. 14)/ Uttarkashi road. In this

sector, the anticline plunges 40° N335° and thus appears to be a doubly

plunging structure.lt is asymmetrical towards the northeast. The axis of

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

In asinuous course and cuts an anticlinal valley from Chunyali to Chhara.

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

Malli Anticline and Dharasu Thrust near Rauntal.lt trends Nl0°W - S10QE

with anorthwesterly plunge. The rocks are steeply dipping to 50-60° on its

northeastern limb. The structure is asymmetrical towards the northeast and

Is cut off by the Dharasu Thrust in southeast at Malli.



61

(°-) Folds in Garhwal Group

In the type area of Uttarkashi, the Garhwal Group rocks are exposed into

abroad anticlinal structured^ 4). .The axis of this anticline passes

through Baun-Uttarkashi-Sada running for 20 km.near Baragadi Anticline.On

t*e northern limb of this anticline, the Quartzite Formation dips 20 -50°

towards northeast between Hinna and Sainj and ls overlain by the Central

Crystalline Zone along the Main Central Thrust. The southern limb of this

anticline mainly exposes southwesterly dipping quartzites of the southern

belt which dio at 40-70° beneath the Dharasu formation.

(i) Khattukhal Anticline -The Dunda Formation is exposed into amajor
anticline which is partly concealed beneath the Dunda and Singuni Thrusts on

its northern and southern limbs respectively. The axis of this Khattukhal

Anticline runs along the left bank of the Dhanari Gad where the oldest

Khattukhal Limestone member is exposed in its core. The NW.SE trending

anticline aopears to die out or/concealed beneath the Singuni Thrust near
Painkhal.

The anticline is symmetrical with 30-35° dipping limbs outturns 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 fMip 7). The axis is

truncated by the thrust .1km. south of Khattukhal. The narrow northeasterly

dipoing limestones on the right bank of the Khattukhal stream(p..32) repre

sent only apart of the northern limb 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) dips 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 northern 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 Dhanari Slate member along the Dhanari Gad. The folds are symmetrical

in character and are confined only to the slates.

(ii> Baragadi Anticline- The Uttarkashi and Quartzite Formations have

been broadly folded along three NW.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 is sinuous in N 75° W -S 75CE 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 asymmetrical

towards northeast near Pokhri due to steepening of southern limb

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 north

ed
west between Malt i-and Baun the anticline is conceal" beneath the southwester

ly dipoing metabasics while the Uttarkashi Formation, is exoosed on Its

northern limb between Dilsod and Jugaldi.

(iii) 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 Bareti Quartzite member in its core. The syncline

plunges towards southeast with gentle dipping limbs to 10-30° in NE

and SW. it runs for at least 4 km in the Uttarkashi Formation. Locally the

syncline appears to be recumbent in character near Kot where the rocks

dip 12-40° NNE at .higher points and 20-30°. WSW at lower elevations.

The sinuous thrust zone with metabasics and overlying Quartzite Formation

outcrops between Manpur-Saror in the southeast and Gangori-Jugaldi in the

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



(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 Gangori 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 are generally dissected by streams flowing along the fold

axes. These are marked with the opposite dipping foliation planes at . about

20° in the NW -SE and E-W directions in the metabasics (Map3 ). Near Giunla,

the metabasics are folded in an arcuate anticline.The thick ned raetabasic

exposure is possibly due to the overturning of the thru6t zone towards the

northeast,while the upoer contact of these metabasics dips to the southwest

at about 30-40° (Fig. 58,Sg_7).

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 noi-theast and is characterised by northeasterly dipping strain-

slip cleavage(p.77) at 30-50°.

Besides this, a NW-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 Upoer 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 between Dilsod and Sada for about 8km. along the Baragadi Gad

and Bhagirathi river which are characterised by atypical wide U-shaped
valley.

(2) Kot Fault - It lies north of Uttarkashi where the Upper Uttarkashi

Limestone member at Tekhla is not repeated on southern limb of the Kot

Syncline. The fault runs along the contact of quartzites and raetaba-

sics(Bareti Quartzite member). The downthrow along the Baragadi and Kot Faults

has caused the absence of the Upoer Uttarkashi Limestone exoosure in

region between these faults(Fig. 58). The 4 km. long Kot Fault also displa

ces the metabasic thrust zone by about 0.5 km.near hill 2133 metres(Map 3).

(3) Shyalna Fault- The Dharasu Formation is separated 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 planes. On the Darasu-Rarkot

road between milestones 13/0 and 14/0, the Dharasu Formation dips gently

(15-20°) in the NE while the overlying limestones arc dipping vertically or

at very high angles in the NE and ENE (Fig.133). The steep limestone escarp

ment along left bank of the Khurmola Gad also indicates presence of this

fault.

3.2-3 THRUSTS

In the area, the most important structural features are a number of

thrust faults which have complicated the stratigraphical relationships

because these thrusts delimit formation boundaries. In these pages the

thrusts have been discussed from south to north.

(1) -\glar 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° due S-S50°W between Thaturu and Bhawan

Devi whereas the overlying Nagthat Formation dips at 20-60° due N 20-50°E on

the right bank of the nadi (FigS.52 & 53), .Such an unusual relationship

between the two formations can be explained only by adislocation plane,

hereafter called as the Aglar Thrust which has been previously mapped as a

fault along the nadi by Auden(1934 a). The following evidences favour the

presence of the thrust:

(i) Opoosite dipping Chandpur and Nagthat Formations along two banks of
the Aglar Nadi.

(ii) Discordance of about 15° in the strike of the Chandpur and Nagthat

Formations along the Aglar. ' •.

(iii) A U-shaped valley of the Aglar Nadi - a characteristic feature of some

of streams along the dislocation planes in the region,

The Aglar Thrust runs in the WNW - ESE direction for at least 6 km.

along stream course which is controlled by this thrust.

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

of the Nagthat Formation is marked with an approximately 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

phosed ohyllites of the Chandpur Formation which lies against this crushed

zone of the Nagthats. These cataclastic effects can be observed even at

800 metres in the direction of dip along the Dhanaulti road where quart

zites still display a schistosity. The following features strongly indicate

the presence of the thrust:

(i) An abrupt increase in the metamorphic effects in the Nagthat Formation,

(ii) The presence of an extremely friable and powderad crushed zone at

contact between the Nagthat and Chandpur Formation.

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

Formation towell bedded quartzites of the Nagthat Formation.



66

The above characters are well marked along base of the Nagthat Formation

at Basul,Kot and at a olace 2.5 km. southwest of Laluri. Map 3 and

synoptic S-^ (p'oles to the bedding planes)dlagram drawn for the Nagthat

Chandpur and Laluri Formations(Fig.11, Sector 5) reveals that these dip 30°

due S 35°W on an average and do not show any angular discordance between them.

Therefore, it is evident that the Basul Thrust is essentially a bedding thrust

and dios approximately 30° S40°W. it 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 schlsts(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 in

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

Kandi for about 50 km. in WNW-ESE direction and is an important structural

feature in the Garhwal 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 Thrust;

(i) Truncation of the Nagon Anticlinal axis between Nala and Kansi.

(ii) Concealment or truncation of the southwestern limbs of the Daski

Syncline and the Nagon Anticline near Bheti by the Tons Thrust (Fig. 54)#



(iii) Non-repetition of the Laluri Formation on the northern limb of the Nagon

Anticline (Figs.52 to 55).

(iv)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 N 55°W -S 55°E while the Dharasu Forma

tion trends N 32°W -S 32°E in the immediate vicinity of the thrust. The ^S

diagrams for the two formations indicate a difference of 23° between

strikes(Mao 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.

(&) 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 a small area around Bangaon

yet it appears to extend westward along the Yamuna river as a fault

(Dhoundial and AH, 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 3angaon Thrust:

(i) A change in the regional N 40°W - S 40°E and 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).

(ii) Presence of WSW-ENE trending cross folds parallel to the thrust front

in a narrow zone of the Dharasu Formation near Pujargaon.

(iii) 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 minerals in

the .iBetngaon Limestone near the thrust plane. Away from the thrust zone,

limestones 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 - at 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 the Dharasu Thrust after the village Dharasu. It is characterised by a

sinuous course in NW-SE, N-S, and NNE-SSW between Khalsi and the hill

2208 metres but trends NNW.S3E between Soman and Giunoti. On a regional scale,

it dios towards West and southwest. The following field observations support

the thrust:

(i) 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 olunging chevron folds(Fig. 4 ).

(ii) Truncation of the Bharkot Syncline axis near Malli (Map 4),

(iii) Abutment of gently dipping (NE and ENE)Dharasu Formation against

the highly dioping (60°-80°, westerly and southwesterly)Dlch11 Dolomite

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

(iv) An abrupt change of the lithological association - the Quartzite

Formation comorising 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 metamorphlsm 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 northwest to Gangani along the Yamuna

river and separates metabasics and the Dharasu Forma i^n- from the underlying

Dunda Formation (Map. 11). This has resulted in olnching out of dull green

slates of the Dharasu Formation in the northwest. The Dharasu Thrust also

conceals the Quartzite Formation of the southern bel;: and Singuni Thrust.

Further in northwest, closure of the Garhwal Group outcrop around Banchangaon

(cf.,Auden, 1949"> imolles possible concealmentof the Dharasu Thrust beneath

Main Central Thrust.

The Dharasu Thrust is considered here synonymous with the Nalupani Fault

of Dhoundial and AIKI957) and the 'maior tectonic unit' of Auden (1938).

According to Auden (Map io>, this unit passes from Giunoti (in the present

area) to 30° 24':78°32' near Pirhi Hill,30°14': 78°40' near Srinagar across

the Alaknanda river to Tilkannikhal where it bounds the 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 Formation along a NW-SE and NNW-SSE trending and

southerly dipping dislocation plane - the Singuni Thrust. The following field

relations are noteworthy (Map 6):

(i) Truncation of the Dhanari Slate member on *:he southwestern limb of

the Khattukhal Anticline between 3agyalgaon and Khattukhal except for a small

patch of the slates at milestone 75/4 along ';he Uttarkashi road . ....
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(ii) Truncation of the Khattukhal Anticline axis in the northwest near

Khattukhal village.

(iii) Concealment of the Khattukhal Limestone member on the southwestern

limb of the anticline between Khattukhal and Ulya. Further northwest, the

thrust also cuts the northeastern limb(Fig. 59,Sg- %]).

(iv) 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 Giunoti -friable

drab green and purple Dhanari Slate member dips 20°E and is overlain by

southwesterly dipping schistose sericite quartzites of the Quartzite Forma

tion. Similar relations have also been noted at locality 30°40' :78°17'52"

1.25 km. north of Sartali (Fig.59 , S12- S14).

(b) 0.75 km. east of Ulya - the overlying southwesterly 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 350°W

(Fig.59,S8-Sn).

(c) 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 leastupto 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.

(ix) An increase of metamorphic effects in the Quartzite 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 is conspicuous by about

100-800 metres thick metabasic rocks. The thrust zcne is defined by the

northeasterly dipping metabasics which separate the southwesterly and

highly dipping Quartzite Formation from the Dunda Formation. The following

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

(I) Continuous occurrence of metabasic rocksalong tie structurally discordant

formation boundaries - a characteristic featu-e of many thrusts in

Garhwal and Kumaon regions. On a regional scale, while the overlying Quartzite

Formation dips towards southwest, the Dunda Formation generally dips in

northeast.

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

to -netabasic 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,S2)-

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 Quartzite.

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 road - the contact is distinctly

abnormal. Here raetabasics 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 inverted towards the north and

twisted (Fig.153).

(d) At Odalak - The metabasics dip at 40° N65°E while the Dunda Quartzite

member is relatively steeply dippingCMap 7,S )

(6) 0.5 km. east of Koti - the underlying quartzites dip at 75° S while

metabasics are gently inclined to 45c N30°E.

(iii) Opposite dipping 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 overlying quartzite dip 30° S80°W

near the contact (Fig. 59,S^).

(b) At Jakhni - the metabasics dip 30° N20°E whereas the Quartzite formation

is inclined at 60 - 70° S50°W (Map 7, S2).

(c) Near Bhinoti - the auartzites dip 50° S30°w and overlie the well foliated

raetabasics which gently dip towards northeast (Map 7).

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

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

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 dipoing metabasics possibly extend beneath the SW inclined Quartzite

Formation (Map 11). The thrust passes through the hill 2288 matres, Jakhni,

Dunda, Odalak,Koti and coalesces with Singuni Thrust in the southeast possibly

near Dingaon. It extends for at least 35 km,

(8) Uttarkashi Thrust - Like the southern Quartdte 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 raetabasics along the thrust zone. The following field characters support

the oresence 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. NW of Pata,Gangori village,along the Uttarkashi - Dodhi Tal

road, Hinna,Mandon,and Sada where the thrust zone runs obliquely to

different members of the Uttarkashi Formation.

(ii) 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-S ).

(iii) 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 of

metabasic zone with quartzites runs almost N-S while these dip 35°SW and

65° S30°'T respectively(Map "3).
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(b) 1 km. south of Baireti 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- S6_y). Here the contact is also marked with

nearly 100 metres wide intensely crushed zone in the quartzites.

(c) 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,58 - S2). Also at the contact, quartzites

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

(d) At a place nearly 1.5 km. north of ?oeld on the road - the raetabasics

dip 15 -20 ° NE whereas the overlying quartzites are dipping at 50 -70° In

same direction (Fig.58-3^. 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 prominent lineation all along the thrust contact between

Sada,Dhanpur,Sankrona and Chaurikhal (Fig,l6l).In the Uttarkashi and Quartzite

Formations these effects are more prominent where the metabasic zones is

either absent or thinly developed e.g. at Kinna, 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 Iwain and

Manpur. After a sharp turn at Dhanpur and Sankrona, the zone trends NW.SE

further southeast.
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In the south, the Uttarkashi Thrust dips southwest at about 20-30° on

an average between Sada and Dilsod but like the northern trace, it

dips towards northeast between Mat 11 and Baun, thus indicating an overturn

ing in the NE (Fig.58-S7_g). From a look at the map (Map 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 Yarauna river at Puiargaon and is

characterised by similar anticlinal structure as along the Bhagirathi river

(Map H). The lower trace of the thrust zone forms a closure near Sada

but Upoer 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 THEIR ANALYSTS

3.3-1 INTRODUCTION

The minor structures in the various rock types have been studied

fromsouthern and southeastern region around Uttarkashi. This particular

region has been selected because of good development of the minor structures

along the Uttarkashi road upto Bareti and Uttarkashi -Lambgaon road section

upto Chaurikhal.

The various olanar and linear structural elements like the bedding planes,

foliations and liBeations have been critically studied and mapped in the I

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 collowing three tectonic

zones(also refer pp. 94-97):
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(i) An autochthonous zone of the Uttarkashi Formation which is exposed

in a window. In the defined limit of the selected area, the uppermost Bareti

Quartzite member is folded into the Baragadi Anticline and is faulted along

its crest.

(ii) Uttarkashi Thrust zone with the metabasics.

(iii) The allochthonous Quartzite Formation of tr.e 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 STRUCTURAL ELEMENTS

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

(S. planes) are bedding planes (S^),foliation or schistosity (S^) and

strain-slip cleavage(So).The rocks are better jointed in the allochthon but

the systematic ioint analysis could be carried out only at a few localities

where the accessibility is easy in this zone.

(I) Bedding olanes (S,) - The primary lithological and compositional layering

formed during the deposition of the sediments ia designated as bedding planes

(Sj). In the autochthonous zone,it is defined by alternating pelitlc and

semipelitic layers,colour and grain size variations. The regional strike of

S1 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.

While S^ 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.

(ii) Foliation (schistosity) (S2)- The most promino.it secondary planar

structure in all the zones is the foliation(S2). In the autochthonous zone.it is

defined by preferably oriented quartz grains and seridte-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 oreferably 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.

<«i> Strain-slip cleavage (S3) - It ls perceptible only ln £ ^^^ ^
is considered here as S3. It is defined by (i) closely spaced discontinuous
fine slip planes C^g.lg >, (ii) axial plane ^ ^ ^. ^ ^^ &̂
and minor asymmetrical folds on S, (Fig. i9).In thlr sections> the shafp
flexuring of the earlier S, planes has rotated flaky chlorite along the newly
developed planes of recrystallisation (Fig.232). 83 dips consistently 30° due
N30°E on an average.

Though the strain-slip cleavage is generally defined by refolding of
an earlier cleavage or schistosity on a small scale, it is 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 crenulati6n cleavage (Rickard,1962) and microlithons(De Sitter,1956).
Turner and Weiss(1963) described these new slip surfaces as follows:" The
surfaces of slips i.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 recrystallisation of mica so that ultimately the
strain-slip cleavage evolves into a foliation". However, BadgleyCop.cit.,p.285)
maintains that in certain cases these are certainly discrete fractures with
minor slip movements along the planes,

(iv) 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 ln the quartzites are sharp and straight but a few major joints
extend for about 20 metres. These are open and gaping due to tension.
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CHARACTERISTICS OF ORIENTATION OF JOINT PLANES

Fig.No. Location No.of poles Contour values Maxima Bearing
(%) plunge

Strike and dip of average joint planes
corresponding to maxima

Strike Amount of dip dip direction

52° N58° N148°-N328" 38°20 . Northern limb

of syncline in
quartzites
(Dhanpur)

69 1.5-3-4-6-7

21 Southern limb 297 0.3-1-2-3-4

of the syncline -

(Foe Id)

22 SW dipping quart
zites (milestones

73/2 -74/4)

140 0.7-2-4-5-6

60° N48° N138°-N318° 30°

12° N130° N40° -N220° 78°

38° N50° N140°-N320° 52°

40° N210° N120°-N300° 50°

N238"

N228f

N310°

N230"

N30°
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The ^-diagrams of the joint planes show one or two maxima with many
&21

submaxiraa arranged in a circular girdle(Figs.20/^). 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 analysis along the Uttarkashi road between

milestones 73/2 and 74/4 reveals only dip, strike and bedding joints

(Fig«.22 & 24 ).The NE dipoing strike ioints 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 -

(I) Mineral lineation on S2 (Lj^) -This is marked by dimensional elongation

of quartz and sericite mica along S„ planes in autochthonous and alloch-
162

thonous zones(Figs, 161-/_),L- is continuous throughout the rock and is pene

trative in comparison to the superficial slickensides on joint planes.

Mica lineationsvary in intensity depending upon the nearness to the thrust

zone, competency of rocks and other local conditions. It plunges towards NE

at low angles (0 -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 appear to be 'a' lineation in the direction of tectonic transport,

(ii) Slickensides and groovings (L2) - These are generally confined to

joint planes of the rocks from allochthon and autochthon.The field rela

tions with other planar and linear structures show that the L, plunges

opposite to Sl5 S2 and L^. At places,it is not differentiable from L due

to overlapping,though in general, it appears to have formed later than L..

The L2 plunges 5-60° NE and SW and generally trends normal to the thrust

zone and fold axes in the 'a' direction.
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selective and synaptic tr sjv s ,.&lineation c1
of uttarkashi window zone

Fig. Sect- No.of Contour Orientation j Dip k Strike
No. or No. lead- value & of S maxi- | of S

ings height of ma

27

29

31

33

maxima

21 5-15-20- 70VN180"'

25(25%)

83 1.2-5-10- 56C/N264°

15-17(17%)

71 1.4-4-10 50/N225°
14-20(20%)

175 0.5-3-5- 50°/N258c
8-11(11%)

Strike

N90° -

N2700

N174°-

N354°

N135"1-

N315'

N168°-

N348°

1

Dip &
Directon

20'7 NO-

34'7N84:

40°/N45°

40°/N78

* Micalineation (L,)plunges 0-25°/N-N45°
slickensides (L2> plunge 2-23°/N5°-N40°

** L plunges 5-25°/N340°-N45°

*** (Fig.35) - L- (36%) plunges 10°/N22°.
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36

37

39

40

41

Sect- j
or No[

4

5

TABLE -10A

SELECTIVE AND SYNOPTIC ^ S2, IT S^ AND LINEATION CHARACTERS

OF UTTARKASHI THRUST ZONE

IT S,

No.of Contour val- Orientation

read- ue & height of S? ma-
ing. of maxima xima.

Dip & Strike of S
Strike Dip dire

ction

30-7N310

33°/N218°

20^/M225°

38

37

47

58

32

60° /N 210°

57°/N38°

70°/N45°

T
3-9-15-21-

2 7- 33% (33%)

3-9-15-21-

27(27%)

2-6-8-13-

15(15%)

j N120°-
j N300°
! N128°-
• N308°

I N135°-
j N315°

1.7-5-9-12- (i)52°/N90°

15(15%) (ii)70°/N240°

N-N180°

N 30-.

N210°

N118-

N298°
3-6-12-19- 50°/N28°

25(25%)

38°/N270°

20°/N320°

40°/N208'

V S,

No.of Dio & dire-

read- ction

ings

23

12

30

3 6°-76°/

N37-N93°

18-62'7

N5-N820

K15-70°/

N354-N680

36-75n/

N38-N93

28-46°/

N358-N420

I No.of
I
1 read-

: ings.

I

25

6

15

31

165 0.6-3-6- (i)54"/N35°

9-11(11%) (li)58o/N2i2°
| N125°-
| N305"

I N122-

| N302°

81

Fic»

43

36°/N215" ; 79 S-dios 30°/
j(Fig. 42) N32° and strikes

N122-N302°corre-

j soondiDg to ma
ximum 13%.Cont

our valuesl.3-

4-8-12-13% I

28'7N32°

Microcorrugation JL )

Plunge

0-30°/N305° to N19°

8-36°/N115 to N146° &

N28 to N348°

0-66°/N215 to N328°

5-34°/N279 to N354°

4-l4°/N315 to 322°

Maximum(10%) plunges 20°/N3l4°
Contour values 1-4-5-'-10%
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SELECTIVE aND SYNOPTIC S^ S2 AMD LIHSATIOM CHARACTERISTICS OF ALLOCHTHOl S
QUARTZITE FORMATION ZONES

jFig.No. Sector
No. Lineation

44

45

46

47

48

9

10

11

12

| No.of Dip and strike of S.
' Readings

4 26-45°/N202-N2320

7 16-72° /I-42-N68°

45

v59

28-90°/N240-N1950
and N32-N92°

40-50°/N185-N254°

4

60C7N66° on an average:
corresponding to maxi<- :
mum (17%) j
Contour values 1.7-3-
14- 17%

No. of

Readi

ngs.

Dip and strike of S,

16 26-52 7N135 -N184°

35 18-60°/N48 -N1160
(30°/NE on an average)

* 8-70°/N305-N60°

62

(Fig.
49)

15-44°/Nl80°-N238r

30°/N74° on an average
corresponding to maxi
mum (12%).

Contour values 1.6-
4-8-11-12%.

Ll plunges 10-58° b -tweer N188"-N225°

hl plunges 26-74° btween N204">-N304n
L2 plunges 0 -44° between N26~-N64°

L plunges 15-30°/N228-N246" and
N45-N650

L2 plunges 4-72°/N198-N270°

Lx plunges 24-51° between N46°-N78"
L2 plunges 40-70° between N195°-N255°.

L plunges 30/N60° on an average
(Fig.50).

L2 plunges 4-70°/N216-N240°(Fig.5l)
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(1±1) Mlcrocorrugation or minor pnrW.M.^) -These are confined to meta
basics of the thrust zone. The Lj is generally formed by (i) corrugation of

the S2 surfaces due to minor slip movements along the S3 planes (Figs.25,171
&173). (ii) silica readings and minor fold axes on S2 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 ir S^ ir S,v Sy L^ and L3 diagrams (Tables 10,10A
8.11). As will be noted, the emphasis has been laid onT pole diagrams since

it has been found that 0-diagrams are unreliable in areas of inhomogeneous fo
folding (Ramsay,1964).

<D Autochthonous gone- The three sectors of the autochthonous zone

incorporate the northern limb of the Baragadi Anticline along right banks of

the 3hagirathi river and Baragadi Gad and comprise uppermost Bareti Quartzite
member of the Uttarkashi Formation.

-•ector l - lt covers the Uttarkashi road section between Bareti and

Uttarkashi and includes thickly bedded micaceous quartzites.

The fSj diagram(Fig.27) shows awell defined maximum(25%) in south.The

The bedding olanes Sj 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 incomplete elongated girdle. The S2 planes strike N304° and N335° and

dip 55° and 48° respectively towards NE. Though S% strikes parallel
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to the trend of the Baragadi Anticline fold axis in this sector S£ is
inclined at about 45° to it but parallels the NW.SE thrust front in the region.

Sector 2 " Tt Incorporates a part of the Uttarkashi-Larabgaon road between

Uttarkashi and Dobha and consists of thinly alternating quartzites,slates and

phyllites of the Bareti Quartzite member.

The irSx diagram (Fig.29 )shows a single maximura(17%) with an incomplete

girdle. The Sj planes dip 34° N84°. Unlike the sector 1, the strike of S

planes is oblique to the NW-SE trending anticlinal axis in this sector by

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

In the -rrS2 diagram (Fig.30 ), the S2 planes dip 30° N90°. Like the

$x foliation also parallels the Uttarkashi Thrust zone in this sector. The

prominent mica lineation Lx 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 SW at low angles possibly representing minor

interplanar slip movements along the shear planes (Fig. 30).It is significant

to note that Lj and L2 are oriented normally to the regional NW-SE Uttarkashi

Thrust in the 'a' direction of tectonic transport.

Sector 3 - It mainly includes the Uttarkashi-Larabgaon 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 ttS

planes strike Nl35°-N315° and dip 40° N45°. The 7^ diagram (Fig.31 )• includes
prominent maximum(24%) and two submaxima (167) in the south western quadrant.

The S2 planes dip 28° N90°.

In this sector Lx 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 yS diagram

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

western quadrant ' with an incomplete girdle. The S planes strike

OBtTKAL UIXiM&mv^&ITy OF ROORKL
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N168° .N348° and dip 40° N78°.The synoptic tt S2 diagram(Fig. 34 )gives awell

defined raaXiraum(16%) and a subraaximum(12%) in the southwestern quadrant and

form an incomplete girdle. Accordingly,the S2 planes dip 23° N85° and 40°

N46° respectively.

The synoptic Lj diagram (Fig.35) shows amaximum (36%) which plunges
10° N22°.

From the comparative •study of the selective,synoptic diagrams and

structural map of the autochthonous zone,certain broad conclusions regarding

tectonic movements can be drawn:

(i) The S2 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 Sx and S2 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 synooticTrSj^ and rS2 diagrams.

(iii) The foliation S2 appears possibly to have been evolved by inter-

grarilar 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 forced parallel to the thrust

plane during the thrusting process".

(iv) The orientation of mineral lineation L on S planes is normal to

the regional NW-SE trend of the Uttarkashi Thrust.Earagadi Anticline and

Uttarkashi Formation and indicates >a< direction of tectonic movement.lt

Is noteworthy that minor recumbent fold axes,mineral llneations 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 Vash1,1966).

(2) ^tarkashi Thrust Zone - The glrdle shaped thrust ZQne comprlses a

sinuous outcrop of metabasics which occur as chlorite schists,amphibolites

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

are also mt with parallel to the foliation. T^e 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 ) - It covers a part of the thrust zone between Mustari and

Manour. TheTrS,, 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 L3 lineation plunges 0-36° in N 3O5°-N20°.

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

thrust zone between Alethi and Dhanpur.Here the^ S 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 decioherable from the submaximura. The great

circles corresoonding to the maximum and submaximum intersect at the point p*

which plunges 11° N290°.

Afew poles to S3 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 S3 dips consistently towards NE. The L plunges in the 'b'

direction and coincides with the P-axis of the anticline,as calcuhted from

the intersection of S? planes.
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Sector 6 (Fig. 38 ) - It covers the U-shaped exposure of the thrust zone

between Dhanour and Sankrona. TheTT S2 diagram shows a prominent maximum(15%)

in the northeast and a submaximum(8%) in the southeast quadrants. Accordingly

the foliation S2 strikes N135° - N315° and N70° -.N250° and dips 20° i 225= and

38° N340° respectively. Here also, their corresponding great circles Inter

sect pointB which olunges 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 (3 -intersection,plunges in

the west at about 10°.

A few scattered poles to the S3 planes fall in the southwest and indi

cate a no^-th and northeasterly dip of the strain-slip cleavage. The L

lineation olunges variably between N204° and N328° at low angles. As in

earlier sectors, the S3 and L3 maintain their consistent direction in contra

st to the variable attitude of the S2 planes, thus suggesting a late

structure related to the folding. This is also evidenced from the similar

plunges of L3 and p-intersections.

Sector 7 (Fig.39 )- It includes the Uttarkashi-Larabgaon roadsection between

Sankrona and Santangaon. Their S2 diagram is characterised by two maxima(15%)

in the southeastern quadrant. The foliation planes dip 38° N270° and 20°

N320° on an average. The great circles of the two maxima intersect at

point Swhich plunges 20° N320° like the earlier sectors. The two prominent

maxima of the foliation S2 indicate a NW-SE fold axis as has been mapoed in

the field (Map 8 ).

The poles to the S3 planes fall in the SW quadrant so that these dip

30° N60°. Their intersection on S2 i.e.,L. lineation plunges 5 -34° N280°-

N354° and coincides with the0 -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 S2 while the L plunges 83
towardsdirection of the fold axis.
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Sector 8 (Fig. 40) - It covers the southern part of the road section and

falls southern limb of an anticline in the thrust zone. The v S diagram shows

a single maximum(25%) in the northeastern quadrant. From this, the S~ planes

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

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

angles to NW.

Synoptic characters of the thrust zone - The synopticirS diagram (Fig.41 )

shows two small maxima(ll%) in the northeast and southwest quadrants and a

submaximum (97) towards south. The foliation planes corresponding to

the maxima strike NW-SE and dip 28° N32° and 36° N215°.The great circles

intersect at the point (3 plunging 6° N315°.This indicates that the S planes

have been folded into N 55°W-S55°E trending folds with a plunge towards

NW of about 10°.

In the synooticjrS3 diagram (Fig.42) a single maxiraura( 13%) is seen in

the southwestern quadrant. The S planes dip 30° N32° and strike N 122°-N302°

There is a marked preferred orientation In the synoptic L-. diagram with

a maximum(10%) which plunges 20° N314° (Fig.43). It is noteworthy that L3

olunges approximately in the same direction as the (3 -fold axes.

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

following conclusions have b.-en drawn for the Uttarkashi Thrust zone:

(i) The NW-SE strike of the S planes coincides with regional trend

of the thrust zone even in the individual sectors.

(ii) As has been pointed elsewhere (Chapter 5) that the metabasics are

emolaced along the Uttarkashi Thrust.it appears possible that these have

suffered structural deformation and raetamorphism during the thrusting move

ments and have developed a prominent S2 foliation.

(iii) The S2 ' planes have been folded along NW-SE axes which plunge

at low angles towards NW. This has been observed in the individual sectors
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and synoptic tt S2 diagram.

(Iv) While S2 planes are heterogeneous in character in the metabasic

tectonite body, the strain-slip cleavage(S3) tends to maintain a regular ori

entation and possibly defines the axial planes of the major folds.

(v) The microcorrugation (L3) plunges uniformly towards NW and coincides

with (3 intersections of the S2 planes. It trends parallel to the fold

axes hence it is 'b' lineation.Thus, both the S and L are related to

maior folding of the S2 planes and appear late structures superimposed upon

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

(vl) It is evident that while S2 has possibly developed during sub-

horizontal thrusting movements and is later folded,the S0 and L have origi-
3 3

nated under different stress conditions during the folding movements.The

adjustment is achieved by slips on surfaces cutting across the foliation.

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

40 to 60° (Turner and Weiss,1963).

'3) Ailochthonous zone

The overthrust Quartzite Formation of the ailochthonous

zone comprises . quartzites,schistose sericite quartzites and quartz

schists. It has been subdivided into the following 4 sectors.

Sector 9 (Fig. 44 )- It covers a part of the Uttarkashi-Larabgaon road south

of Chaurikhal. Here in the quartzites, the bedding S. is poorly marked and

dips 26 -4,° N200° -N232° with their poles falling in the northeastern

quadrant. On the other hand, the S2 planes dip 43° N1680. It is noteworthy

that the strike of the S2 planes coincides with, the E-W trend of thrust

zone near sector 9. The mica lineation (L^ developed on S , plunges 38° In

N210°.

Sector 10 (?ig, 45 )_This covers the road section between Foeld and Chaurikhal.

s! is again poorly developed in this sector and dios 16 -74° N42°-N68° opposite

to bedding 3X in sector 9. The S2 planes dip 30° N7lo on an average and their
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poles form a maximum (21%) in the southwestern quadrant.

The mica lineation L, plunges 0-54° N24° to N730 but on an average it

is gently ->lunging in N 60°. A comparison with sector 9 reveals that like

the S2 planes, L. is also folded along a NW-SE axis and trends normal to

thrust front and fold axis in the 'a' direction of movement. The slick

ensides L2 plunge, in the opposite direction towards N 204 -N3040 between

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

Sector 11 (Fig.46) - It covers a part of the ailochthonous zone along

road in the north of Foeld. Sx planes are comparatively better developed and

dip variably in the IE., NW and SW between 28-90° but their poles show a

concentration In the SW 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 about 30° while L^

lineation on the foliation olanes plunges in 25° N60°E and 15-30° N228-N246°

and thus it has also been locally folded in thissector.Minor slip movements

are indicated by L2 (slickensides)which plunges in the SW between 4° -72° (30°

on an average).

Sector 12(Flg.47 ) The sector incorporates the road section near Dhanpur.The

bedding S]L is poorly developed and dips 40- 50° N185 -N255° . The poles to

the S2 planes are widely scattered in the NE and NW quadrants with a general

southwesterly dips at about 40°. ^ consistently plunges 40° N240° on an

average but a few l^lineations plunge towards NE. A comparison with

sectors 10 and 11 of the ailochthonous zone indicates that S^ S2> L1 and L2

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

Synoptic characteristics of ailochthonous zone - The synopticir Sl diagram

(Fig.48)for the allochthon shows a well defined maximum(17%) and a submaxlraura

(14%) 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 0 in the northwest. This indicates that the quartzites have been

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

The ir S2 diagram (Fig.49 ) has a strong raaxiraum(12%) in the southwest

quadrant and hence the S dips 30° N74°. The poles to the foliation are
A (87.)

considerably scattered towards north with a suboaxtwxun /_. From the comparison

with the synoptic ir S diagram it is apparent that S 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 for mica lineation L. shows a prominent maximum(21%)

plunging 30° N60° and a submaximum(7%) which plunges 40° N212°(Fig. 50),i.e ,

normal to thrust front and fold axes in the 'a' direction of movement. L

shows a varied plunge between 4-70° in the N216 -N 240° and N 50°(fig.5i ).

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:

(i) S^ has been folded along NNW-5SE trending axes which plunge towards

NNW at low angles.

(ii) The pattern of folding of S In the allochthon is less distinct

since the majority 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.

(ill) Though S2 dips variably,the penetrative mica lineation L plunges

consistently towards N 60°E and S30°W. it is generally normal to the thrust

front in the 'a' direction of tectonic movement similar to slickensides,

grooves and mica lineation in the Almora Nap?e(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 L- of

the thrust zone.
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(v) The tectonic movements as indicated by 'a' mica lineations(L )thus

aooear to be variable between NNE- N60°E directions.

(vi) While the thrust zone is homogeneous with respect to the S and L
3 3'

the allochthon is heterogeneous in relation to all 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 (i) thick ailochthonous Quartzite Formation of

northern belt at least 15 km. north of its present posit ion.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 its present oosition.

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

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 developed 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 along the Uttarkashi

Thrust, the emplacement of the basic rocks as doleritic sheets took place

and has possibly facilitated the southward movement of the allochthon.

(5) During the thrusting process, the autochthon,allochthon and

thrust zones were possibly metamorphosed .This is evidenced by profound
, , whichcalaclastism along thrust in these zoneo/have acquired the foliation^ ).

The penetrative mica lineation Lx also seems to have been formed during

the thrusting processes along the 'a' direction of the tectoic transport from
the northeast.
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Fig. 52 - Geological cross section
through the area.

Fig. 53 - Section through Laluri-
Pu?argaon.

Fig. 54 - Section through Bhal-Rharkot.

Fig. 55 - Section through Basul-Khand.

Fig. 58 - Sections through the
Uttarkashi Window.

Fig. 59 - Sections through the Dunda
Window.
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Orientation diagrams for Uttarkashi Window region

Autochthonous Zone

Fig.27 (lSt diagram - Sector 1

Fig.28 /T$v diagram - Sector 1

Fig.29 /Tgf diagram - Sector 2

Fig.30 //SV diagram with -L (dots) and L (cross)-Sector 2

Fig.31 TVs, diagram -Sector 3

Fig.32 /Tsv diagram with L^Dots)- Sector 3

Fig.33 Synoptic jTs, diagram

Fig.34 Synoptic /?SV-diagra m

Fig.35 Synoptic L, diagram (contoured) with L2(cross)

Uttarkashi Thrust Zone

Fig.36 ffc diagram (contoured) with S_ poles(plus) and L-
1"~ (dots) - Sector 4.

Fig.37 Tfs-L- diagram with S-, poles (plus) and L (dots) - Sector 5

Fig.38 ff^ diagram(contoured) with S poles (plus) and L
(dots) - Sector 6

Fig.39 /'sv diagram (contoured) with S_ poles (plus) and L

(dots) - Sector 7.

Fig.40 fi*£ diagram(contoured with S_ poles (plus) and L_(dots)

Sector -8

Fig.41 Synoptic //^diagram

Fig.42 Svnootic ^diagram

Fig.43 Synoptic L- diagram

Ailochthonous Zone

Fig.44 Poles to S1 (small dots) and S2(big dots) ,L., (triangle)Sector 9

Fig.45 Poles to Sx and S2;

Fig.46 Poles to S-^ and S2

Fig.47 Poles to S^ and S2

Fig.48 Synoptic rfS, diagram

Fig.49 Synoptic Hvdiagram

Fig.50 Synoptic ^ diagram

Fig.51 Synoptic L2 diagram

L and L„ (cross) - Sector 10.
1 2
Ljand 1^ - Sector 11

L. and L^ - Sector 12
1 2
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(6) The thrusting phase is followed by adominant 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 S ,S

and L. elements along NW-SE axes.

(8) During this folding phase of the thrust zone,the strain-slip

cleavage (S3)and microcorrugation lin \ation(L3)were formed due to minor

slips along the new foliation planes. The competent and brittle masses of

autochthon and allochthon behaved differently with possible development of

slickensides(L )and faulting in the rocks.

(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

as 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 the 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 Dharasu Thrust

and consists 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 Nagon and
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Malli Anticlines.

The Nagon Anticline is truncated by the Tons Thrust near Kansi and

Bheti and is not exposed across the Basul and Khand villages (Fig. 55).

Purple argillaceous quartzites of the Dharasu Formation are folded along this

anticline and 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 for at 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 Chhara 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 «indow(northem region) along the Dharasu Thrust and In

turn, is overridden by the (i) Laluri Formation along the southerly dipping

Tons Thrust and (ii) bangaon Limestone along the northerly dipping Bangaon

Thrust.

The Dharasu Thrust passes through the hill 2339 metres, Sartali,Mason

Soman, hill 2208 metres, Malli and 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 NW-SE. In the southeast, it aeparates the gentle and NE dipping Dharasus



from highly inclined Dichli Dolomite formation between Malli and Chham

(Figs.54 d 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 thrust has been originally extended by Auden (1938) upto

Khand but on the basis of the present mapping, it has been traced further to

Kandi in aN60°W -S60°E direction for about 15 kra. in the area. It raay also

be added that it extends further to the SE towards Bhaldiana outside area.

The gently dipping Laluri Formation is exposed on the soOthern limb

of the Nagon Anticline and is succeeded conformably by thick alternating

phyllite and quartzite sequence of the Chandpur Format ion.This,in turn, is

overlain by the Nagthats which are separated from the former by 3asul

Thrust along northern slopes of the Gorpha Dhar(Figs.52 to 55).

The Nagthat Formation has been folded into aN60°W -S60°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

dipping 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 tectonic 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

upon the autochthonous Simla Slates zone(Fig.57 , Map 10). The mutual relation

along, borders of the Simla-Krol Beit undoubtedly indicates an autochthonous

position of the Simla Siates 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 Nappe (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 ma^or tectonic unit. Similar purple-green-grey argillaceous quart

zites and phyllites resembling the Dharasus have aeen observed all along

left bank of the Bhagirathi river uoto Tehri and extend even to Diul along

Bhillangana river(Nautiyal-personal communication). Though the phyllites at

Srinagar,Devprayag, Kirtinagar and Tehri undoubtedly resemble Chandpur

Formation, their exact structural relationships can only be known after the

detailed mapping.

It is evident that the Dharasu succession has been thrust over the
tnuSGarhwal Grouo of rocks al^ng the Dharasu Thrust and /.constitute a separate

ailochthonous thrust sheet,herein tentatively termed as the Dharasu Thrust

Sheet. In the area, this sheet dios beneath the Krol Nappe (Laluri-Chandpur-

Nagthat Formations) which has overridden the Dharasu Thrust Sheet along

Tons Thrust. This structural interpretation of the ailochthonous Dharasus

markedly differs from viewpoints of Auden(1937) who considered Sial.a Slates

(equivalent of Dharasus) as autochthonous in tMs part of ^ Garhwal Himalaya

(Map 10). However, Bhargava and Srikantia (1967) worked out an intervening

thrust sheet of the Simla Slates below the Krol Nappe in Puniab Himalaya.

In the Krol Napoe(Auden,1934a,1937) or the corresponding Krol Napoe I

(Valdiya,1964 b) succession of the area, the Laluri-Chandpur-Nagthat Formations

are thrust upon the Dharasus along the southerly dipping 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 the north and south respectively. From the opposite

dipoing characters of thrusts at base of Nagthat Formation, these seem

likely to join underneath to form a synclinally folded thrust sheet which

apoears to have slided over the Chandpur Formation. It is significant to note
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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 Deosari

and Mussoorie 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 is

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 SGries(Auden,1938,
1949). According to him, these rocks are exposed in the Chamoli Window. In

the north, the Chamoli Window is bounded by the NE dipping Main Central

Thrust which has been noted outside the present area at (i) Kupra along

Yamuna valley,(ii) 30°53': 78°31' along the Uttarkashi-Dodhi Tal brid.Le path

and (iii) Sainj along the Bhagirathi river. At these localities,the Central

Crystalline Zone comprising of the gneisses and schists with minor occurrences

iamohibolites, 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 lithostratigraphicai units of the Garhwal Group are

intricately folded and thrust amongst each other along the Uttarkashi,Dunda

and Singuni Thrusts (Map 4). As aresult, the follwoing several large scale

structural units within the main Chamoli Window can be recognised :
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(i> 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. 714 73 ). In the northern parts of the area, the Uttarkashi
Thrust dios 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 -30°( PP. 7l-73, Figs. 52

&59). The characteristic occurrences of the metabasics and their opposite
dipoing nature along Dunda Thrust and southern trace of the Uttarkashi

Thrust are varv significant and are considered as major factors in the analysis
of the area. From this it can be concluded that the Uttarkashi Thrust extends

underneath 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 is not occurring in its original
olace and is ailochthonous in character. This ailochthonous zone is

thrust over the Uttarkashi-Dunda Formations from the northeast to southwest

as afolded thrust sheet. This has been named as the Uttarkashi Thrust Sheet.

From aclose 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.

(ID Nagni Thak Kljppe -The erosion of the Uttarkashi Thrust Sheet has
left aremnant of an elongated southwesterly dipping quartzite outcrop between
Baun-Pokhri-Chaurikhal-Koti-Jakhni. In the south, this is bounded by the Dund
Thrust while in the north, the southern trace of the Uttarkashi Thrust limit

a

s
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northern boundary (Fig. 52). Billings (1962,p,184) defined such an isolated

body as "klipoe" -aremnant, of the overthrust sheet due to deep erosion.

The Nagni Thak Klipoe is about 15 km. in the NW-SE direction while

the maximum width is about 7km. between Pujargaon and Pokhri,This klippe

extends to the Yamuna river as a narrow exposure(about 3 kin) between

Gangani and Kutnaur.

(lii) si"Puni 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,southwesterly

dipping augen mylonites in the thrust zone between Khattukhal and Bagyal

gaon. In the southeast,Singuni Thrust conceals Dunda Thrust along the

Uttarkashi-Larabgaon 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 the 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 ailochthonous

in relation to the Dunda Formation. From its disposition, this is a separate

s« dipping ailochthonous 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 ailochthonous zone.However,

in view of the following characteristic important features, it is difficult

to consider the Singuni Thrust Sh et as a southward extension of the Uttarkashi

Thrust Sheet:

(i) 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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(ii) Occurrence of mylonitlsed quartz and feldspar porphyry (augen raylonites)
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.

(iii) Abnormal variation in thickness of the ailochthonous 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.

(iv) 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 1km. aoart.The southern thrust

sheet of the quartzites is characterised bv zircon and increasing amount of

tourmaline varieties,whereas the northern Uttarkashi Thrust Sheet is marked

with zircon.

(iVi Autochthonous Window Zones - From the foregoing discussion on

the structure of the major Chamoli Window it is clear that the overthrust

Quartzite Formation sheets are ailochthonous 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), a. 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) Uttarkashi 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 but the upper trace of the thrust zone extends

further southeast at least 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 (S4-Sg).0n both banks of the Bhagirathi river,these members are

flanked by the metabasics and Quartzite Formation ( S -S ).
4- 5

On the other hand, the Upper Uttarkashi LimestoneJLying conformably

over the Pokhri Slate,extends between Mandon and Tekhla on the northern limb

of the Kot Syncline but is largely concealed beneath the overthrust quartzites

both in the northwest and southeast (S, S ). 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 limb by the Kot

Fault (S5:S6).Close to the hill 2133 metres, the metabasics and the overlying

quartzites are displaced by about 0.5 km. due to this fault(S?). 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 (S -S ).
3 8

Another exposure of the Upper Uttarkashi Limestone member lies on

southern limb of the Baragadi Anticline between Sada and Dilsod and is well

represented in sections S -S ..It is underlain as well as overlain by



98

Pokhri Slate near Pokhri (S,). The conformably overlying youngest,Bareti

Quartzite member occupies the northern limb of the Baragadi Anticline between

Sada and Panjala.

The Uttarkashi Window 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-green-black slates and greyish micaceous quartzites of the

Uttarkashi Formation 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 Dunda Thrust at its northern margin.In the south, the window is

bounded by another southwesterly inclined Singuni Thrust. In field, the

latter is conspicuous 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 ailochthonous

quartzites of the Uttarkashi Thrust Sheet dip 60-70° in the SW direction and

rest over the northeasterly inclined (about 20 -30°) metabasics in the Dunda

Thrust zone (S -S ).
1 17

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 (S S ),Here it may be added that the angular discordance

along NE boundary of the Dunda Window cannot be considered due to an
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unconformity. The structural relationships with the NE dipping Dunda .Quartzite

thrust zore and SW inclined overlying Quartzite Formation, as elaborated 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 oossibly conceals the Dunda Quartzite member and rests directly over :

Dhanari Slate (-s1iS1J--

In the southeast ..along left bank of the Dhanari Gad, the Khattukhal Lime

stone is exposed in the core of the Khattukhal Anticline between Painkhal and

Khattukhal as the oldest member of the Dunda Formation (S -S ).In section 7
3 6

tMs limestone is completely 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 anticline,but on the southern limb of

Khattukhal Anticline this limestone 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 structure is

complicated due to the complete truncation of the limestones in the window

zone which comprises the Dhanari Slate member only. As has been noted in

Chapter 2(pp. 32), the sinuous outcrop of the Khattukhal Limestone dips

regionally in the southwest between Dang-Shyalna-Giunoti while the quartzites

of the Singuni Thrust S^eet extend uninterruptedly tcwardSnorthwest as a narrow

belt bounded by the Singuni and Dharasu. Thrusts(S -8 ). The limestone out-
11 lo

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\ kra.wide across the Dunda village. This window has
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been observed extending at least 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 (Map 11). The rocks are delineated

by the metabasics along the Dunda and Dharasu Thrusts on both sides of

window. In the southeast, the window extends to Paturi and possibly closes

near Dlngaon 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 have 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.

(i) Yamuna River Section (Map11) - 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 Thrust in the north and south respectively. Structurally,it

consists of the Uttarkashi Thrust Sheet,Nagni Thak IQippe, Uttarkashi and

Dunda Windows 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.



101

(ii) Jalkur Nadi Section -Along Jalkur Nadi section on the eastern margin

of the area, the extensive thick Quartzite Formation of the ailochthonous

zone dips uniformly towards southwest between Larabgaon 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 ailochthonous 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 apoears to be partially or completely concealed beneath the Central

Crystalline Z-ne due to a southerly swing in the strike of the Main Central

Thrust IMap 12).

(iil) Bhillangana River Section- Lying 16 km. SE of the Jalkur Nadi, the

Bhillangana river section has been traversed by Seitz et al.(1963), Tewari

(1963) 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

which has been located at Ghansali. At Diul in the south, the group is

dislocated 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 in the Ghuttu Window is of considerable

importance(Tewari,1963). The samples collected by Nautiyal from this window

zone include slates and dolomitic limestones which are comparable with

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 the Garhwal Group along the Bhillangana river,when

analysed critically with reference to the above observations indicates possi

ble continuation of the autochthonous Dunda-Uttarkashi Formations and as well

as the ailochthonous 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.

(lv) 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 Chamoli 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

is evident that the southern Singuni Thrust Sheet of the Quartzite Formation

and Dichli Dolomite extends in this region.

In the north, the quartzites are delineated 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 capoed 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 region 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 Chail Nappe

(West, 1932; Fuchs,1968).
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(vi) Shall area - The structure of the Shall area resembles with the Chamoli

Window and more closely with the Dunda-Uttarkashi Windows. The Shall Series

comorising of alternate sequence of quartzites, slates and limestones is

exposed into,a broad anticlinal domal Shall Window and is thrust upon by the

Chail Nappe succession(Chail Series) along the Shall 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 Simla Slates on

southern flank of the Shall Window(West,1935) and Is overlain by the Jutoghs

in the northern Indus regions. The structural similarity of the Shall 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

e.g., Shall Series and the Dunda-Uttarkashi Formations (Chapter 7).

(vll) Lower Kumaon Region - In this region, the structure of the Chamoli

Windw has been worked out in some detail by Auden (1935,1949). Helm and

Gansser (1939), Valdiya(1962, 1964 b) and Gansser (1964). From the descriptions

of Auden, Helm 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 Dudatoli-

Alraora thrust mass in the north and south respectively. Along the Alaknanda

river, the Chamoli Window bifurcates into ano rthern Chamoli-Tejam Zone and

southern Bado11sera-Pithoragarh Zone which are separated from each other

by the crystalline thrust mass axis of the Chamoli-Baijnath-Askot (Gansser,

I964,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-Tejam Zone is partially
or completely concealed beneath Central Crystalline Zone in the west.

Many of the stratigraphical 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 II (Valdiya,1964 b) and Chail Nappe sequence

of Fuchs (1968).

However, the controversy still goes on regarding the scale of inversion.

Gansser (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 in the Lower Kumaon Himalaya".

In the present area, the predominantly slate-limestone-quartzite success

ion of the Dunda-Uttarkashi Formations are thrust i pon by .normal sequences

of ailochthonous Quartzite Formation and Dichli Dolomite- But their equivalents

and possibly the strike continuations in the Pithoragarh-Bageshwar-Ganai 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 jiormai 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 lithostratigraphicai units (Chapter 7). In case

Valdiyas(1962,1964 c) 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.cit. ).

However, the present correlation of the Garhwal Group lithostratigra

phicai units with the Pithoragarh stratigraphy and the Mandhali-Chandpur-

Nagthat sequence of the Slmla-Krol Belt removes the above anomali (Chapter 7)

by correlating the Nagthats, Dunda-Bareti, Shall 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 in each tectonic

unit of the Chamoli Wmdow 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 lower

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 Dunda-Uttarkashi Formations

which are exposed Into the windows. The strike extension, lithological simi

larities and general structural features put the Shall and Ghuttu Windows

in the same autochthonous unit in comparison to the overlying ailochthonous

zone. Though the autochthonous rocks of all the above named windows are

broadly similar, the ailochthonous zone differs widely from the Chail Series
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of the Shall Window, Quartzite Formation of the Dunda- Uttarkashi Windows

and the Central Crystalline Zone of the Ghuttu Window. It is therefore apparent

that this widespread narrow belt of the autochthonous 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.

-v v ThUS' the ShaU Serles> Uttarkashi -Dunda Formations and Ghuttu
Window rocks are oossibly exposures of an elongated,narrow belt of autochtho-

1 for nearly 150 km.
nous rock formations£in the inner sedimentary Deoban-Tejam Zone These parallel

the outer Simla-Krol Belt succession and broadly correspond to the Deoban-

Mandhali-Chandpur-Nagthat succession. Nevertheless it cannot be compared with

the Blaini-Krol-Tal sequence (also Chapter 7). This autochthon occurs beneath

the different ailochthonous units e.g., the Chail Series, Dharasu-Quartzite

Formations and Central Crystalline Zone. The autochthon belt also possibly

occupies 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 the 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 soutMabout 10 km. NE of Mussoorie)

to Chapra and Uttarkashi summarises the several tectonic units (Map4. ,Fig. 60)

namely, the (i) Krol Nappe, (ii) Dharasu Thrust Sheet and (iii) Chamoli Window

with its other structural units i.e., (a) autochthonous Dunda and Uttarkashi

Windows and (b) ailochthonous Uttarkashi and Singuni Thrust Sheets.
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(iii) CJjamoU^WjLndow - 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 Window:

(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 Dichli
n i i. observedDolomite as two elongated structures and have been /.closing on three sides in
the area.

(b) The ailochthonous 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 afolded structure and is delineated by the Main

Central Thrust in the north while the Dunda Thrust limits its southern

boundary. The sole of the thrust sheet is 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 G.ds 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 raylonite occurrences. This thrust sheet dips beneath the Dharasu

Thrust Sheet which is thrust over the former along the Dharasu Thrust.,



4.1 INTRODUCTION

CHAPTER- 4

AUGEN MYLONITES

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 Uttarkashi Thrusts. In addition, a thick augen raylonite

body has been found along the Singuni Thrust.In the present chapter are

given the fie Id,megascopic and microscopic characters of the augen raylonite

and its relation to the thrusting.

4.2 TERMINOLOGY OF MYLONITIC ROCKS

The term raylonite(from Greek mylon • a mill) was first introduced

i

by Lapworth(1885) for "microscopic pressure breccias with fluxion structure

in which the interstitial dusty,silicious and .kaolinitic paste has only

crystallised in part". He observed a complete gradation from mylonites to

the Moine 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 in " 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 tyical mylonite.

Since the original, precise and well illustrated 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 deforraation(Quensel,1916; Knopf,1931; Walters and Campbell,1935;

Hsu, 1955; Christie, 1960; Reed, 1964). Christie (o-o .cit.) ,or the basi-s



»

110

of structures and textures,classified the mylonites as (i) primary mylonitic

rocks and (ii) 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 the mylonitic rocks can be identified in

the present area:(i) augen mylonites,(ii) ultramylonltes 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 Quartzite Formation belt from the

Khattukhal and Dhanari Slate members of the Dunda Forraation(Chapter 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 is 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 taoer off in NW near Khattukhal

village but are poorly exposed near Dhanari in the southeast (Map 6),

Mainly the mylonitic rocks comprise augen-mylonites 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,porcellaneous 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
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variations in black,dark grey,greyish green and buff shades mark the strong

and conspicuous schistosity in the augen mylonites(Fig,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 irregularly injected parallel to

foliation planes.

The ultraraylonites 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(Map6).

The contacts with 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

samoles 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
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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 recrysta

llised large muscovite flakes. A few porphyroclasts cf 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 augens(9 -14%) are coarse grained (0,25 - 2.5 ram.) and are sometimes

stretched into elongated 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 nieces 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 in 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 ecu!dimensional 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 (Flg.223).

Feldspar (16 -22%) - It occurs as medium to fine grained (2.00 - 0.065 ram. ),

rectangular,ovoid and augen shaped prophyroclasts. The feldspars are generally

associated 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.

(i) Potash feldspar augens with brownish to colourless unresolvable

inclusions.

(ii) Perthite porphyroclasts - intergrowth of colourless,twinned albite

(An, ) patches of the same birefringence and optical orientation with cloudy

potash feldspar.

(iii) Albite porphyroclasts (An,.) (Fig.223).

Feldsoar generally shows mild undulose extinction,intragranular and

marginal granulation,microfracturing and displacement 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

olanes and fractures and in the advanced stage the porphyroclasts are gradually

lost in the groundmass(Fig. 222).

Sericite - It is light pale green .exceedingly fine grained and strongly orien

ted along the foliation. The flakes wrap around the porphyroclasts. Sometimes

randomly oriented droolets and small sericite flakes are also met with along

the fractures,cleavages and twin planes ln the feldspar porphyroclasts.

Chlorite (45 -667.)- Chlorite is generally associated with sericite as tiny

greenish flakes in the groundmass and Is identified by Its lower birefringence.

In the groundmass, sericite, chlorite andquurtz(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,colour less,folia of coarse

muscovite.

Garnet (Almandine)- A few grains are pink,fine grained(0.75 - 0.065 mm. and

subhedral. It is strained,regularly fractured and is marginally surrounded



114

by chlorite and magnetite (Fig. 226),

Biotite (0.5 - 4%)- Biotite 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 previously described augen

mylonites, the augen schists are marked with the following characters:

(i) The texture is tyoically crystalloblastic with flattened quartz and

occasionally feldspar augens embedded in a groundmass of quartz,sericite

and muscovite arranged in alternating folia (Fig, 225).

(ii) A few quartz augens are completely broken into small irregular mosaic

showing composite extinction(Fig,225) •

(iii) 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 groundmass,

4.4 -3 Ultraraylonites

The ultraraylonites generally occur as straaks and stringers in the augen

mylonites. These are exceedingly fine grained,aphanit*c,unresolvable brownish

mass along the foliation with black isotropic masses. In the reflected

light, these stringers are yellowish white with steel grey metallic lustrous

grains of ilmenite(?).

4.5 DISCUSSION

In the area, the mylonitic rocks consisting of The augen mylonites,

ultraraylonites 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 shaoed oorphyroclasts suggest a possible quartz and feldspar porphy-

ritic character of the original rocks which may have been eraplaced along the

thrust and later deformed to the augen mylonites. Hence these augen mylonites

are not genetically related to the overlying quartzites and underlying

slates and limestones.

Such deformed quartz and feldspar porphyritic oodles and related rocks
mylonitlsed

e.g./migraatites,mylonites etc. have also been observed near or along some of

the thrust olanes in the Lesser Himalaya(Heim and Gansser,1939; Pande,1956;

Das, 1962,1966a) and along some other major faults ar.d thrusts e.g.^an Audrers

Fault Zone (Walters and Campbell,1935), Great Glen Fault (Kennedy,1946;

Shand,1951; Eyle and MacGregor,1952), Moine Thrust (Lapworth,1885; Teall,19i6;

Harker,1950; Christie,1960, 1963). Srevard Fault Zr e (Bryant and Reed,1962;

Reed and Bryant, 1964) and Al >ine Fault(Suggate,1963; Reed,1964).

Helm and Gansser(op.cit,,p.27) noticed about 2800 metres thick,greyish-

green slaty(also porphyritic and gneissic)quartz porphyry at Ramgarh which

has been later identified as migmatltes and my Ionitrsad migmatites(Pande,1956).

Similar slaty quartz porphyry have also been found near the North Almora

Thrust at Chaukhutia(Heim and Gansser,op.cic ., pp.47,57) and are now classi

fied into mylonites and related rocks (Das,1966a).

The development of mylonites along the Moine Thrust has been a matter

of controversy regarding their relation to the metarcorphism of Moine Schists

along the Moine Thrust. It has been argued that (a) mylonites were formed

subsequently to the regional metamorphisra of Moine Schist due to cataclastic

deformation along the Moine Thrust (Home,1930; Raad,1931, 1934; Phillips,

1937, 1945) or (b) mylonites were contemporaneous tc the regional metamorphism

of Moine ochist In the movement zone between Moine Nappe 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

during the regional metamorphisra of the Moine Schist. Such a view is also

supported by the structural data(Christie,Mdntyre ind Weiss, "'954; Christie,

1956,1963) whereas the secondary mylonitic rocks were formed during another

phase of deformation.

On the other hand the Brevard Fault Zone in Ncrth Carolina exhibits

good development of low grade retrogressively metarotphcohosed phyllonites,

blastomylonites and porphyroclastic blastoaylonlter. fror. the gneisses and

highly metamorphosed schists (Bryant and Reed,1962; Reed and Bryanc 1964).

Megascooic and petrofabric studies of structural delorraation along this fault

zone suggest 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.ct.) .

The difficulty in identification of cataclastic effects is apparent

from the descriptions of Shand (1951) and Eyles and MacGregor(1952), The

Great Glen Fault, according to Eyles and MacGregor Up.cit,), is marked by a

broad belt of cataclastic and mylonitic rocks for stout 65 km. in length

whereas Shand(op.cit.) .observed a ~eW minute lenticular veinlets of mylonites

which might have been originated In any hard .ock tha. has been folded.

A new terminology and comprehensive account of the mylonitic rocks

along the Alpine 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 Alpine Fault due to the receii- movement while

occurrences of cataclasites have been attributed to late Tertiary phase of

Kaikoura Orogeny and mylonites to late Jurassic Rangitata Orogeny (Reed,1964).

Near the Singuni Thrust, a prominent foliation dipping, towards the

southwest and an equally strong mica lineation plunging in the same direction

is developed both in the quartzites and myloiiitic rocks. The lineation plunges

almost normally to the strike of the foliation and the thrust,It appears
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jSossibly'a'lin-ation in the direction cf 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 Nap^eOarkar 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

grain size,preferred dimensional orientation,intragranular and marginal

granulation progressively increase towards the Singuni Thrust .and are best

observed along the Singuni-Margaon section. These effects appear to be some

what identical along the Great Gren Fault (Walters and Campbell,1935);

Glencoul Thrust(Crompton,1963); Moine Thrust(Harker,1955,p.166; Christie,1963),

in the Appalachian quartzites, near the thrusts (Follows,1943) and In the

Preeaiabrian Finnish quartzites (Hletanen,1938). Riley(1947) and Weiss( 1954)

observed similar cataclastic and recrystallisation effects in the quartzites

and other crystalline rocks. Walters and Campbell (-1935) noticed the follow

ing changes in the quartzites with increasing cataclastism:

(i) Fracturing of rocks into coherent,megascopically visible breccia or

protoraylonite.

(ii) Deveiooraent of tyoical mortar structure due to the shearing of quartz

grains.

(iii) Intragranular shearing and granulation to a stage of development of

augens and lenticles.

(iv) Ultimate formation of the ultramylonites.

The mineral assemblage of mylonitic rocks along the Singuni Thrust

corresponds to the green schist fades(cf.,Turner and Verhoogan, 1960, p.533),

but the sporadic development of garnet,at places, indicates that the mylonites

were initially subjected to higher grades of metaraorphlsm probably at greater

depth and pressures. The retrogressive metamorphic effects in these mylonites

(garnet-chlorite + magnetite,biotite-rauscovite and sericite) suggest a still
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lower grade of metamorpMsm belonging to the quartz-albite-muscovite-chlorite

subfacies of the green schist fades. A possible range of temperature and

pressure for green-schist fades, 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 have taken place under

stress conditions and later under lo'-'er metamorphic conditions at shallow

denths,

The predominance of augen mylonites over other types of mylonitic rocks

indicate that the deformation is partly ruptural and partly crystalloblastic

(Knopf, 1931; Reed and Bryant,1964).

The overlying quartzites have been subjected o.ly to the lowest grade

of metaraorphlsm with the development of quartz-ser;:cite-chlorite assemblage.

Their structural and metamorphic homogeneity with the mylonitic rocks indicate

contemporaneous development of these features which are more pronounced near

to the thrust.

4.6 CONCLUSION

It may be concluded that (I) mylonitic rocks were probably emplaced

originally as quartz and feldspar porphyry along the Singuni Thrust,(ii) the

metamorphic and structural effects were more prominent due to the thrusting

and (iii) the mylonitic rocks might have been subjected initial^to a higher
of

grade /_metamorphism and later were metamorphosed at shallow depths during

the thrusting process.



5.1 INTRODUCTION

CHAPTER. 5.

METABASICS

The present work ln a part of the Bhagirathi valley region has brought

to notice widespread development of metabasic rocks hitherto unreported.

This chapter includes their field characters, petrography,metamorphism and

mode of emplacement. In addition, the salient features of the metabasics from

Maneri in the Quartzite Formation have been briefly summarised for comparing

its raineralogical 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, S^mia,Garhwal and Kumaon (McMohan,

1883,1886,1887; Middlemiss,1890 a,b; Pilgram and West,1928; Wadia,1937;

Helm and Gansser, 1939;Pande, 1949-? 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-Tejam

Zone at Rari and other unspecified localities. Further, he pointed out

their araygdaloidal 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 - These metamorphosed basic rocks

occur as metadolerites,chlorite schists,amphibolites.araygdaloidal metabasics

and metadiorites and have been mapped at the following localities in the

oresent area (Map 3):

(D Nagthat Formation- A 50 metres thick sill extendi for about 2.5 km, along
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the strike of the formation at 3 km. SW of Laluri. Another small body is also

observed near Chapra.

(ID Dharasu Formation- A thick metabasic sill runs between Mason and Rari and

extends to Ganganl along the Yamuna river.

(lii) Quartzite Formation - Small impersistent metabasic sills and dykes are

noticed at (a) 1.5 km. ESE of Malli,(b) Dichli and (c) milestones 75/0,80/0

and 80/4 along the Uttarkashi road.

(iv) Dharasu Thrust - Impersistent raetabasics 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 Koti and extends upto Kutnaur along the

Yamuna river.

(vil)Uttarkashi Thrust - A sinuous metabasic outcrop is noticed along this

thrust between Jugaldi- Uttarkashi -Chaurikhal and extends upto Kupra along

the Yamuna 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 Nag la 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 is mesocfatic,medium to coarse grained, nopfoliated 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 300 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 decioherable along the Dharasu-Barkot road between milestone

16/5 and 17/7 (Figs.62&63). Immediately 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 elliosoidal balls upto 1 metre in dlimeterat the upper margin (Fig.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 zones which separate the under

lying Dunda-Uttarkashi Formations from the overthrust Quartzite Formation.

Their field and structural relationships have been elaborated 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 araygdaloidal metabasics. The metadolerites are generally massive,dark and

heavier than the schistose varieties. These are generally medium to fine

grained but the Individual minerals are not indentifiable in most of the

soecimens(Fig.169 ). A few samples of the metabasic near Khattukhal

contain clusters of dark greenish black hornblende.

In general, the metabasics are poorly to strong1y foliated in character.

The strongly foliated chlorite schists are locally d3veloped near the raarglns

of the thrust zone and are crenulated due to strain-slip cleavages(Figs,170

&l72)and its lineation (FigS.171& 173)between Kankrari, Dhanpur, Foe Id and

Chaurikhal.

On the other hand, a few metabasic samples from Garh and Baun s^ow 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 Dhanpur consists of circular,irregular and partially filled amygdules

and vesicles with quartz and drusy white porcellaneous raineral(Flg,168 )

Some amygdules are lined with purple hematite & vary in size from 2mm. to

1.5 cm.

5,3-2 Hlcrosconic characters

Texture - The raetabasics are generally fine grained but the coarser

varieties are more comnon near Rari. The original igneous textures are mostly

obliterated. While the partially enclosed plagioclase laths in augite(blasto-

subophitic) are occasionally preserved in coarser metadolerites,the blasto-

intergranular texture is more common in the fine grained amygdaloidal raeta

basics frora Dunda,Pujargaon and Sankrona. In these varieties, the interstices

between the randomly oriented Plagioclase laths are filled with chlorite and

hornblende. The irregular and circular amygdaloidal 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 is seen in a few tMn sections of the raetadiorites from Rari.

The minerals invariably show indistinct and gradational boundaries thus

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 flakes and is crenulated by strain-slip cleavage in 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

metadiorltes frora Rari and chlorite schists, The accessory minerals are zircon,

apatite,iIraenite,leucoxene,sphene and hematite. .
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Augite - In these metabasics the mineralogical alterations are so complete

that the original augite is a rare occurrence. It is colourless to pink,

faintly pleochroic and occurs as relict hypidioraorohic crystal with good

prismatic and basal cleavages. The twinning on(lOO) plane is also noticed

in a few cases (Fig.228). The schlller 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 along cracks and periphery

near the contacts with plagioclase. Also of minor occurrences are the parti

al psuedomorohs of brown hornblende containing colourless,relict augite

pathces with common cleavage direction and gradational margins.These patches

extinct at about 45° indicating the optical continuity of the original augite.

Sometimes complete pseudoraorph of bluish green hornblende with crystal

habits of augite are also met with (Fig,227 ). More commonly augite grades

partially or completely to pale green hornblende(Fig.227),green biotite or

chlorite (Fig. 229).

Hornblende - Variable amount of hornblende is ubiquitously distributed in

most of the metabasics and decreases in percentage in chlorite schist.

and uoper portions of the metabasic at Rari. In the fine grained metabasics

from Pujargaon and Dunda.it is intergranular and prisraatic in character. More

commonly, it is ln the various stages of alteration and preferred orientation

along tve foliation planes as tabular crystals and fibrous asbestiform

subparallel aggregates with frilled margins.

(D 3rown 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

is medium size and subhedral with good basal and prismatic cleavages. 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

sV*ows higher relief and stronger birefringence than the green hornblende.
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(ii) Uralite - It occurs rarely as pale bluish green acicular fibers

along cracks and cleavages and is oriented normal to the relict augite
boundnrles.

(iii) Bluish green and green actinolitic feornbJLende -These are most common

varieties of hornblende and occur as subhedral plates with frilled margins.

The bluish green hornblende is moderately pleochroic (X = yellow green,

Y = green, 2 = bluish green, Z >Y > X) and s'ows an extinction upto 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 pseudoraorphs completely after augite with the preserva

tion of basal cleavage (Fig.228). It changes to pale green colour and looses

its birefringence,pleochroism and relief.The p->le green hornblende develops

frilled raarglns. It is either surrounded by chlorite(penninite or prochlo-

rite) or brownish green biotite (Fig.231).

Feldsoar - (1) Plagioclase - It occurs as medium to fine grained and hypidio-

morphic laths. The boundaries are generally ill defined and corrugated near

hornblende due to the reaction. These are sometimes elongated with strong

undulose extinction and are cataclastically deformed. Rarely,the twin olanes

are bent and fractured.

The original composition of the plagioclase is only rarely known

which is sodic labradoritetAn^) with extinction upto 30-32' on(010) planes.

More commly, it is aibite(An3_1Q) or sodic oligoclase (An 3), (extinction

between 8-13" on (010); Many plagioclase laths occur in blasto-subo::>hitic

fashion and are partially enclosed in the hornblende olates but many are

randomly oriented In the blasto-intergranular fine grained varieties.

The laths are highly riddled with numerous zoisite,sericite and rarely

muscovite and calcite inclusions. The polysynthetic twinning is poorly deve

loped. In "iany cases the zoisltic granules are uniformly distributed

throughout the laths but in others, these are concentrated either in the
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cores or near the margins,

(ii) Aik^i_felds£a£ . It ls only observed la ^ ^^^ ^ ^

and is subordinate to plagioclase. It occurs as subhedral,pinkish cloudy
grains with a good cleavage. Sometimes It is graphically intergrown with
quartz and even oerthitic growths with albite are also seen in a few thin
sections.

Biotite - (i) Brown biotite - Astraw yellow to reddish brown,strongly pleo
chroic, subhedral variety of biotite occurs as distinct flakes with Iron oxide

inclusions in the metadiorltes at Pari.

(ID Brownish green biotUe • Apale green to brownish green,moderately
pleochroic biotite is more common and is generally found as fine flakes along
cleavages and margins of the green hornblende.

(Hi) Green biotite - It is fine grained with distinct pleochroism from
light pale green to green colour. It is generally interrogated with chlorite
and is detectable only by its higher birefringence and absorption. Wherever all
stages of replacement are developed,this variety is seen surrounding brownish green
biotite and,in turn,is bordered by chlorite. In other cases,the green biotite
directly fringes the preen hornblende.

CMorite - Chlorite is an Important constituent of the metabasics and is abundant
in the schistose varieties. It occurs as pale green to green,faintly pleochroic
flakes with abnormal interference colours and is oenninite.The other common
variety shows grey and pale colours of the first order and appears to be

prochlorite.lt Is generally seen along . cleavages and periphery of the green
hornblende (Fig.231 >and augite(Fig.229 >. The complete chlorite pseudomorphs
after hornblende is a rare occurrence. It even interfoliates with green biotite
and hornblende. In the chlorite schlsts,it occurs as fine grained.preferably
oriented fl.kes which are soraetiraes crenulated due to the strain-slip cleavage
fig.232).
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3u££tz .Minor amount of granoblastic qUar,z is pra8ent in all the metabasic
varieties.lt is abundant in the metadiorltes at Rari and chlorite schists.
In the metadiorltes, it is anhedraImodium to coarse grained. At places, it

exhibits strong undulose extinction and is stretched along the foliation.
Rarely it is interstitial between the plagioclase laths. At daces,in the
metadiorltes at Rari,quartz is graphically grown with feldspar,

^oisite -Many plagioclase laths show fine grained.dark ^rown clusters of
highly birefringent zoisite granules. These are either uniformly distributed
within the Plagioclase or more rarely concentrated along margins or In
the core of the laths.

Sericite -Sericite occurs ,s fine,preferably oriented flakes along cleavages
and twin -lanes within the plagioclase laths.

MU$C0Vite "Afew colourless muscovite flakes characterise the metadiorltes
at Rari In the interstices between quartz md feldspar.

Calcite - Colourless,xenoblastic and preferably oriented calcite patches are
observed along the foliation in sorae amphibolites. Calcite is generally
associated with epidote.

E£idote_- 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 boundaries.

Apatity Minor amount of minute euhedral,hexagonal, stubby prismatic with basal

partings and long slender crystals of apatite are common in all the types of

raetabasics. The hexagonal variety is present in biotite and hornblende while

the long slender crystals occur in the quartz filled interstices.

!i£con_- Minute,colourless,euhedral prismatic zircon with dark margins occurs
only rarely a8 inclusions in hornblende and quartz in the metadiorltes.
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Spbene " F*ne clusters of dark brown birefringent granules of sphene are

obse-ved as inclusions in chlorite and along the ilmenite.

Hemattt? " Fine Purple hematite is disseminated in albite and quartz along the
walls of some amygdules.

Ilmenite-Leucoxene - Ilmenite occurs as subhedral,tabular and skeletal

hexagonal crystals with steel grey metallic lustrucus bars in the reflected

light. Along the margins it alters to pale white ieucoxene.

5.4 METABSIC FROM MANERI

5.4-1 Occurrence - The thick metabasicintrusive in the Quartzite Formation at

Maneri is observed ilong the Bhagirathi river In the northern part of the

Deoban-Teiam Zone near the Central Himalaya. It is dark greenish,medium to

fine grained and well foliated schistose rock and become gneissose in the

northeast due the seggregation of plagioclase lerticles. The foliation is

characterised by oreferably oriented dark green hornblende and dips 30-35° due

N and N60°E. The indolently developed mineral lineation due to the hornblende

prisms Plunges 20-45" in N10°E to N 75°E direction,

5.4-2 Microscopic characters

Texture - The metabasics show neraatoblastic texture with preferably as

well as randomly oriented hornblende prisms along the foliation. At places,

the porphyrobIastic growth of hornblende and oligociase has also taken place

with numerous quartz and biotite inclusions. The grains margins are not

distinct. ,

Mineralogy (1) Hornblende - The preferably oriented prisms of dark bluish green,

Pleochroic hornblende(X - straw yellow,Y = yellow preen, ? - deep bluish green)

show higher relief and blrefrinpence than the hornblende frora the present area.

Its extinction is upto 16°. The porphyroblastic ,medium size hornblende

contain numerous quartz and biotite induslons.
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(ii) Oligoclase (An2g) - It is generally colourless and xenoblastic In

the foliation planes but a few porphyroblasts are also seen displacing the

foliation. These contain numerous clinozoisite,blotite ind hornblende Inclu

sions.

(iii) Quartz -It generally occurs in the foliation as granoblastic grii

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 occur around prophy-

roblastic and prismatic hornblende margins.

(vi ) Clinozolsite - 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 re1let opaque,black ilmenite in the foliation.

5,5. MINERALOGICAL CHANGES AND METAMORPPISM OF BASIC ROCKS

The petrogra->hic study of these metabasics has revealed widespread

mineralogical and textural changes due to the low grade metaraorphlsm. A few

relict igneous minerals and textures are invaluable in the pedogenesis of

these metabasics. Atypical example of the following mineralogical changes is

the metabasic body at milestone 75/0 along the Uttarkashi road:

(i) Calcic plagioclase- albite(sodic oligoclase)+zoisite+sericite+quartz

(ii) Pyroxene- hornblende- biotite -chlorite

(ill)Ilmenite -leucoxene -sphene.

5,5-1 caldc Plagioclase-albite(sodic oligoclase )+zoisite+sericite+qoartz

Profound saussuritisation or low grade metamorphism of original calcic

ns
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plagioclase laths (labradorlte-Anr^) has produced an aggregate of minerals

which, in many cases, simulate 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(An ) but the

forraer^An _) is more common. Sericite is seen alon^ the cleavages and twin

planes.

With increasing metamorphic effects, the plagioclase laths appear leas

distinct and a few new minerals are formed due to the chemical reaction

between the plagioclase and mafic minerals. In the initial stages,epidote

appears as fine granules around the plagioclase laths. At this stage,scattered

xenoblastic calcite also develops in a few cases. With the appearance of

foliation, zoisite of plagioclase laths disappears and give place to epidote

and calcite.

Wiseman(1934) observed that albite (An. J is the characteristic plagio-
changes to a more calcic plagioclase with increasing

clase in the chlorite zone and/progressive metamonMsm of the basic rocks ir.

the garnet zone (also Philips,1930). Accordingly, Wiseman suggested that

anorthlte of the original basic rocks is partially or completely used in the

formation of epidote and albite.

3 Ca Al2Si20 + CaO + IL/) - 2 CajAlj (SiO^OH

4 Ca Al2Si20 +«20 - 2 Ca2Al3<Si04)'OH*Al203+ 2 S102

Que to a change in • plagioclase composition, the following authors

have successfully worked out the grade of raetamorphism of the basic rocks:

(i) Transformation of albite-epidote assemblage to a lime plagioclase

from epidote-araphibolite to amphibolite fades (Eskola, 1939; Sarth,1951;

Raraberg,1952).

(ii) Abrupt change of albite(AnQ ) to oligoclase (An, __) (Turner,1958;

Noble,1962) and a sharp break from An to An (de Waard,1959), An to An^
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(Lyons,1955) and An12 to An (Compton,1955) in the plagioclase composition

of the metamorphosed basic rocks from the green schist to almandlne-amphl-
i

bolite fades.

In the Michigan and verraont-Hampshire terrains, albite is 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

'TMte,1950).

Thus the plagioclase composition(An_ ,q) in the metabasics of the

Uttarkashi region indicates that these are mostly metamorphosed to green

schist fades though a slightly higher grade is also indicated by sodic oligo

clase (An.-).

The metabasic at Maneri in the Garhwal Group near the Central Himalaya

is marked by calcic oligoclase(An ) thus indicating a higher grade of

metamorphism. This can be placed in the staurolite-quartz subfacies of the

alraandlne-amphiboilte facies(Turner,1958, p.229.)

In the Lesser Himalayan region of Pithoragarh,Valdiya(1965) observed

albite in the metabasics of the basal Berinag Quartzite sequence while '

main bulk of the basic rocks is metamorphosed to biotite zone with oligo-

clase-andeslne (An g_3^) 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 Belt.crystalline zone and thrust bound

basic rocks of the Kumaon region (Helm and Gansser,1939,pp.52-61).

Zoisite and sericite are common in the raetabasics of the oresent area.

Its paragenesis may be represented by the following eruation (Deer.et al.

1963b , p.190).

3 Ca Al2 Si208+Ca <0H>2 - 2 Ca^ Si^COH)

Anorthlte Zoisite
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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 (actinolltic)-- fibrous pale green hornblende — brownish green

biotite — green biotite — pennlnlte —chlorite (undifferentiated).

In the initial stages, a fine ocicular pale bluish green uralite forms

around the periphery of augite where the metamorphic effects are incipient.

But in a fewcases the relict augite has been observed partly or completely

enclosed by brown hornblende which appears to be pseudomorph after augite.The

cleavage directions are generally common to both augite and brown hornblende.

In the second stage, the prismatic and fibrous variety of bluish green
-tic

and green actinoll/_ hornblende 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 actinolltic variety

completely replaces the brown hornblende and in th^t case, it encloses

relict augite or may even replace augite. Generally the bluish green actino

lltic hornblende becomes pale green and fibrous near the margins and gradually

looses its colour.

In the next stage, the brownish green biotite develops ts fine grained

flakes along the cleavages and periphery of bluish green hornblende. It

appears to have formed earlier 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 seen.

The last mineralogical transformation in the series is the formation of

two varieties of chlorite i.e., penninite and prochloriteCordinary chlorite).

°erninite has been observed along the cleavages and periphery of the bluish

green actinolltic hornblende and is also interfoli ted with the green fibrous

hornblende. The orochlorite occurs as fine flaky aggregates along periphery

or cleavages of green hornblende and biotite.

(i) Uralite - Uralite,an aclcuiar 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 (uraiitisntion) may take place by the

following processes:

(i) Hydrotherraal activity during the late stage of crystallisation of

magma (Deer.et al., 1963a,p.307; Hatch, et al.,1951,p.298).

(ii) Retrogressive dynamic and thermal metamorpMsm(H.arker, 1950,pp. 107,

174,357).

(ill) Low grade regional mota-orpMsm (Wiseman, 1934).

The presence of uralite in the raetabasics along cracks,cleavages and

margins of augite indicates that uralite has possibly formed due to the

hydrotherraal action of w^ter enriched magmatic fluidstor during the initial

stages of metaraorphlsm.

(ID Actinolite and hornblende - Avariety of hornblendes are developed

during the raetamorphism of the basic rocks in the green schist and almandine-

amphibolite fades and have been extensively used in the metamorphic conation.

Though a strongly pleochroic,dark bluish green hornblende has been

observed directly forming frora pyroxene in the initial stages of metaraorphlsm
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(Sutton and Watson,1950,1951), a pale green to bluish green actinolltic

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; Wiseman,1934) and thus resembles with those frora the metabasics

of the area.

Generally, the colour of hornblende is related to the grade of metaraor

phlsm (Deer.et al.,1963 a,P.307). A pale green actinolite is characteristic

of the lowest grade raetamorphisra ^nd coexists with hornblende while the bluish

green and greenish brown hornblende are typical of intermediate and higher

zone respectively (Wiseman,1934; Eskoia,1952; James,1955; Shido,1958;Engel &

Engei.1^62.

Wiseman (1934) suggested a simultaneous origin of hornblende and chlorite

from the original pyroxene and feldspar in the SW Scottish Highland epidlo-

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 regional metaraorphlsm, the anorthlte raolucule 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 grade metamorp'-ism 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 chlorite,calcite . biotite and

white mica(Wlseraan, op.cit.).

The raetabasics frora the area develop different amphiboles under low

grade metamorphic conditions. The brown hornblende is fringed by a bluish
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green actinolltic 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 amount which is later converted to the

characteristic actinolltic variety. In the present case,the actinolltic

hornblende has been apparently found developing from (l) augite, (ii)brown
and chlorite from (1) augite,(ii) brown horiblende,

hornblende,£(iii) bluish green actinolltic hornblende and (iv) green biotite.

Hence It is difficult to point out precisely the products of progressive and

retrogressive metamorphism which appear to be closely related (cf.,Pande,

1949).

The emplacement of basic rocks along the thru-ts and shear zones during

the orogenic movements will evolve intense retrogressive metamorphism 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 and albite thus

indicating profound retrogressive metamorphism.

A higher grade of metamorphism is indicated by -lore intense colouring

of hornblende in metabasic at Maneri which can be placed between upper

biotite and garnet zones.

(HI) Biotite - Various shades of biotite have been observed due to

hydrothermal alterations(Schwartz,1958), dynamic (Wiseman,1934) and

thermal -regional metamorphism of the basic schists(Tilley,1924,1926;

PhilUps,1930; SMdo,1958; Miyashiro, 1958; Engle and Engle,1962).

The characteristic biotite from the area is brornish green, and green,

though the oyrogenic deep reddish brown biotite is occasionally present in

the metabasics at Rari. As has been previously mentioned, the brownish
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green variety appears to have preceded, the green biotite and develops frora

bluish green actinolltic 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 in the chlorite and biotite zones (Valdiya,1965),

It is also likely that biotite and chlorite retrograde after hornblende ln

the raetabasics of the present area(cf., Pande,1949).

^iv^ Oblorjte - The chlorite rich assemblages in the low grade metamor

phosed basic rocks are widespread (Wiseman,1934; Tilley,1938; Hutton,1940;

Jamesi1955; Shldo,1958; Miyashiro,1958) and appear to be dependent upon the

accessibility to H20 + C02 soiutions(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 possibly formed during the progressive metamorphism

along with hornblende in these metabasics. The other types which appear to

have been derived from hornblende and biotite might have developed during the

retrogressive phase (Wiseman,1934; Pande,19491 Tilley 1938) opined epidote

as the raost likely source for the alumina needed in the formation of chlorite.

Actinolltic hornblende + epidote — chlorite + CaO + S10

5.5-3 Ilmenite — leucoxene — Sphene

Another mineralogical transformation includes ilmenite of the origin-1

basl rocks. It develops skeletal bars in the brownish leucoxene mass in the

metabasics and sometimes changes to granular sahene.
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5.6 METAMORPHIC TRENDS

The various authors have worked out different raetamorphlc trends in the

basic rocks after Teall's (1885) observations on the transformation of a

dolerite dyke into amphibolite. Wiseman (1934) identified following three

zones in the normal trend of metamorphism of basic rocks:

(i) Chlorite and biotite zones - chlorite,pale green hornblende, .epidote,

albite; igneous textures preserved,

(ii) Ga-net zone -oligoclase- andesine,dark green hornblende; original

textures destroyed,

(iii) Sillirainlte zone - diopside, garnet; original textures destroyed.

Wiseman*s(op.cit) normal trend of metaraorphlsm of basic rocks have been

found widely occurring in other parts of the worldCfilley,1938; Eskola,1939;

Turner,1948; Pande,1949; James,1955; Shido,1958; Miyashiro,1958;Barnes,1959;
dark

Das,1968). On the other hand, Sutton and Watson(195i) observed/bluish green

hornblende and andesine directly developing from pyroxene and plagioclase

in the initial stages of metamorphism with the preservation of the igneous

textures. In more advanced stages(stage 4), the metamorphic trend merges with

Wiseman's normal trend with the formation of andesine,dark bluish preen

hornblende with marked schistosity and lineation.

Turner(1935) observed different green schist mineral assemblages in the

basic rocks under varying HO and C02 conditions. The failure of basic rocks

to respond; to metamorphism of the country rocks Is 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 present area show the normal trend of Wiseman(1934)

with minor differences and develop the following mineral assemblage:
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Pale-

/bluish green actinolltic hornblende - albite - oligoclase - chlorite-

epidote - ( brown hornblende- quartz - biotite - calcite- il«enite>.

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 follows:

(i) 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 ;. Kanwar, 1966,1969; Pande and Chadha.1969).

(ii) Contemporaneous emplacement of basic rocks during sedimentation as

ophiolites(Gansser,1959, 1964;Valdiya ,1965) and tuffs (Misra and Banerjee,

1967).

(iii) Technically control led occurrences 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 metaraorphlsm 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 frora Dwarahat-Chaukhutia

area in the western part of Almora-Dudotoli thrust sheet.
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Helm and Gansser(1939,p.49; Auden(l937), Durta (1968) and Pande (1968)

observed many metamorphosed intrusives in quartzites of the Chamoli and

Pithoragarh districts. Auden(1949) emphasised their amygdaloldal character

in the Deoban-Tejam Z^ne in comparison to their ron-amygdaloldal nature

in the Simla-Krol Belt.

(ii) Contemporaneous with sedimentation - Recently, Gansser (1959,1964)&

Valdiya (1965) viewed some of these basic rocks of the Deoban-Tejam Zone

in the Kumaon region as ophiolites being pens contemporaneous 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-opbiolitic

in character.

(Iii) Tectonically controlled occurrences - Ar interesting feature of

the geology of the Kumaon region is tectonically controlled occurrence of

some of the basic rocks along the thrust planes and shear zones. Helm and

Gansser(1939), Gansser(l959,1964), Valdiya(1962,1965),Das (1968 and Misra

and Banerjee (1968) observed that Almora-Dudotoli,3aiin~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 quartzites and calcareous rocks of the Deoban-Tejam Zone in Bagesh-

war-Pithoragarh areas are sometimes marked with the metabasics(Valdiya,1962,

1965; Misra and Banerjee,1967,1968), these appear to be faulted along which

the metabasics are emplaced ln the Kanalichina area(Pande.1968).

5.7-2 Moi-abaslcs of the present area - The present area shows widespread

development of metabasics which are mainly confine^' to the Garhwal Group

rocks. These have been observed as (i) concordant and discordant intrusive

dykes
sills and£(ii) tectonically emplaced metabasics,

I

Many of the smaller metabasic bodies are broadly concordant as these

generally follow the strike of the country rocks bu: show angular
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discordance in the amount of dips. The examples of such bodies are (i) meta

basics at milestone 75/0 on the Uttarkashi road (Map 6 ) and (ii) metabasics

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 is

noteworthy that Misra and Banerjee(1968) observed that "very often these

basic ro'ohs show structural discordance with the metasedimentaries ..."

in Bageshwar area.

The contact effects are generally lacking! upon 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 Formation (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 field 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

is 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.

(ii) Metabasics were intruded along a pre-existing zone of thrust

plane.

(iii) 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 Ls 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 « 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 relationships 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,along the
northern margin of the Uttarkashi Thrust between Hinna,Netala.Gangani and at

along the southern margin
Sankrona/Jhough the lithology is almost the same, the raetamorphlc effects
are rainiraum 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 were intruded along a zone of

weakness and later metamorphosed.

(ii) Lithological contacts,faults and fold axes are some of the other

possible zone of weaknesses in the Dunda and Uttarkashi Formations but there

is no development of raetabasics along these a.ones. This bespeak in favour

of the first possibility that the metabasics are emplaced during the thrust
movements.

(iii) 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 if

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 impersistently occur along the Dharasu and Main

Central Thrusts and Indicate a similar mode of eroplacem nt.

The smaller metabasics e.g., at milestones 75/0 and 80/0 along 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 takento

work out detailed structural features which may be useful ln deciphering

their mode of occurrence.

Gansser(1959,1964) and Valdlya(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).



T A B L E -13

COMPARISON OF IMPORTANT CHARACTERS OF OPHIOLITES AND METABASICS

OF DEOBAN-TEJAM ZONE.DIST. UTTARKASHI.U.P.

OPHIOLITES (AUBOUIN,1963)

(1) Ophiolites 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?
peridotltes,pyroxinites,gabbros,dlorites and
quartz diorites.

(2) Fine grained basalts and spillites enclose coarse
grained rocks.

(3) Ophiolitic magma pours directly upon sea bed contem
poraneous with sedimentation.

(4) A thick shell of 8pillites 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) Typical association of ophiolites with radiolites
in ophiolite-radiolite series or diabase-radiolite
series.

PRESENT AREA

(1) Basic rocks are mainly fine to medium grained
doloritic rocks which now occur as metabasics;
rarely araygdaloidal.

(2) Fine grained near 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 eugeosynclinai sediments
like bedded 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.

i

to
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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 ophibollte 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 these 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(Valdiya,1968).

5.8. THRUSTING IN RELATION TO MYLONITES.METAMORPHISM AND METABASICS

Valdlya(1965) observed an increase in the grade; of metamorphism of

metabasics towards the top of the Berinag Quartzites In the Pithoragarh

region and regarded that most of these were metamorphosed to biotite and

gamed?) 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 t 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 Formation 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 similar

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 Himalaya, 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 ?one 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 younper movements(cf.,

Read,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! Example of such
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TABLE -3-4

CHARACTERS OF SOME IMPORTAWT THRUSTS IN GARHWAL.U.P,

MAIN

CENTRAL

THRUST

UTTARKASHI

THRUST

DUNDA

THRUST

SINGUNI
THRUST

DHARASU

THRUST

BASUL

THRUST

Impersistent chlorite schists; increase in metamorphic effects
towards top in Quartzite Formation near thrust;development of
foliation,micalineation and quartz sericite schists.

Persistent raetabasics;raetamorphlc 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 mylonitlsed quartz and feldspar porphyry;increasing
metamorphic effects towards the sole of thrust in Quartzite
Formation;schistose sericite quartzites; development of foliation
and mica lineation.

Impersistent metabasics;increased metamorphic effects in Dharasu
Formation along thrust zone; crushing of rocks;

Sericite quartz schists and schistose quartzies in thrust zone;
increase in metamorphic effects; development of foliation and
mica lineation.

TONS THRUST Fault breccia and crushed slates;lack of metamorphism.

KROL

THRUST

Fault breccia,crushed Ch«*idpur phyllites ;friable carbonaceous
matter; lack of raetamorphisra; typical of other thrusts in foot
hills.
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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 emplaced during the thrusting movements and must have facili

tated such movements.

Table 14 summarises some of the features 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 Calc Zone of Pithoragarh<cf,, Gansser,

1959,1964; Valdiya,1965) implies a Precambrian to Lower Palaeozoic age for

such intrusions. The presence of basic tuffs in the metasediments(Misra and

Banerjee,1967,1968) also reflects the same age for the metabasics.

Pilgrim and West (1928), Kanwar (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

Simia-Krol Belt.

A study of published literature reveals that the basic rocks have not been

observed in the Tertiary formations (Nuraraulitics,Subathus and Siwallks) of

the Garhwal Himlaya. Further, most of the thrusts and faults 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-

Te iam Zone of Garhwal and Kumaon area are characterised by such occurrences.

As has been discussed earlier,the tectonically 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 tc

Upper Cretaceous to Eocene (Krishnan 1960,p.490; W*dia,1964; West and Wadia,
1964). The absence of basic rocks from the Tertiary formations indicates a

Possible pre-Tertiary age for their intrusions in Garhwal. It may be worth

while to correlate (i) a probable pre-Tertiary age of the basic rocks,(ii)
tectonically controlled occurrences along many thrusts and shear zones in the

Deoban-Teiam Zone and (iii) their absence frora the Krol and other thrusts and

faults of the Outer and Sub-Hiraalayan 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 metaraor

phlsm 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

°f Himalayan Orogeny.

3. Minor angular discordance in many of the metabasics with Country

rocks indicate t^eir possible localisation along shear zones.

4. The absence of pillow lavas and typical ophiolitic characters in the

metabasics and their emplacement during the thrusting suggest that these were
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not contemporaneous with the sedimentation.

5. Many of the thrusts in the area are marked with metamorphism,

metabasics or show development of mylonites in contrast to the occurrence

of shatter rocks and fault breccia along thrusts of the Foothills and

Sub-Himalayan 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.



CHAPTER- 6

£I£I^SNTOLOGICAL STUDIES

PART - I IKSOLUF.T.E REST QUE AND CHEMICAL ANALYSIS OF CAR30KATES

6,1 INTRODUCTION

The unfossiliferous carbonates in the Deoban-Tejam ^one comprise

limestones,dolomitic limestones,dolomites and magnesites and have been grouped

into Deoban Limestone, Shali Limestone(lower and upper) of the Shali Series,

Calc Zone of Teiam 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, Khattukhal Lim-stone.Bangaon Limestone and Lower and Upper

Uttarkashi Limestone members of the Uttark-shi Formati-n. The field characters

and petrography of these rocks have already been described in Chapter 2. Here

the insoluble residue and chemical characters of some of the carb natec re dealt

and an attempt is made to find out a possible criterion for their correlation

with other carbonates of the Lesser Himalaya. For the Purpose, 39 samples

fro-n tv>e Dichli Dolomite, Khattukhal Limestone and Upper Uttarkashi Limestone

have been studied for their insoluble residues and oc these, 26 samples have

been partially analysed for their calcium and m-^nesium contents.

6.2 INSOLUBLE RESIDUE

6.2 -1 PREVIOUS HOP.K

In the Mussoorie region, Raju and Bhattacharya(1962) have recently

confirmed the lithological classification of the Krol Series as proposed by

Auden (1934 a). Prakash and Singh(1958) have worked out residue character

of the Tal Series in Nilkanth area n:.ar Rishikesh,, U.P.,while sorne localised

studies on insoluhles have also been carried out in the Calc Zone of

Pithoragarh by Valdiya (1965), Kumar (1967), and Misra and Banerjee (1968)-
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6,2-2 METHOD OF STUDY

In the present work, the technique of insoluble residue separation

described by Ireland (1936) and Twenhofel and Tyler(1941) and terminology

of Ireland (1947,1958) has been adopted. In brief, about 10-15 gm. ?f

rock samples has been dissolved in dil.FCl. This has been followed by

washing, drying 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

petrograohically. The relative distribution of the insoluble residue is

shown in Table 15.Figure 64 presents the data graphically.

6.2-3. DESCRIPTION

General Characters: (i) Colour - The colour of the insoluble residue

a

varies from almost white to grey and black but in/few cases it is even

puroie, green and brown. The Dichli Dolomite insolable is predominantly white

with occasional shades of light grey and purple, 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 is characterised by higher

percentage of insoluble between 6.69 to 52.53% and averages 24.27% while

the Khattukhal and Upper Uttarkashi Limestones carry 0.00 to 33.377, and 3.33

to 32.57% with an average of 11.267 and 11.25% respectively.

Arenaceous Material : (i) Detrital sand (loose) - Detrital sand is

mostly confined to the lower parts of the Dichli Dolomite and is absent in

the insoluhles from the limestones. It comprises mainly subangular to veil

rounded frosted quartz grains varying in size from 0.8 to 0.06 mm. In

general, the ' grains are transluscent to opaque,pitted and ellipsoidal to

/
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spheroidal in shape (Fig.207). In thin sections, the margins of gfrains'

are embayed and lobed due to the replacement by dolomite(Fig.206). A few

rounded and Pitted tourmaline grains are also observed.

(ii) Detrital silt (loose) - Subangular to subrounded, moderately sorted

and frosted silt size quartz grains are also seen in a few residues of the

Dichli Do'omite.

(iii) Aggregates - White and Pink coloured, poorly to well consolidated

aggregates in a few residues from t'->e Dichli Dolomite consistof subrounded to

well rounded frosted quartz. The oink colour is due to iron oxide coating..

In thin sections, the well consolidated fragments show secondary overgrowths

of silica which also acts as a 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 needles 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 average clayey fraction in the insoluble is relatively higher in

the Khattukhal and Upper Uttarkashi Limestones than the Dichli Dolomite and

is 5^.00, 72.63 and 14.03% respectively.

(ii) Shale fragments - Buff, purple, brown and greyish green coloured

shale fragments are noticed in a few insolubles. The shale is friable,porous,

granular and olaty in character.

Quartz -It is ubiquitously 'present in minor aaiounts and is characteri

sed by two varieties:(a) small, transparent,anhedral to subhedral rock

crystal (b) anhedral, white, opaque, quartz pieces with partially developed

pyramidally terminated crystals (drusy quartz).

/
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Chert - Chert is an important constituent in the residue and occurs as

(a) hard.opaque, white raised plates as joint fillings, (b) granular,black

fragments,(c) white-grey-black, porous, sponge like chalky masses which are

most abundant.

Older low magnification, the granular and platy chert display fine

grained,Polygonal quartz mosaic while the chalky chert is resolvable only In
the high magnification and consists of microcrystalline quartz and greenish

sericite-chlorite needles.

Pyrite -Small quantity of pyrite is present in the residue frora

Upper Uttarkashi Limestone and to a lesser extent in the Khattukhal Limestone.
(1) . .

It is rare in the Dichli Dolomite. Pyrite o-curs as/_sraall bronze coloured cubes,

pyritohedrons and aggregates, (ii) finely disseminated specks in chert .

Carbonaceous- material - It is d rk brown to black in colour as exceedingly

fine masses and marks paper black.

6.2-4. INSOLUBLE RESIDUE Z0N3S

The variations in the insoluble residue assemblages, percentage of

residue and clayey material suggest that these liraestones may possibly be

divided into eight Possible zones. Their vertical and lateral extension could
not be established due to lack of properly exposed stratigraphical sections.

Dichli Dolomite -The stratigraphical sectioneloog right bad, of the

Dichli Gad gives four possible zones in the formation (Fig. 65 >•

Zone -1 -The lowest zone of the Dichli DolomJte lies above the

Quartzite Formation and consists of detrital quartz as loose grains and

consolidated aggregates. The residue is about 49%.

7one 2-The next zone is low in residue content(about 7%) and consists

of white, granular and chalky chert.

/
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Zone 3 - Comprising about 36% residue, the zone is diagnosed by white

quartz nieces ''1th minor amount of rock crystal, drusy quartz, white chalky

chert and rounded quartz.

Zone 4 - The insoluble in the upper most zone averages 10% and is

marked with white chalky chert with minor amount of sand and silt aggregates,

white granular chert, quartz and shale fragments.

Khattukhal Limestone - The Utterkashi road section at milestone 76/0

reveals two possible zones (Fig.66).

Zone 5 - The zone is characterised by grey chalky and black granular

chert and yields upto 33% insoluble 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 is 5% containing 607 clayey material.

Uttarkashi Limestone - The Upper Uttarkashi Limestone meaber at Tekhla

gives 2 possible zones(Fig. 67).

Zone 7 - The lower zone is diagnosed by grey chalky chert with rainor

amount of black chalky chert, rock crystal and drusy quartz yielding about

15% insoluble having 68% clayey content.

Zone 8 - The upper zone is marked by black chalky chert with 7.7%

insoluble containing 92% clayey material.

6.2 -5 DISCUSSION

The importance of work on the insoluble residue in the identifi

cation, stratigraphy and correlation of the carbonate rocks cannot be neglected

in these complex Lesser Himalayan sequences. A review of the literature

indicates that the most extensive work on the insoluble residues Las been

carried out in the Palaeozoic carbonate sequences of the Interior Basins of

the United States between the Appalachian and Rocky Mountains and has

/
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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

Hendricks,1945; Grohskopt and McCracken,1949; McCracken,1955; Edwards,1957;

Willard,1961; Carpenter and Schmidt, 1962).

Martin (1931) and McQueen (1931) elaborated method of preparation,

terminology and application of insolubles in the surface and subsurface geology

for the correlation and identification of Palaeozoic sequence in Oklahoma.

HIlls(1935) has successfully carried out insoluble r-.sidue work in the Cambrian-

Ordcv ician rocks and has further subdivided the formations into members. The

preliminary work by T7illard0955,lo61), Lessentine (1955) and HiUs(1935) in

the Cambrian carbonates indicates the value of frosted and rounded quarts,

shale and black shale fragments,chert,feldspars,silt and clay in the correlation

and stratigraphy of eastern Pennsylvania region.

McCracken (1955) applied insoluble residue in the subdivision of

Upper Arbuckle Formation of Missoori and southern Kansas into 19 zones and

established their regional validity. He based his irsoluble residue zones

on varieties of residue assemblage, percentage and repetition of their occurr

ences.

Edwards(1957, ln Carpenter and Schmidt,1962) emphasised the quantity of

the insoluble residue as an important' factor in correlation of the Cynthiana

Formation of Ordovician age along the Ohio 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 Kentucky make the correlation impossible.

The extensive work on the insoluble residues from thick pre-

MississiPpian carbonate formations of Oklahoma has indicated its value in

/
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correlation of surface and subsurface strata (Ireland,1936). He Identified

allogenic and eoigenic constituents in the insolubles which have elucidated

the sedimentation and diagenesis of the sediments. Ireland (1958) emphasised

the diagnostic characters of sand and chert which can be differentiated by

colour, lustre, transparency and texture. The insoluble residue work has been

especially useful in Texas, Kansas, Oklahoma,Illinois, Missoorie and Is exten

sively used in correlating thick Palaeozoic carbonates (Ireland,1958).

In the present area, the Dichli Dolomite markedly differs from the

Khattukhal and Upper Uttarkashi Limestones insolubles in the following aspects,

though 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 percentage

of clayey material.

(ii) The light coloured Insolubles, namely white, purplish and greyish

are tyoical of the Dichli Dolomite while dark grey and black residue is obtained

from the limestones,

(iii) Detrital quartz and silt are present in the Dichli Dolomite but

are found absent from the Khattukhal and Upper Uttarkashi Limestones.

(iv) ''bite, platy and chalky chert is common in the Dichli Dolomite

whereas the Upper Uttarkashi and Khattukhal Limestones give a dark grey and

black chalky and granular chert.

(v) Pyrite is abundant in the Upper Uttarkashi Limestone and is minor

in the Khattukhal Limestone. It Is quite rare in the Dichli Dolomite.

Some local investigations of the insoluble residue have been carried

out in some of the carbonate sequences of the Lesser Himalaya.*a*U and Bhatta-

charya (1962) have confirmed the validity of lithological classification

/
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of the Krol Series by Auder (1934a) on the basis of the insolubles along

Rainur-Mussoorie mule track. Accordingly, the Krol C,D and F members are chara

cterised 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,et 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 Ranhotra,1959).

Valdiya(1965),Kumar(1967) and Misra and Banerjee(1968a)reported

authigenic quartz, chert, pyrite and clayey minerals in the carbonates of the

Calc Zone of Pithoragarh from Pithoragarh,Ganai and Bageshwar areas. It is

noteworthy that the insolubles from the Dichli Dolomite resemble with

Gangolihat Dolomite residue. Moreover, the insoluble residues from the present

area and Calc Zone of Pithoragarh area higher ir percentage in contrast to its

low Percentage 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 Deoban-Taiam Zone.

6.2 -6 GENESIS 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 typical insoluble residue if the clastic conditions,

provenance, transportation and sedimentary environment remain constant during

its deposition (Ireland,1958). The slight changes 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

controversiaKlreland,1947,1958).However, the genesis 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 ) indicates 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 imourities(Ueller,1960; p. 173)

in insoluble residue from the Dichli Dolomite while the light Purple shades

indicate exceedingly small quantity of hematite (cf.,7ettijohh,. 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

sulphide or carbonaceous matter preserved in the reducing environments(WeHer,

op.cit., p.173; Carozzi,1960, p.319). A few residues mark paper 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.

Arenaceous 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

(Uel'er, op.cit., p.92; Petti John,1957,p.70), (ii) scrur action in agitated

waters (Anderson,1926), (iii) incipient quartz overgrowths (Roth,1932),

(iv) pressure solutions along the grain contacts (Heald, 1956), (v) differen

tial solution of grain surface by percolating groundwater (Pettijohn,op.cit.^

0.70) and (iv) marginal replacement of quartz by carbonate minerals (Haald,1956;

Walker,1957; Pettijohn, op.cit.,p.70).

/
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Thus, it appears possible that frosted rounded quartz in the Dichli

Dolodte had long abrasion history producing spheroidal and ellipsoidal grains

which might have been frosted during the transportation. The frosting has been

definitely more pronounced due to the marginal replacement of grains by dolo

mite as observed in many thin sections.

Chert - '7hite granular chert in the Dichli Dolomite residue occurs in

thin plates as joint fillings. The source for secondary silicification appears

possibly the marginally replaced detrital quartz (WaSter, 1957) which has

supplied 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

ln the Khattukhal Limestone. In thin sections, greyish microcrystalline chert

replaces and merges with fine grained, partially developed calcite

rhombs. After the acid treatment, calcite dissolves away and produces

chalky chert which sometimes grades to compact granular waxy chert.

Patterson and Von der Borch(1965) reported direct precipitation of chert

as ooal christobalite gel in the lakes of South Australia,Sievers(l957) opined

that the connate water contains silica SKOH)^ solution which upon crystalli

sation produces small euhedra and microgranular chalcedonic aggregates in

the limestones.

Pyrite - Carozzi(1960, p.346) stated that "microscopic examination of

the black limestones shows that the association of oyrite with CaCOg and with

organic mattedreoresented by carbonaceous residue) is avery general one".

The source of sulohide appears to be the nitrogenous content of organic

matter under the reducing conditions. ^n the limestones, he also found an

intimate association of oyrite and calcite and indicated that "the formation

of pyrite preceded the crystallisation of carbonate or at least

t

*

J
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Chemically, the Khattukhal Limestone bears strong resemblance with the Upper

Uttarkashi Lira stone and differs with the Dichli Dolomite which contain high

MgO percentage.

6.4 MAGNESIUM ,INSOLUBLE RESIDUE IIELATI0N3HIP

In recent years considerable attention has been paid to the MgCinsoluble
CaO

residue relationship and its bearing on the proceSf of doloraitisation. Many

studies have shown a direct relationship between high magnesian and high insolu

ble residue content (Lesley,1879; Steidtmann,1917; Decker and Merritt,1928;

Roy, et al., 1955; Chilingar, 1956 a,b; Fairbridge,1957; Bisque and Lemish,

1958,19^9; Murray, 1^60; Dunbar and Rodgers,1961; Schmidt,1964).

Steiitmann(1917) noticed that the pure limestones and dolomites contain

relatively less insoluble residue than the dolomitised limestones which Inve a

higher proportion of the residue. Decker and Merritt(1928) observed higher

imourities with a higher magnesian content from Arbuckle Group of carbonate

rocks in Oklahoma.

Increasing impurities with a higher magnesian content has baen noticed by

Roy et al. (1955) from Mississipoian rocks of Iowa, ?airbridge(1957)and Dunbar

and Rodgers(196l, p.223-224) plotted data published by Lesley (1879) and

suggested an increasing tendency in the insoluble residue percentage with

higher MpCO for a section of Ordovician rocks of Pennsylvania.

Chilingar(1956 a) demonstrated a high insoluble-dolomite relationship and

suggested high Ca ratios with higher percentage of chert,stringers and
Mg

nodules in the limestones but this data do not represent Ca - insoluble
Mg

residue relationship (Chilingar,1956 b).

^isoue and Lemish(1958) related the mapnesian content with insoluble

residue percentage and established a high insoluble-high magnesium relation

in Devonian Cedar Valley Formation as well as in the concrete aggregates of
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carbonate rocks, bisque and Lemish(1959) observed the presence of illite,chert

and oyrite in the insoluble,though a relationship between clay minerals and

insoluble has not been studied. Similarly Folk (in Hatfield and Rohrbecker,1966)

established a higher average insoluble content in the more dolomitic beds of

the Axemann Formation in Pennsylvania.

Similar studies by Murrary (1960) in the Charles Formation (Mississippian)

at Saskatchewan demonstrate that a high insoluble percentage containing large

amount of si't and clay size quartz(not clay minerals) is associated with higher

dolomite percentage. Schmidt(1964) also noticed an increase in dolomite content

In the Gigas beds(Jurassic) of Germany towards the northern boundary of Saxony

Basin and correlated it with increasing clay content. An increase in magnesian

content is recorded towards the top of a dolomitised horizon succeeded by scales

in a Devonian reef in Ludec oil field Caring and Layer,1950).

On the contrary, Goldich and P-»rmalee(1947) reported a complete lack of

insoluble-dolomite relationship in the Ellenburger Group (Ordovician) in Central

Texas and a similar lack of relationship has also been noticed by Zenger(1965)

in the study of the Lockoort Formation (Hiagran) in New York. Hatfield and

Rohrbecker(1966) also recorded a complete lack of dolomite/calclte ratio with

quality or quantity of insoluble residue throughout the Devonian Ten Mile Creek

Dolomite of NW Ohio.

A detailed examination of the Published literature also indicates a lack

of any established relationship between high magnesian content and clay minerals.

The high magnesian-high insoluble percentage as described earlier does not

necessarily indicate a corresponding high percentage of clay minerals in the

insoluble (Hatfield and-Rohrbecker,1966). The possibility of clay minerals

providing the necessary magnesian ions for the transformation of limestones

to dolomites has been elaborated by Parkers(1957), Zen (1959) and Kahle(19&5).

The possible mechanism.for the transfer of magnesian ions appears to be
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(i) ionic exchange of magnesium from magnesian bearing clay minerals(Zen,1959;

Kahle,1965), (ii) clay minerals acting as semipermeable membranes to impede

migration of magnesian Ions and (iii) to act as nucleus for crystallisation of

dnlomIte(kahle 1965). This possibility 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 indi

cates lack of correlation between high insoluble-high magnesium content(Fig. 68 )

Moreover, a high clayey content and low insoluble residue percentagc(Fig. 69)

and low MgO - high clayey content in the insoluble (Fig. 70)are suggestive from

this study. Fig.71shows lateral and vertical variation between MgO -insoluble
CaO

residue and clayey content in the residue from the different sections.

6.4-1 OTHER AREASOF LESSER HIMALAYAS

Some localised data on the chemical and Insoluble residue studies are now

available from Gale Zone of Pithoragarh (Valdiya,1965; Kumar,1967; Misra and

Baneriee, 196^.) jrroilimestone (Raju and Bhattacharya, 1962; Mehta et al.1963) and

Tal limestone (Prakash and Singh, 1958; Singh and Ranhotra, 1959)'(Figs.72,73,74

^ 7the' ^ Pl°tting °f the avallable ^a °" MgO and insoluble residue indicate
that / Calc Zone of Pithoragarh,like the caro-maccs of the present area shows

a complete lack of any relationship between MgO - insoluble residue percentage

(Fig. 72) and it appears possibly to be characteristic of the carbonates from

this inner sedimentary Deoban-Te4am Zone.

Raiu and Bhattacharya (1962) reported an appreciably low insoluble residue

in the highly dolomitised Krol 0 and E members of the Krol limestone (Fig. 73 ).

A similar study of the Krol C member by Mehta, et ale,(1963) frora the Mussoorie

area gives very low insoluble residue percentage in the limestones or slightly

dolomitis.ed rocks (trig.74). The Tal limestones ,on the other hand, contain high
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Insoluble residue averaging about 30% and are characterised by exceedingly low

MgO percentages (Fig. 75) (cf. Prakash and Singh,1958; Singh and Hanhotra,1959).

6.5 CONCLUSIONS

The present study deals only with a few chemical and insoluble residue data

and should be carried out more extensively in other carbonate sequences of the

Lesser Himalaya before any regional correlation and zonation is attempted.

However, tds study brings to notice the following worth mentioning characters:

(1) The chemical and insoluble residue characters of the Khattukhal and Upper

Uttarkashi Limestones resemble with each other and may hence suggest a possible

correlation. On the other hand, the Dichli Dolomite differs petrographiesIly as

well as in chemical and insoluble characters but resembles more with the Qangoli-

het Dolomite of the Cilc Zone of Pithoragarh.

(2) The carbonates of the present area do not show ?ny relationship between

insoluble residue and magnesium content, like the carbonates from the Calc Zone

of Pithoragarh. This may probably be characteristic of carbonate sequence of the

Deoban-Te}am Zenc.

(3) The analysis of data frora the Krol and Tal limestones of the Simla-Krol

Belt from some localities indicates that the Krol C member is characterised by

low MgO-low insoluble residue percentages. The Krol D and E members give a

high Mg0 - low insoluble residue percentages. On the other hand, the Tal

limestone show hiph insoluble-low Mp-,0 percentage.

(4) The study Indicates that the insoluble residue-magnesian relationship in

carbonate sequences of the Lesser Himalaya is characteristic of the individual

formation and should be confirmed on the regional basis. This may possibly form

an important criterion in correlating these unfossiliferous and complex carbonate

sequences.
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2. £ 5. 1 - Ii HEAVY MINERALS

6.6 INTRODUCTION

The accessory heavy minerals(specific gravity greater 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 problems. The

sensitivities of the heavy mineral associations to the geological processes

have contributed to the stratigraphical identification,classification and

correlation of horizons, tracing the tectonic history of source and depositional

areas,palaeogeographical conditions and petrogenic characters of the source

rocks (Milner,1962).

The heavy minerals have been particularly useful in the >ost-tectonic

molasst type of sediments viz., Siwalik System of the Himalaya. Though the

other Tertiary formations in* Outer and Lesser Himalayas have recently been

locally analysed for their heavy mineral suites, the data is almost lacking

from the pre-Tertiary formations.

In the following pages, an attempt has been made to work out systematically

the qualitative,quantitative and statistical parameters of heavy minerals

frora the formations of the area.

6.7 METHOD OF STUDY

In recent years some workers have successfully carried out heavy mineral

Investigations by simply crushing the rock samples(Henningsen,1963; Stanley,1964,

1965). ft reduction in the heavy mineral accuracy has been noted for flysch

tyoe of sandstones(Stanley, op.cit.). However, the quantitative data on

crushing of various indurated sandstones, especially the orthoquartzites

indicate that it is an easy method and the results of heavy mineral analysis

approximately represent 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 nost 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 sieve to

remove the coarser particles. The sieved fraction is carefully decanted before

boiling with dil.HCl and stannous chloride to remove impurities 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:

(i) Qualitative examin-tion of the residue.

(ii) Counting of nonmicaceous- nonopaque heavy mineral grains.

(iii) 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. Besides, the grain size data for quartz,zircon and tourmaline

have also been obtained from many thin sections of all the non-calcareous

sedimentary rocks including the Quartzite Formation. 30 to 50 undeformed quartz

grains per thin section are generally measured,

(Iv) Regional distribution and stratigraphical variability of important

mineral species, namely zircon and tourmaline. For this purpose, 14 more samples

of the southern Quartzite Formation 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 samples

(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 limit of

the area.
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6.8 HEAVEY MINERALS

6.8-1 OPAQUE MINERALS

The opaque heavy minerals include pyrite and leucoxene. Pyrite is present

in many samples and is authigenic in character. It generally occurs as euhedral

cubes and rectangular crystals. A few grains are also angular and corroded. Many

show orange limonitic coating. Leucoxene is rounded and yellowish white in

reflected light.

6.8-2 NONOPAQUE- NONMICACSOUS MINERALS

(1) Tourmaline - (i) 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 pink, colourless.

Black Dark brown, opaque.

The opaque tourmaline can easily be identified by their black or dark

brown non-metallic lustre ln the reflected light. The difference between green

and brown tourmaline is sometimes difficult in the transmitted light. Strong

condensed light has been used for identifying colour of maximum absorption in

such cases.

(ii) The tourmaline grains vary in length from 0.07 mm. to 0.42 mra.

(average 0.15 mm.) and from 0.03 mra. to 0.30 mm. in breadth (average 0.08 mm,).

(iii) The following three habits of tourmaline have been distinguished:

(a) rare, prismatic, euhedral crystals with single terminated pyramids(Fig.l83),

(b) perfectly rounded,globular to ellipsoidal grains and are most common

(Fi^i85& 186^'c-c^ rare irregular and anhedral crystals with rounded edges

("lg. 180).
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(iv) In texture, most tourmaline grains are devoid of any imperfections and

exhibit smooth rounded surf aces Fig.185 ).However, a few 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 displaced

along irregular planes but the overall grain shape is still preserved. The

fractures are filled with quartz.

(vi) A few grains also develop pitted and corrored surfaces due to intra-

stratal solution at contacts with other minerals.

(vii) Most of the tourmaline grains are free frc\ any inclusions. In a few

grains, the common type of inclusions are (a) globular and elongated cavities

sometimes marked with coloured walls extinguishing along with the grains

(Fig. 178 ), (b) needle-shaped microlites of nonbirefringent mineraKlocally

abundant) (Fig. 182 ). A few grains contain abundant cavities and microlites

^l8s,187^ 188 ) ^ut the others commonly have only 2 -3 such inclusions.

(viii) Delicate overgrowth of colourless to very faint bluish,pleochroic

tourmaline is common (Figs. 181 ,184 ,186 & 188) • The growth is about 0.06 mm. on

an average but rarely exceeds even to 0,16 mra. The overgrowth is invariably

at one end of the grains and has been noticed u^on ail coloured varieties of

tourmaline.

The overgrowths sometime even cover half of the grain

and comprise of frilled margins interwoven with quartz of the matrix (Figs.184

&186). Commonly, It has sharp margins with the grains but sometimes over

growth has a gradation zone (Fig.181). Worn overgrowth of bluish colour has

been rarely observed over very few grains.

(2) Zircon - (i) In transmitted light, zircon is colourless,yellowish

brown and pink in colour. Opaque black malacon zircons are not met with while

the oink hyacinth zircon is very rarely represented in the heavy mineral suite.
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All the coloured varieties are cloudy, milky white,transluscent to opaque

in the reflected light.

(ii) In length, zircon varies from 0.04 ram. to 0.43 mm. while the breadth

ranges from 0.03 to 0.28 mm. The coarsest varieties are generally rounded cloudy

zircons.

(iii) The shape of zircon varies from perfectly globular and ellipsoidal

grains (Sig.193), to prisraatic euhedral grains (Fig.195). Most of the euhedral

grains show varying degree rounded ed^es between the prismatic and pyramidal

faces (wigs. 195&192 ). Only rarely the euhedral grains show no abrasion (Fig.195 ),

The euhedral zircons are characterised by elongated (100) and (110) prisms with

obtuse dipyramids(lll) (Figs.189,195 &196 )and only rarely with (001) faces.

Most euhedral zircons are doubly terminated (Figs.195&196 ) but singly termi

nated pyramids are not uncommon. Further, both the dir,yramidal faces may be

equal in length as well as have a longer face than the other (Figs.192,195&196 )•

(iv) A few elongated rounded and prismatic zircons show fractures which

in some grains are oriented norraal to prismatic faces as basal partings(Fig,194).

(v) A large number of rounded and prisraatic zircons appear turbid and

brownish in transmitted light. Invariably all the coloured varieties show

clouding. In reflected light It is more contrasting as turbid,milky white,

transluscent to opaque portions. Many grains are unifjrmly clouded while others

are partially clouded, more so along the fractures.

(vi) Many unidentifiable inclusions are present in zircons. These are

(a) colourless, globular and ellipsoidal cavities (FJ ps. 184,190 &191)

(b) elongated and needle shaped microlites cf zircon,quartz and other birefringent

minerals.

(vli) Rarely zircons show well preserved corroded margins.



168

(Vffi) whlie only avery few grains show overgrowth phenomenon, none

exhibits outgrowths. The overgrown material is colourless to pale 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 olace over

darker rounded zircon core which varies from elongated ellipsoidal to globular

In shape. Rarely It is euhedral prismatic with sharp edges. In afew grains

the overgrowth takes place by successive addition of material of lighter and

darker material producing characteristic zoning (Fig. 189 ).

(Ix) In the present work,the following varieties of zircon are identified

on the basis of shaoe and transparency: (a) colourless rounded zircon,(b) colour

less prismatic zircon, (c) cloudy rounded zircon and (d) cloudy prisraatic zircon.

(3)Rutile - .It is mostly yellowish brown to reddish brown and occurs as

rounded equldlmensional to elongated prismatic grains. Rarely faint pleochroism

into yellowish and reddish tinge is noticed.

(4) Staurollte - It is colourless to straw yellow and is faintly pleochroic.

Occurring in a few samples, the grains are generally subrounded .equldlmensional

and exhibit Patchy extinction. A few inclusions of iron oxide and rutile(?)

needles have also been noticed.

(5) Andalusite - It has been observed i;^ one samelc. It occurs as subhedrai,

and subrounded colourless grains with nunero-s carboraceous inclusions.

(6) Kvanite -Colourless, elongated, prismatic kyanite appears in a few

samples. The grains show two sets of prominent cleavages at right angles and

are rounded along the edges. The extinction varier from 0-30°.

(7) Garnet - Colourless and pink anhedral garnet has been noticed with

raany quartz and other unidentifiable mineral inclusions. The grains have rounded

edges and show many conchoidal fractures (Fig. 191 ).
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Lon(8) Other minerals - Some of the thin sections of the Quartzite Formati<

contain rounded apatite grains which appear to have been digested during

acid treatment. Rounded apatite, tourmaline and zircon varieties have also been

observed in the Uttarkashi, Dunda, Dharasu, Laluri, Chandpur and Nagthat Formations

during their routine petrographic studies. Tn addition to these, rounded hematite,

magnetite and epidote chracterise the Dharasu Formation,

6.9 RESULTS OF HEAVY MINERAL STUDY

Based upon percentage by number, Tables 18 and 19 summarise relative abundance

of the heavy minerals in the Quartzite Formation from the northern and southern

belts respectively. The last column represents ZTR or resistent index (total

percentage of zircon, tourmaline and rut*la )as defined by Hubert(1962).

A series of histograms have been drawn to represent heavy mineral data

graphically. From their study, the heavy mineral char .cteristics of the two

Quartzite Formation belts have been discussed with the aim to find out whether

the heavy rainerals can form a basis for differentiating otherwise similar quartz

ites. The results may not be definite since only 31 samples have been analysed

from relatively large outcrop in the area, but are strongly suggestive because

of heavy mineral studies of additional samples from the adjoining areas.

The nonmicaceous-nonopaque fraction of the heav} minerals comprises mostly

of zircon and tourmaline of different varieties (Figs, 76&77). In general,while

zircon is about 907o on an average in the northern bel', it decreases to 45% in

the southern belt. On the other hand, tourmaline increases from 5 to 44 % in

the southern belt. These differences are more apparent when studied individually.

6.9 -1 Zlrccn (Fig.78 ) - The percentage of total zircon is significantly

higher in the northern belt than southern belt of the Quartzite Formation.

It is generally above 75% of the fraction and even reaches to 99% in many

samples. Out 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 recorded in all the samples

of quartzites, It is relatively abundant in the northern belt and averages

36% while it decreases to 10% in the 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 southern belt.

Both colourless and cloudy prisraatic 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

ing two belts of the Quartzite Formation.

6.9 -2 Tourmaline (Fig. 79 ) - The northern belt is marked inpersistertly with

subangular brown tourmaline which even exceeds to 63% (sample A/165). Of the

22 samples including those from outside regions of the Bhagirathi and

Yamuna valleys, the brown variety has been recorded in 11 separations but its

percentage is below 3% in most samples. 3rown tourmaline is more than 13% in

only 3 samples and Is subangular in the northern quartzite belt in comparison

to its well rounded globular to ellipsoidal character in the southern belt.

Of the 14 samples from the southern belt, brown tourmaline is present in 10

separations and varies in amount from traces to 46% but most of the samples

contain more than 15%. The type of brown tourmaline and 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 an average it is

15% and equals brown tourmaline in percentage. Green tourmaline has been noticed

in 9 separations of the southern belt.

Although pink tourmaline is present in 7 samples of the southern belt,it

never exceeds 11% and is normally much lowei?(2.3% on an average). Blue and black

tourmaHnes, like the pink variety are confined to the southern belt. Thus pink

blue, black and green tourmaline are typical of the southern Quartzite Formation

belt.

g#9 .3 Other minerals - Staurolite and garnet, 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. Kyanlte and rutile are more or

less uniformly distributed.

6.10 REGIONAL DISTRIBUTION AMD STRATIGRAPHICAL VARIABILITY

The regional distribution and stratigraphical variability of important heavy

minerals are more apparent when plotted on maps (Figs.80 to 87 )• Tbe following

heavy mineral associations have been noted in the Quartzite Formation (Fig. 80):

(i) A northern zone 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.

(ii) A southern zone consisting of zircon and an increasing amount of

tourmaline occupies the large Part of the southern belt outcrop.

For deciphering any systematic regional distribution of important minerals,

the relative percentages of tourmaline and zircon of the two associations have

been plotted by means of isolines whose value increase in geometrical progre

ssion (Figs. 81to 87). For the purpose, the samples frora the adjoining regions

have also been incorporated in the study for better regional patterns.
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Tourmaline gradually increases from 0 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,Dll,-A 15). However, a decrease is noted southeast of

Gamri (sample A /179) while the tourmaline percentage again increases along

the Mandakani valley (sample C4).

The distribution of zircon also presents distinct patterns (Fig.87 ). Most

of the northern belt samples contain more than 80% zircon except samples

A/131, A/165.and 5/157 .While basal quartzites of the southern'belt

are rich in zircon, a gradual decrease in its percentage is evident from northeast

to southwest, near Srinagar (samples D11,A15) and eastward along the Mandakani

valley (sample C4).
•t

Regional distribution of the 5 tourmaline varieties 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 percentages towards southwest in the stratigraohically younger

horizons. Pink tourmaline, though minor in amount, increases from 0 to 8%

towards south and west along the Dichli Gad(Fig. 82). Similarly the blue and

black types increase in the southwest (Figs. 83& 84). Their percentages are

more than 8 and 16 along the Dharasu Thrust respectively. Brown tourmaline

presents a more clear picture and is more than 32% along the Uttarkashi road

(sample S/183), Dichli Gad (sample A/177) and near Srinagar (samples D 11,

A 15) (Fig.85 ). An eastward increase in the brown variety is noticed along

the Mandakani Valley (samples C 40, C 4). Green variety s^ows a more or less

similar pattern with maximum concentration (32%) 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 variety

(Figs. 81 & 86).
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Similar distributive patterns with isoline maps for different zircon varie

ties and garnet have also been attempted. Their patterns are irregular and no

linear progression has been noted.

6.11 STATISTICAL ANALYSIS OF GRAIN SIZE OF HEAVY MINERALS AND QUARTZ

The grain size data of important resistant minerals viz., quartz,zircon

and tourmaline frora the thin sections and heavy mineral separations have been

statistically studied with the help 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 Quartzite 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 elongation and none as much

as 1:5. Majority of the grains are between 1:1 to 1:2 in ratio (Fig. 88). In

comparison,, a few rounded cloudy zircon grains are coarser (0.43 ram. in length)

though like the colourless rounded varieties, raost grains are less than 0.14 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 many grains nearlng 1:5

elongation ratio (Fig.89). In length, the prismatic cloudy zircon is shorter

than its colourless counterpart. The ovoid shaped catena is not flat and contains

nearly 357 grains between 1:2 and 1:5 (Fig. 91). The zircon characteristics

from the northern belt closely resemble rounded cloudy variety with similar

shape of the catena and distribution of 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 Haggerraann diagram

(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(Southarn Belt)- The rounded colourless zircon varies

from 0.06 to 0.23 mra. with most grains failing below 0.15 mra. in length. The

catena lies flat en 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 raost 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 0.06 to 0.19 mra.(Fig.96 ). The

length of the prismatic cloudy zircon grains varies from 0.06 to 0.30 mm. The

catena is elongated with 20% grains having 1:2 to 1:5 elongation ratio

(Fig. 97 )•

The zircons frora the southern belt subscribe an elongated catena lying flat

uoon 1:1 line. The shape is 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 0.10 mm.

in breadth(Fif?. 98).The thin section measurement of :ircon reduces its grain

size considerably. The length varies from 0.03 to 0.30 mm. but is generally

less. than 0.09 mm, (Fig. 99 ).

The length of the pink tourmaline grains varies from 0.08 to 0.31 ram. with

most of them lying between 1:1 and 1:2 ratios. The catena of the Smithson

diagram lies flat upon 1:1 line (Fig.100). The catena for the blue tourmaline

also lies flat upon 1:1 line and contains most grains below 1:2 ritio(Fig.ioi).

The grains vary in length from 0.07 to 0.26 ram. The black tourmaline prains

are considerably less elongated than 1:2 ratio and vary in length from 0.07

to 0.32 mm. The diagram shows a flat catena upon 1:1 line (Fig.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 below 1:2 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. (FiP.104).

The tourmaline from the southern Quartzite Formation belt is on an average

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 shew reduction in grain size for tourraaline.

The diagram forms a flat catena on 1:1 line. Most grains lie below 1:2 ratio

(Fig.106).

Like the northern belt, quartz from the southern belt is also bimodal

in character. The finer grains are 0.078 to 0.273 mm. in length while

coarser are 0. 357 to 1.365 ram. The Haggermann diagram is elongated in character

and resembles the northern belt. Most grains tend towards greater equldl

mensional character with B/L ratio more than 0.6 (Fig.107).

The grain size data op zircon, tourmaline and ouartz from the thin sections

of other formations reveal the following characteristics cf.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 BS. 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 ram. in

length with raost 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 Harpermann 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 mra. in length (Fig.Ill)

while tourmaline even reaches 0.20 mm. in length (Fig.112).

6.11 -4 Chandpur Formation - Quartz is 0.039 to 0.156 mra, 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 ram. in length with most

grains falling below 0.07 mra. The catena Is elongated along 1:2 line and tends

towards 1:5 (Fig.114). On the other hand, tourmaline varies considerably from

0.03 to 0.40 mm. though most grains fall belo" 0.10 ram. The catena is flat

upon 1 :1 line and is elongated towards 1:2 (Fig.115). Quartz forms a polygonal

shaped catena and varies in length 5rom 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 mra. The catena lies flat upon 1:1 line and contains 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.sthough most of them fall below 0.10 mm. in length

(Figj.18 )• The Haggermann diagram for quartz shows an elongated polygonal

shaped catena enclosing the grains between 0.026 to 0.39 mm. in length,though

raost 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 0.7 (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 lines but does not

touch the latter (Fig. 120). On the other hand, tourmaline is coarser and varies

from 0.03 to 0.14 mm. with large nuaber of grains less than 0,06 ram. in length.

The catena lies flat upon 1=1 line and reaches only upto 1:4 ratioi (Fig.121).

The Haggermann diagram drawn for quartz shows a polygonal outline with the
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grains varying from 0.013 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 0i07 to 0.15 mm.

About 12% grains are equldlmensional and many of them have an elongation ratio

between 1:2 and 1:5 (Fig.123). On the other hand, the flat catena for tour

maline°n 1:1 nearly reaches 1:5 line but most grains fall belew 152 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 luartz grains are coarser than 0,26 nrr., these

vary frora 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 elongated polygonal in shape

(Fig. 12s).

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 0.08 ram.

The catena lies flat upon 1:1 line and touches even 1:5 line with many grains

lying between 1:2 and 1:5 elongation ratio (Fig.126). Tourmaline is about

33% of the zircon amount and varies from 0.03 to 0.22 mra. in length with

most grains below 0,10 mm. Lying upon the 1:1 line, the catena of the Smitbson

diagram nearly touches 1:5 elongation line (Fig. 127). Quartz varies consi

derably frora 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. 128).

6.12 DISCUSSIONS ON HEAVY MINERAL RESULTS

6'12-1 Criteria of recognition of formation - The Quartzite 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

deplete 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 and black tourmaline are conspi

cuously absent. Increasing amount of tourmaline in stratigraphically younger

horizons of the southern Quartzite Formation belt is the most characteristic

feature. The maximum concentration of the tourmaline varieties is noted near

the contact with the Dichli Dolomite. Impersistent occurrences of staurolite,

kyanite and garnet signify rainor mineralogical changes in the overall ultra-

stable zircon-tourmaline rich suite but these cannot be regarded as diagnostic

of the southern belt,

A seemingly excellent method to verify the zircon-tourmaline relationship

in two belts is to study samples from the areas lying outside the definied

limits of the present work. For the purpose, 5 samples from the 3hagirathi and

Yamuna valleys have been incorporated in the heavy mineral study of

northern belt (p. Ifc4). The analyses confirm the results of the heavy mineral

characteristics of the northern belt. Additional 14 samples covering parts of

Bhillangana-Srlnagar-Rudraprayag areas of the southern belt have been studied

for the confirmation of the heavy mineral results. Table 19 and Figs. 81 to 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 concealed

beneath the Dharasu Thrust. The quartzites along the Yamuna valley between Gangani

and Kupra-are thus northwest extension of northern belt in the strike which

belong to the Uttarkashi Thrust Sheet (p.100 )•These have similar

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(Table 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 (p. 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

raeraber in the southeast due to narrowing of the Quartdte 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 northern and basal southern Quartzite

Formation belts are devoid of these varieties.

6.12 - 3 Results of grain size analysis - The following conclusions have been

drawn frora the grain size measurements of zircon, tourmaline and quartz from

the samples and thin sections of non-calcareous sedimentary formations of

the area:

(i) Thin sectioning of the heavy minerals namely zlrcoii and tourmaline
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reduces their true grain size in comparison with the heavy mineral residues,

(it) On an average zircons of all the varieties frora 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.

(iii) The shape of Smithson diagrams for zircon is similar in character

frora both the belts of the Quartzite Formation and is only slightly modified

by a few scattered grains.

(iv) The average size of tourmaline frora the southern Quartzite Formation

belt is coarser than the associated zircon.

(v) The average grain sizes of zircon, tourmaline and quartz are coarser

in the Quartzite Formation in comparison to the other formations of the area.

The size of these minerals is 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 formations 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 is distinct from the other

formations of the area and cannot be compared with them. On the other hand,

the Nagthat Formation, Dunda Quartzite and Bareti Quartzite have similar

distribution of average zircon and tourmaline grains. 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 belts of Quartzite
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Formation 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 resemblance with each other

and are mutually comparable.

The Smithson and Haggerraann diagrams for zircon,tourmaline and quartz from

other formations of the Lesser Himalaya are now available (Valdiya,1965;

Misra and Banerjee,1968a).A comparison of these diagrams reveals that the

Quartzite Formation bears strong resemblance with the stratlgraohically

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 authigenic tourmaline - Krynine(1946)

classified sedimentary authigenic overgrowth as one of the important tourmaline

types 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

its formation in relation to the nucleus and has been attributed to richness of

•aguesium content and possible Ca and Na (Krynine, op.cit.). The overgrowth

is restricted to the antilogous pole of the C - axis(Atly, 1933).The frosting

and pitting of smooth tourmaline surfaces at grain contacts is one of the

possible local source for the production of solutions necessary in the formation

of the overgrowth and appears to have taken place early during the diagenetic

process as Is evidenced by interfingering of the authigenic tourmaline and

quartz. On the other hand, fracturing and removal of tourmaline material

in solution from some of the grains which still show well preserved rounded
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outlines suggest that the intrastratai solution of tourmaline grains is,in

part, also added by metamorphism.

Secondary authigenic tourmaline overgrowth has also been observed by Rao

(1952),Gokhale and Bagchi (1959), Bagchi and Gokha1^1959), Awasthi (1961)

and others from the Vindhyans, Cuddapahs and Kurnools. In the Lesser Himalaya.,

the stratigraphical significance and lateral distribution of the authigenic

secondary tourmaline overgrowth can be fully understood after detailed heavy

mineral studies of other formations.

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 regard, two possibilities should be considered:

(i) The heavy minerals derived by the erosion of the source rocks differ

little frora those in these quartzites. In other words, the heavy minerals are

valid indicators of the provenance conditions.

(ii) The heavy mineral assemblages have been significantly modified i.e.,

the heavy rainerals do not represent the original assemblage derived from the

source area.

In this regard Van Andel(1959) elaborated 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 weathering 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 prolonged 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 associatlon(Van Andel,1959).
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Such weathering conditions in the swce area fc, ^ ^^ ^
are evidenced by mineralogical naturJty of ^ ^ ^ ^^ ^
"eathering o« the heavy «Mral. ln the re_, of ,.„ ^ ^ J^

transportation of the detrft-A. m,r«,j idetrital material appears to have played aprominent
role in the concent rition of ..i...., .,ultrastable minerals like zircon,tourmaline
and rutile in the quartzite Formation.

<b> Alteratlon by selective „Kr.,(.n Tl„2 « ive abrasion -The experimental work dealing with
effects of the mechanical abrasion of minerals has clearly demonstrated that
the heavy minerals offer variable resistance to wearing processeslPettijohn
m7.pp.55S .561,. On the contrary.the study of rlver transported ^^
even to 1500 km. has not supported these experimental results(Sussel 1939-
van Andel.1,50,. Only „ CI)ndltlons o£prolon(!ed ^^^ ^
H«-« detritus for the thick, Quartzite Formation may possibly result in
destruction ef the mechanically less stable species (cf.,Van Andel,l,59>.

<c> Alteration by selective Mrt„ .The thlrd posslMUty ,, ^
the composition of the heavv mim.r-.l *.. uivy mineral assemblases can be modified by selective
sorting of the sediments d„ri„„ transoortatlon and deposition. Van A„del<l954,
has shown its importance in the variation of the Rhine delta assemblages hut
on the other hand, St.anley»963> considered it insignificant in re^val
of the heavy mineral soecles ln the Alpine flysch.

The average grain size of ,uartz, zircon and tourmaline from differ
ent formations of the area supports the view of Udden (1914), Russel (1936),
Rlttenhouse<1943) and others that ..„„ .tnat small heavy mineral grains settle down
«t. larger light mlneraU „ the SMe deposltlon<a ^^^ _̂ ^
similarity of the average grain size „f zircon and auartz from the northern
and southern belts „f Quartzite Formation and the universal association of
zlrzon and tourmaline in coarse sadists, it see„s unlikely that the lattar
can be selectively sorted from zircon to develop two associations in these
quartzites.
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(d) Alteration by intrastratal snlnMnn .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 conclude that the older

sediments seem to have lost their less stable species by intrastratal solution.

The absence of relict less stable heavy minerals and typically corroded

and hacksaw margins are indicative of minor and insignificant role played

by the intrastatal solution ln the Quartzite Formation. On the other hand,

the restricted ultrastable raineral suite of these quartzites indicate that

diastrophisra and tectonism of source anddeposittonal areas ultimately control

the occurrence of heavy minerals rather than their stability and intrastratal

solution(cf.,Krynine,1942; Van Andel,1959; Chanda,1960;Gazi,1965; and Sinha
et al., 1967).

In conclusion, the heavy ralnerafe in the Quartzite Formation are possibly

not representative of the rainerals originally eroded frora the source area. Pro

longed weathering and abrasion under stable tectonic conditions appear to

have favourably altered an originally less stable heavy mineral suite to

an impoverished restricted ultrastable assemblage consisting of zircon,

tourmaline and rutile with rainor amount of garnet,staurolite 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 provenance

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) Jg£3£l2S 2* s°"rce 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 in Chapter 2(p,26 ),

a few current bedding directions in the Quartzite Formation are indicative

of southwesterly currents thus point towards a northeasterly source for the

supply of detritus.

West(1935a), Wadia and West(1964) and Krlshnaswami and Swarainath(1965)

observed two separate and parallel geo6ynclines 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

Wadia(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(l934 a) envisaged some

granites of pre-Palaeozoic age. The granitic rocks of the Central Himalaya

have been assigned different ages frora Pre-cambrian to Tertiary(Pande

and Saxena,1968).The composition of the Central Himdayan Geanticline has

been best described by Gansser(1964, p.235),"Gneisses,migmatltes,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 crystalline 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 is 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.

<4i) Characters of source rocks - The restricted ultrastable heavy

mineral suite of the Quartzite Formation comprising mainly zircon,tourma

line and rutile limit the correct interpretation of the parent source

rocks in a very broad sense. As has been elaborated previously(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 tourmaline 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) pegmatltic rocks -blue tourmaline, also other colours;large grains.

In the Central Himalayan Geanticline source area after the formation

of argillo -arenaceous rocks frora these two primary rocks, the sediments

were possibly subjected to low to high grade metaraorphlsm, raigraatisation and

affected by large scale igneous intrusions to develop a complex metamorphic

terrain during the Pre-cambrian (Gansser,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 green tour

maline varieties.For this type of complex terrain"long period of peneplanatlon

characterised by vigorousand prolong chemical decay are especially favourable

for the concentration of tourmalfre types In the produced detritus at the

expense of other less stable mineral species. Such periods of diastrophic

quiesenca increase both the relative abundance of tourmaline in the following

sediment and also the absolute number of tourraaline varieties into it",
(Krynine,1942,1946).

The distinction between the first cycle and raulticycled material is

of importance(Pettijohn,1957,p.3l2) but the definite evidences like abraded
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overgrowths upon tourmaline are generally lacking in the Quartzite Formation.

The secondary overgrowth upon tourmaline 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 graniti&ation of sediments(Poldervaart 1950,1956?Wyatt,1954;

Eckelmann and Kulp,1956; Eckelraann and Poldervaart,1957). Thus, the lack of

such features in the zircons of the Quartzite Formatinppossibly reflects

magmatic characters of the primary acid igneous source rocks of the Central

Himalayan Geanticline during the Precambrian tiraes.

Though the significance of zircon in raany geologicalproblems has been

recently doubted due to its widespread development during authigenesis and

low grade metamorphism (Saxana 1966) the rounded zircon has been Considered

diagnostic of sedimentary and metasedlmentary rocksC»Tyatt, 1954; Vitanage, 1957'.

Verspyck,1961; Murthi and Siddlque,1964). The character of raany zircon

varieties remains . unchanged during low grade metamorphism and has also

helped in correlation and tectonic interpretation (Carroll et al.,1957;

Marshall,1967).
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The zircons frora Central Himalayan Geanticline have not been studied in

detail so that these can be helpful in the interpretation of characters

of the source rocks. The recent study of zircon morphology is the only avai

lable work(Gupta,1966, 1968).It has been noticed that the zircons alter to

euhedral form with increasing metamorphism and subsequent migmatlzation. 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 SIGNIFICANCE OF HEAVY MINERAL STUDIES

As has been mentioned (Chapter-2), the Quartzite Formation Is possibly

the oldest lithostratigraphicai unit in the area of probably Algonkian age

but is occurring above the younger Dunda-Uttarkashi Formations 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 suite 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(*ittenhouse,1943), its occurrence as the only important

heavy mineral in the northern belt seems 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

frora the northern belt by the above mentioned processes of alteration(ftl82).



158

peneconteraporaneous with it, a late formation does rot appear to be supported

by observations'.' Similarly Edwards and Becked 1951) observed that iron sulphide

occurs in some modern muds and is seggregated after burial and has crystallised

to pyrite.

We Her(op.cit., p.173) mentioned that even 57 of iron sulphide will impart

a dark grey or black colour to the rock. This explains the grey and black

colours of the insoluble residue and hence of the rocks from the Uttarkashi

and Khattukhal Limestones, due to the presence of small cubes and finely disse

minated pyrite.

6.3 CHEMICAL ANALYSIS

Out of the thirtynine samples analysed for the insoluble residue study,

twentysix samples were selected mainly along ' thrie sections of the Dichli

Dolomite,Khattukhal and Upper Uttarkashi Limestones :or the chemical analysis,

10-15 gra. of the sample was powdered and made fine in the agate mortar. About

1 gra. of the weighed powder was completely dissolved in dil.HCl, The solution

was made to 250 c.c. and was titrated for calcium and magnesium by E.D.T.A.

(Ethylene Dinitrilo Tretraacetic \cid) after 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 classification of carbonate rocks on the basis of

calcium and magnesium is diverse (Pettijohn,1957; Chilingar,1957). In

present work the carbonates have been classified according to Pettiiohn(1957,

p.418). Three samples contain an excess of MgO than 21.6% - the theoritical

value for dolomite and do not fall into any category defined by Pettiiohn. •

These are magnesian dolomites. The average Mg0% for the Dichli Dolomite,

Khattukhal and Upper Uttarkashi Limestones is 16.8, 6.3 and 8.53 respectively.

•
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Taking into consideration the above facts, it is tentatively proposed

that the northern 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 devoid of

tourmaline. The gradual increase in abundance and varieties of tourmaline

in the stratigraphlcally younger horizons of the southern belt thus indicate

possible switching of the source rocks which,upon slow peneplanatlon and

uplift,gradually were exposed and shed tourmaline rich detritus along with

small amount of zircon upon 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 stratigraphlcally

younger horizons of the southern Quartzite Formation belt seems to be a

regional phenomenon and cannot be called as fortuitot»a .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 similar situation appears to be occurring in some areas of Almora and

Pithoragarh districts where a recent study of heavy raineral 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, 1969a)-Keeping in view that the

stratigraphical succession in parts of Almora-Plthoragarh area is completely

inverted(that is why the younger Salia formation is exposed at the base -

Misra and Kuraar,1968), an increase in tourmaline in the stratigraphlcally

younger beds of the quartzites is more significant and appears to have taken

place near the contact with -carbonate rocks(Dichli Dolomite/Gangolihat

Dolimit es). 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-Tejam Zone.



CHAPTER. 2

STRATIGRAPHY AND CORRELATION

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 frora one end to the other is undertaken with aview 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 metamorphism and lithological
variations which have largely been affected by the thrusts and shears of

great magnitude. Thus these factors have rendered such correlations -dubious
in nature.

Since the present area encompasses the Deoban-Tejam Zone and northern

parts of the Simla-Krol Belt of Ganssed 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 stratigraphical relationships
of the various formations in the area are discussed and then correlated

with other lithostratigraphicai 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, Oil and Natural Gas Commission, Atomic Energy Department and State

Directorates of Geology &Mining, the geological maps are not made available
to other research workers in the field. Araidst such handicaps.the regional
correlation of the formations can only be tentative.

7'2 FRF-BLAINI STRATIGRAPHY OF SIMLA-KROL BELT

As aresult 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 :

Formation

Blaini Conglomerate

Simla Series(lnfra-Blalni)

Jaunsar Series

Chail Series

Jutogh Series

Probable age

Lower Gondwana

Lower Palaeozoic

Purana

Purana

Archaean

In this scheme, the stratigraphical grouping is primarily based upon

the grade of metamorphism. The raost 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 area and

the southeastern region, Auden (1934a,1937,1939) proposed the following
pre-Blaini stratigraphy of the Simla-Krol Belt:

Auden(1934a)

Solon Area

Rlainis

Unconformity

Jaunsars with possible

Mandhalis

Simla Slates with

Kakarhattl Limestone

Tons Area

Blainis

Unconformity.

Nagthats

Chandpurs

Mandhalis

Jaunsar

Series

Deoban Limestone

Simla Slates(Morar-

Chakrata beds)

Auden (1937)

Garhwal Region

Blainis

Unconformity

Nagthats

Chandpurs

Simla Slates
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It should be pointed out that the fundamental difference ln 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 Mandhaii Stages, Auden(1934b) reported

continuation of the Chandpur 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 ln the Kalsi-Chakrata region

and postulated a thrust between Mandhalis and Chandpurs on the northern limb

of the Jaunsar SyncHne. Also, the Nagthats appear to have unconformable

contacts with underlying formations indicating Palaeozoic earth, movements'in

the Himalaya. Thus, Pascoe(1959, p.452) enumerates the following succession:

Nagthats

Unconformity

Chandpur Series

— Thrust

Mandhaii Series

From the above account,it is evident that over a great part of the

Slmla-Krol Belt, the Nagthat-Chandpur-Mandhali sequence is stratigraphlcally

normal but is plicated by thrusting and unconformity in the Kalsi-Chakrata

region.

7.3. STRATIGRAPHY OF THE DEOBAN-TEJAM ZONE

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-

Teiara Zone into a northern Charaoll-Tejam Zone lyira, betweer> the Main Central
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Thrust and the Askot-Baljnath 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 raetabasics. The predominantly argillo-calcareous rocks ,-
have been grouped Into the Calc Zones of Badolisera (Helm 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
Quartiite Zone of Berinag (Valdiya,1962,1964c) which is ranked as a group
being called as the Berinag Quartzites (Misra and Banerjee,1968). The

stratigraphy of the sedimentary zone of the Badolisera-Pithoragarh Zone in

the Pithoragarh-Bageshwar-Ganai regions is as follows (Valdiya,1962):

Calc Zone of

Pithoragarh

Quartzite Zone

of Berinag

Thalkedar Beds

Sor Slates

Stromatolite limestones and Magnesite beds

Gangolihat beds

Purple phyllites of Asurchula-Nag Belt

Massive purple quartzites and pebbly beds

Sericite quartzites and chlorite-schists of
Charma-Berinag Belt

Amphibolites

In the revised stratigraphy of this region, Valdiya (1969) raised

the Calc Zone of Pithoragarh to the group rank and reclassified it into four
formations e.g., Gangolihat Dolomites, Sor Slates, Thalkedar Limestones and
Rautgara Quartzites.

The work of Misra and Valdiya (1961), Valdiya(1962,1965), Misra and

Kuraar(1965,1968) and Misra and Banerjee(1965,1968) indicates that the whole
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sedimentary succession in the Pithoragarh,Bageshwar and Ganai regions of the
Badolisera-Pithoragarh Zone is inverted.

The northern Chamoli-Tejara Zone has been investigated by Helm and
Gansser(1939), Auden.(1935) and Gansser(1964,pp.95-98). The following
sequence has been worked out by AudenCop .cit.) along the Alaknanda river:

Volcanic Suite (top)

Karanprayag and Chamoli Quartzites

Massive liaestones (bottom)

The thick quartzites are seen overlying the raassive doloraite sequence
between Chamoli and Main Central Thrust. But the stratigraphical relations
between the quartzites and doloraites are still uncertain (Gansser,1964, p.95).
7'3-2 Central Garhwal Region - As has been classified here, the central
region covers an area between the Yarauna and Alaknanda rivers of the Deoban-
Tejam Zone. Auden's work(1935, 1936, 1938,1949) in this region has shown .
thick development of Umestones.doloraites.quartzites,slates and basic rocks
which have been grouped into the Barahat Series or Garhwal Series (p.7).

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 doloraites have been reported
at the following localities: north of Uttarkashi.Giunoti.Pirhi (Auden,1938);
Manwa Devi,Ganpurgarh (Auden,1935); Maniknath and Sera with stroraatolites
(Nautiyal and Jain,1965).

The traverses by Naut iyal<1953 ) and T«„i ,Sethi .Kakkar and Seltz(1963)
broadly confirmed the earlier views without retributing ^ueh to the strati-
graphy of the region.

?"3"3 -St"" C*^ta.neoban.Shalt wp1nn. Thc inner sedlBentiry zone ^
to be represented by a thick series of ll.estones.sh^es and dolomites known
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« 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 „verlain by the Mandhaii Series. 01dhamU883> reported
closely chambered shells fro. the Deobans which have been recently Identified
as stromat„lites(Misra,1969; Valdiya,1969,. On the other hand, the Mandhaii
boulder he*grade into the Deohansand contain boulders of limestones and
dolomites derived from them (Oldham, W1, Hence the Deobans will automatically
be placed stratigraphlcally below the Mandhalis (Pascoe,1959.P.825).

in the north of Simla, the Shali Series comprising of Quartzltes,slates
and „«stones ls exposed belov the Qiaju (n the shau Mb^ (m^ ^
West.„28; west,1939). The following stratigraphy of the Shali Series has been
worked out by West (op.cit.):

Shall Series

Subathu and Dagshais

Madhan Slates

Shali Quartzite

Upper Shali Limestone

Shall Slate

Lower Shali Limestone

Khaira Quartzites

Chail Series

Unconformity

Shall Thrust !

7.A nwi^i,, and rJamjtllm 0F lmKm.m„.„ratL ^ITS arm mk

Tn the area, the mutual stratigrapMcal relations are complicated due
to the presence of large scale thrusts along many lithostratigraphicai
contacts.sedimentary fades variation across the strike of the beds and their
unfossiliferous character. „ orderly description of their
and mlcroscoolc characters has been given in Ch.pt., 2,„hlle the chapter 3
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incorporates their structural disposition in the field. On the basis of the
gradational contacts between raany lithostratigraphicai units, Table 20

sumraarieses the stratigraphy of each structural unit separately while their
mutual correlation Ins been given in Figure 129..

The norraal overthrust Quartzite Formation,probably the oldest litho

stratigraphicai unit of the Garhwal Group,resembles the Netala Quartzite

meraber of the Uttarkashi Formation. Both are conspicuous by absence"

of the detrital raica.rock fragments and feldspars and are mineralogically

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 Limestone 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

Liraestone -an eastward extension of the Deobans. These possibly appear to

be the two fades 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 Siraia-Krol Belt in the area. These are

generally carbonaceous and nonlaminated in the lower part (Laluri AMember,

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

e.g., Laluri C Member, purole 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

mature.
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Formation, upper parts of the Dhanari Slate and Pokhri Slate).

Though the Upper Uttarkashi Limestone is Identical ln character with

the Lower Uttarkashi Limestone, it resembles with the Khattukhal Liraestore

chemically as well as in the insoluble residue. The liraestone 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 Bareti Quartzite members cf the Dunda and Uttarkashi

Formations respectively. These quartzites have sinilar lithology,though the

Bareti Quartzite member also contain a metabasic and arenaceous liraestone

horizon.The qaartzitesare conspicuously characterised by well defined

bedding, argillaceous intercalations and buff-grey-green-purple colours.

The quartzites are invariably micaceous and feldspathic in comparison to

buff-white,Pure, mineralogically mature quartzites of the Quartzite

Formation. The contrast is striking and is characteristic of the two

arenaceous horizons.

Frora the foregoing correlation of the lithostratigraphicai units of

of the area, it is 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

Nanni Thak Klipoe of the overthrust Quartzite Formation (p. 94 ). From their

opposite dips beneath the remnant Kilppe, it can be inferred that these two

formations represent a more widespread sequence which, in the present area

is exoosed 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 RELATION WITH ^THER RRr.Tnwc n, THg LESSER HTMAT AW

Table 21 summarises possible correlation of the Hthostratigrapdcal
units of the area with other rotations of the Lesser Himalaya between
Simla and Kuraaon regions.

7.5 -1 Garhwal Grouo - In the central region of the Deoban-Tejam Zone, the
Garhwal Group corresponds to the Barahat Series or the Garhwal Series of
Auden(1938,1949) or to the Garhwal Wlndow Series (Dutta and Kumar,1963).

7*5"2 Quartzite Formation and Netala Quartz!t-P - Possibly the oldest
lithostratigraphicai unit of the Garhwal Group, the Quartzite Formation

( = Netala Quartzite of the Uttarkashi Formation) occurs m a norraal

succession which has been thrust over the Dunda and Uttarkashi Formations

and is conformably overlain 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 Kuraaon (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 Formation extends beneath the Main Central Thrust (p.101) to

reappear again between Mandakani and Alaknanda rivers. It extends in the

southeast as a normal succession into the Srinagar- Rudraprayag area and

loins with the Chamoll-Karanprayag Quartzites along the Alaknanda river

where the similar quartzites are overlying slates and limestones (cf.,
Auden,1935).

The eastern region of the Deoban - Teiam Zone exhibits thick and

widespread quartzites which have been grouped into the Berinag Quartzites
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in the southern Badolisera - Pithoragarh Zone (Gansser,1964,p.94). These
comprise fawn, railky 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 (except the purple phyllltes
in the latter), the presence of the raetabasics 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 Quartzites and Berinag Quartzites (Map 12).

Similar sericite quartzites have also been noticed in the northern

Chamoli-Teiara Zone (Gansser, op.cit., pp.94-96) near the Main Central Thrust

with ohyllites and schists intercalations 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 Itrati-

graphically older than 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 metamorphism and sedimentary fades (Misra and Valdiya, 1961;

Valdiya,1962; Gansser,1964,p.94; Misra and Banerjee,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
argllio-calcareous Dunda-Uttarkashi Formations (Chapter 3).

In the northwest, the Quartzite Formation extends upto 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.lt 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 Rari and Yamuna river (p. 100 ). This is also evidenced frora the heavy
mineral data (Chapter 6)-

In the western region of the Deoban- Tejara Belt, it is noteworthy that

the Quartzite Formation resembles with the middle and upper stages of the

Chail Series which comprises pure quartzites,quartz schists and schistose

grits(West,1932). In the northern Chakrata, the Chail Series Is separated

from the underlying Mandhaii Series and Deoban Liraestone 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 ihali area, the
Chail Series shows only the lower 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 Sdkhalas and Lower Oralis are raore or less equiva

lent and the Simla Slates,Dogra Slates,Attock Slates.or Hazara Slates, as

they have been variously called,corresponds 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 Napoe succession appears to

be widespread in the Deoban-Tejam Zone than hitherto realised(Puche,1968).

On the basis f the above discussion, it is tentatively proposed that in the

northern Chakrata area, the Quartzite Formation may possibly be represented
by the Middle and Upper Chail Series.
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The lowest Khaira Quartzite member of the Shall 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 Dichli.Dolomite -In the present area the Dichli Dolomite with normally

disposed C^Uenia 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 silicious doloraites and pale chert at Pratopnagarand

Pirhi hill while NautiyaKpersonai communication .mapped light bluish grey

dolomitic limestones between Diul along the Bhillangana river and Maniknath

hill as truncated small outcrops 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 norraal 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-Tejam 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,Dhanpur,Pokhri,Chaukhutia, Dewalikhal etc.(Auden

1935; Helm and Gansser,1939; Das,1966). Due to its stratigraphical position

above the Quartzite Formation (= Berinag Quartzites),general lithology and

stromatolites(Coltenia), the Dichli Dolomite has been correlated with the
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Gangolihat Doloraites 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 inverted cup shaped laminae

(since the whole sequence is inverted, p.104 ). In recent years,

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 Banerjee

1968; Misra and Kumar,1968; Misra,1969).

On the other hand, the Dichli Dolomite and its equivalents in the area

(p.197 )have been correlated with the Deoban Limestone of the Chakrata

area inwestern region of the Deoban-Tejam Zone. These may also correspond to

Lower Shall Limestone of the Shall Series and Naldera-Kakarhatti Limestones

of Simla area.

The Deoban Limestone comprises . thinly bedded,pale bluish grey,

meohitic,fine grained limestones with shale intercal tions. It is characterised

by closely chambered shell columns, pseudo-organic stroraatoporoidal or

stromatolitic structures(01dham, 1883; Pilgram and West,1928; Pascoe,1959;

p.825; Valdiya,1969), A few samples collected from the 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 All,1967) and possibly joins with the Bangaon

Limestone (Jain and Mithal,1968).

The Deoban Limestone was first correlated with the Krol liraestone

(Oldham,1883)but due to (a)prevalent shaly bands and difference in lithology

(b) the presence of pseudo-organic structures and (c) its stratigraphical

position below the Mandhaii or Blaini Series(p. 19 6 )has rendered this
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correlation outdated. The pseudo*organic structures, so widespread in the

Deobans been recently identified by Valdiya (1969) as species of Collenia

and resemble with those from the Dichli Doloraite( Chapter 2, p.30).

On the other hand, the Dichli Dolomite and Deoban Liraestone have been

compared with the Lower Shall Liraestone which comprises pink calcitic

banded limestone and massive grey dolomitic liraestone with occasional chert

(Pilgrim and 'lest, 1928: West,1939). Valdiya ,s(1962fi,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 stratigraphical position of the Lower Shali and Lower Uttarkashi

Limestones is similar,though the latter is devoid of Collenia.

Pilgrim and West(1928) and Auden(1934a) suggested that the Deoban Lime

stone is an expanded development of the Kakarhatti Liraestone. The prevalent

pseudo-organic structures In the latter, which have been identified as

Collenia in many other cases, may be significant in equating 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) corsldered 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 Laluri Formation - The presence of the Tons Thrust along contact

of the Mandhali 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 Mandhaii Series is 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 Kalsl 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 frora Kalsl to the east and
(cf.,Dutta and Kumar,1964)

appears to have oinched out between longitudes i78°5' and 78'' 15 '£• The lime

stone is only rarely met with in the Laluri A. Member while the Laluri

C Meraber is occasionally gritty. The absence of typical Mandhaii limestone,

boulder beds and doubtful geological relations ln the adjoining area

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.

(i) Variable character of the Laluri A to C Members.

(ii) The presence of the Tons Thrust along lower contact of the Laluris

with the Dharasu Formation( = Morar - Chakrata beds).

(iii) Conformable contact with the overlying Chandpur Formation.

(iv) Resemblance of the Laluri A and B Members with the slates and

phyllltes of the Mandhaii 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 Malndkhal-Chham mule track but Its further extension is doubtful

as is evident from the Auden's (1937) geological section across Garhwal

(Fig. 57 Xacross Banali-Kaudia which is about 10 km. SE of Kandi,

7.5-5 Chandpur Formation - The Chandpur Formation comprises 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 which has been previously mapped by Auden(1934a) uoto 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).
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The terms Chandpurs or Chandpur Series have been repeatedly used by

various workers for tv^e overthrust crystalline masses of Iansdowne,Almora-

Dudatoli,Askot,Baijnath etc, of the Garhwal Nappe and have thus caused

confusion. On the basis of its typical lithology and stratigraphical position

between the Mandhaii and Nagthat Series of the Simla-Krol Belt, it is

suggested to restrict the usage of the term Chandpur Formation to typical

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 Mandhaii Series of northern

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 also been compared

with the Sor Slates and Punger Valley Slates Of the Pithoragarh,

Bageshwar and Ganai areas of Kumaon.

01dham(1883,1888) and West(1931,1932) observed fine development of the

Mandhaii 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 (Pascoe, 1959, p.825). After accepting • correlation of the

Deoban Limestone with lower carbonate sequence of the Deoban-Tejam Zone

(Dichli Dolomite,Khattukhal-Lower Uttarkashi Limestones,Bangaon Limestone,

Lower Shall Limestone,Naldera-Kakarhatti Limestones and Gangolihat-Kapkot

Doloraites) with some confidence, the Mandhaii-Chandpur Series and Laluri-

Chandpur Formation can also be compared with the Shali Slate. This date

member comprises shales,red shales,slates and slaty limestone intercalations

and Is conformably underlain by the Lower Shall Limestone.

Similar correlation of Laluri-Chandpur Formatior with the Sor Slates
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(grey olive green and black slates with protoquartzites and slaty limestone

intercalations) and the Punger Valley Slates 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(l962) and Misra and

Banerjee(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/Blainls and Deobans(cf.,Audeo,1934a;

Gansser,1964,p.99; Dhoundlal and All,1967; Rao,1968).

7.5-6 Nagthat Formation and Uttarkashi Formation - In the area, the Nagthat

Formation Is 3n extension of the Nagthat Series of Auden(1934a) which is

characterised by sandstones,arkoses,schistose quartzites,quartz schists,grits,

purple green slates and phyllltes. 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 SW margin

Is extending in the present area as the Nagthat Formation. On the other

hand, the Nagthat Series is represented by the Jaunsar Series in the Simla

Hills (Auden,1934a) (p. 193).

The upper arenaceous horizon in the area comprising of the Nagthat

Formation, Dunda and Bareti ,Quartzites has been compared with the Shali

Quartzite of the Shall Series and Saryu Valley Quartzites or

Rautgara Quartzites in the Pithoragarh and Ganai regions 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 separate stratigraphical horizon but were correlated with the

Berinag Quartzites (Valdiya,1962). "In spite of a number of contrasting
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characters, these quartzites may be equated with those of the Asurohula-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 stratigraphlcally. In that case, the Saryu Valley Quartzites

become the upper most (stratigraphically)member of Calc Zone similar to the

Shall Quartzites of the Shall Series" as has been shown in the correlation
22

Table£. 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 "ithoragarh (Valdiya,1965; Misra and Kumar,1968) and have been

renamed as the Rautgara Quartzites(Valdiya,1969).

In the area, the intervening Upper Uttarkashi Liraestone of the Uttarkashi

Formation thus becomes equivalent to the Upper Shali Limestone of the Shali

Series since both are underlain by the slate horizon and overlain by an

arenaceous 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-Tej.am Zone, the Upper Uttarkashi Limestone is

stratigraphlcally equivalent to the Thalkedar Liraestone of the Calc Zone of
(Kumar,in prase)

Pithoragarh and Badolisera with Collenia/.This correlation clearly indicates

that, though an upper limestone horizon is developed in the Deoban-Tejam 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 occupies about 10 km. wide

track in northwest and narrows down considerably near Chham. From the

tectonic map of Auden (1937, Map.10 ) the formation appears to be an eastward

continuation of the widespread Morar-Chakrata beds. In the Chakrata 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(l937) 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 river. In many subsequent general reports of the

Geological Survey of India, these rocks were compared with the Chandpurs along

the Bhillangana and Alaknanda rivers.

Thus, it is evident that the Chandpurs, Simla Slates and to some extent

Chails have frequently been confused with one another in this part of Garhwal.

Pascoe(1959,p.445) mentioned that " It may be found that raost of the Chandpurs

and the Chails are metamorphosed Simla Slates, though as Auden points out the

unaltered, Chandpurs are generally of a different lithological type from the

Simla Slates consisting typically of fine alternating bands,averaging3 ram.

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 along 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 Bhagirathi river upto Tehri

where these are characterised by typical purple-grey-green alternating

phyllite and argillaceous quartzites. Nautiyal's maoping(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 Forraation(Morar-Chakrata beds or Simla Slates) with other formations

of the area. The Dharasu Formation is overlain by the Bangaon Liraestone- an

extension of the Deoban Liraestone 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( • Mandhaii Series)

with intervening Tons Thrust. The contact between the Simla Slates and

Mandhaii 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 All,1967), The general relationship

of these beds Indicates that the Morar-Chakrata beds(Simla Slates) are-,

older than the Mandhaii 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 position in the Garhwal

Group is the Quartzite Formation( =Netaia Quartzite) but the contrast is

so great that on the basis of lithology it is difficult to correlate thera

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,(11) the lithological similarity of the Middle

and Upper Chails with the Quartzite Formation and (iii) Fuchs's(l968)

observation regarding the widespread Chail Nappe development in the Deoban-

Tejam Zone are accepted, then the Quartzite Formation and Dharasu Forma

tion raay be considered as two fades of one rock sequence, brought in

juxtaoosition due to a great dislocation.

7.5-7 Bangaon Liraestone - Part of a thick succession of the Bangaon Liraestone

extends in the west upto Yamuna river (Jain and Mithal,1968) and has been

recognised as the continuation of the Deoban Liraestone of the type area

(Dhoundial and All,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:

(i) a widespread lower quartzite horizon comprising of the Khaira Quartzite,

Quartzite Formation - Netala Quartzite, Chamoli-Karanprayag-Berinag Quartzites,

(ii) a lower equally widespread carbonate succession characterised by

stromatolites and pseudo-organic structures in many of them i.e.,Lower Shali

Limestone, Deoban Limestone, Bangaon Liraestone, Dichli Dolomite,Khattukhal-

Lower yttarkashi Limestones, Gangolihat and Kapkot Dolomites,

(iii) an argillaceous sequence with limestone intercalations - Shali Slate,

Mandhaii Series,Laluri Formation, Chandpur Series/Formation,Dhanari-Pokhrl

Slates, Sor Slates and Punger Valley Slates,

(iv) an impersistent upper carbonate horizons - Upper Shall Limestone,Upper

Uttarkashi Limestone, and Thalkedar Limestone,

(v) an uoper quartzite sequence - Shali Quartzite, Nagthat Series/Formation,

Jaunsar Sedes, Dunda-Bareti Quartzites and Saryu Valley Quartzites.

Though the views of earlier workers regarding the correlation of indivi

dual Simla-Krol Belt and Deoban-Tejam Zone have been accepted to some extent,

the opinions differ regarding their mutual relationships especially between
1949

the carbonates. 01dham(1883 ), Helm and Gansser(1939), Auden( 1935,1938,1948 l_

1951,1953) and Pande and Saxena (19680 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 is certainly

not the case for the calcareous sediments where stromatolitic structures

were noted, .and here I would agree with Misra and Valdiya(1961,1962) who

correlated the Pithoragarh carbonates with the Deobans."
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STRATIGRAPHICAL CORRELATION OF LESSER HIMALAYAN FORMATIONS

(After Valdiya, 1962; Misra and Banerjee,1768)

SIMLA AREA

(Pilgrim and West,1928)

Slate Stage

Naldera-Kakarhatti

Limestones

Unconformity -

Jaunsar Quartzites

SHALI AREA

(West,1939)

SHALI SERIES

Shali Quartdte

Upper Shall Limestone

Shall Slate

Lower Shall Limestone

Khaira Quartzite

BAGESHWAR-PITH0RA6RAH AREAS

(Valdiya,1962; Misra and
Banerjee,1968)

Saryu Valley Quartzites

Thalkedar Limestones

Sor Sites

**

Gangolihat Dolomites

Berinag Quartzites*

* Berinag Quartzites=Nagthats.
** Gangolihat Dolomites =

Deoban Limestone.
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On the basis of lithology and important stromatolitic structures(CoJJLenla)

Misra and Valdiya(1961), Valdiya(1962,1964c),Misra and Banerjee(1968),Banerjee

(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 Carboniferous (Auden,1934a) or Jurassic(Tewari and Kumar,

1968) age for the Krols. This is also supported by their stratigraphical posi

tion with respect to 3laini/Mandhali Series(p,192),

The present wcrkon the stratigraphy and correlation accepts the "iew-

point that the calcareous rocks of the present area cannot be correlated with

the Krol limestones as is also Indicated by a few data on insoluble residue

and MgO/CaO relationship(Chapter 6). Instead it favours correlation with the

Deoban-Shali-Pithoragarh type of carbonates.

In his regional mapping of the Slmla-Krol Belt frora Solon to Rishikesh

Aden (1934a,b,1935,1936) has proved that the whole sedimentary sequence occurs

in a normal stratigraphical succession with local imbrications. On the other

hand, the observations of many workers in the Pithor^garh-Baseshwar-Ganai

areas in eastern region of the Deoban-Tejam Zone hav2 indicated a complete

inversion of the metasedlmentaries. Hence the Berinag Quartzites occurring

physically at the top are considered stratigraphlcally older than the Calc Zone

of Pithoragarh (p.194),(Misra and Valdiya,1961; Valdiya,1962;Gansser,1964,

p.94; Misra and Banerjee,1965,1968; Misra and Kumar,1968). The Berinags

were correlated with Jaunsars of the Simla area and . Nagthats of the

Simla-Krol Belt, (Valdiya,1962; Misra and Banerjee,1968);Table 22).Then the

stratigra hically younger Calc Zone of Pithoragarh will automatically be

equivalent of the Blaini-Krol-Tal sequence of the Sitila-Krol Belt,which has
by Misra & Valdiya (1961):

been catagorlcally refuted/^'* the limestone-slate 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) observed 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 Pilgrim and West'; stratigraphy(1928) by

placing the Jaunsars below the Simla Slates(changed later by West,1931),the

lowest quartzites corresponds to those Jaunsars. Fo'.lowing Auden(l934)and

Straigraohic Lexion(1957), I would place the Jaunsars above the Simla Slates

and thus above the Deoban type liraestone. 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 explained by not correlating

Berinag Quartzites and its equivalent Quartzite Fot..:.tion in the area with the

Jaunsars and Nagthats and by adopting Auden's(!934a; stratigraphy of the

Simla-Krol Belt. Instead, the widespread Shali Quartzite, Dunda-Bnreti Quart

zites and Saryu Valley or Rautgra Quartzites have been equated with the

Nagthat and Jaunsar Series. The older arenaceous horizons comprising of

Khaira Quartzite, Quartzite Formation, Netala Quartzite,Berinag-Charao11-

Karanprayag Quartzites underlie the Deoban-ShaI1 Gangolihat type of limestones

thus supporting the viewpoint of Gansser(1964). These are provisionally

considered as equivalents to Middle and Upper Chail Series of West(1932).

According, the argillaceous sequence comprising of the Sor Slates, Shali

Slate, Dhanari-Pokhri Slates of the Present area become equivalent to the

Mandhaii (Laluri)- Chandpur sequence of the Simla-Krol Belt. These slates

cannot be compared with the Simla Slates due to their older stratigraphical

position than the Mandhalis and Deobans.



CHAPTER- 8

£I!LLMEliTATION AND TECTjNIC

HISTORY

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 diagenetlc recrystallisation and low

grade metamorphism which has oblitered grain shape and their boundaries and

(iv) lack of environmental and time-stratigrapbical units due to absence of

fossils.

Amongst such lirainations,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

8.2-l 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% quartz with minor amount

of chlorite-sericite and can be classified as orthoquartzites (Krynine,1948;

Folk,1954; Dapples,Krumbeln and Sloss,1953; PettiJohn,1954,1957;Hubert,1962)

or quartz arenite (William,Turner and Gilbert,1954) or quartzose sandstones

(Krumbein and 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 proleng 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 (19424a) and Krumbein and Sloss(1963,

P.549) postulated that many quartzite deposits indicate long continued

chemical and mechanical transformation of grains in a single cyrcle of trans

portation and deposition. 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 (Pettijohn,1957,p.298). Minor

purple and black slates and micaceous quartzite intercalations near contact

with the carbonate sequence of Dichli Dolomite reflect changing environmen

tal conditions.

The depth of water must have remained very shallow 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 purple coloured ferruginous

quartzites occurrences (p.25).

The bimodal character of quartz grains frora the northern and southern

Quartzite Formation is characteristic of these rocks. The coarse 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 formations

(p.25). According to Folk (op.cit. ),these characters are developed due to

occasional turbulance or mixing of products frora high and low energy levels

or from two different sources. However, a recent study by Folk(1968) also

suggests a desertlc environment for such bimodal character of quartz.

It is significant that Krynine(1943,1946) propounded stable shelf

conditions to the peneplanatlon stage during the initial stages of the geosy-

nclinal cycle. Recently.Fuchs (1968) has also advocated such .Conditions for

the Nagthats and similar quartzites of the Lesser Himalaya.

In addition, the tectonic stability in the source and deposition-? 1

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 raineral 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 cortinuously shifting waves

must have worked ceaselessly for a long time over each grain of the slowly

depositing 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. A few current beddings indicate

a north and northeasterly source of detritus. As has been elaborated in

Chapter 6,(p.185), the present 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, beach and lagoonal environmental conditions are also

envisaged for the stratigrapdcally equivalent Berinag Quartzites in the Pitho

ragarh region (Valdiya,1965). Possibly the Charaoli-Karanprayag Quartzites

were also deposited under similar stable shelf conditions which seem to cover

at least 270 kras. long track of the Chamoli Window.

8.2-2 DICHLI DOLOMITE

The deposition of the pure arenite Quartzite Formation has been

suddenly interrupted and is followed by thick carbonate Dichli Dolomite forma

tion. Tis abrupt 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 is suggestive that the detritus was shed into the basin even

after the commencement of carbonate sedimentation.

The micritic,rounded and fine grained character of the individual

intraclasts implies that these were originally deposited as microcrystalline

ooze in calra,protected environments without any turbulence. The intraclasts

were weakly consolidated before the penecontemporaneous 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 raany of the intraclasts

also contain oolites. The formation of oolites Is a definite evidence of clear,

warn and shallow agitated waters in the high energy cnvironmentsdlling, 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 raicrocyrstalline ooze and strong enough

to transport fairly large intraclasts (Folk,1Q59).

Algal Doloraites - The overlying micritic algal doloraites 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 gained 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 deej fresh water or 30 metres in the saline waters.

Logan(1961) observed that the intertidal zone and intermittently flooded mud

plains are most suitable environmental conditions f^r their prolific growth

Donaldson(1963),Logan,Rezak and Glnsburg( 1964) consider t'->ese as organc-sedi-

mentary structures and their various forms and types being due to the environ

mental factors.

Dololutiles and calc slates - The uppermost parts of the Dichli Dolomite

formation comprise dololutites and calc slates. Texturally,the micritic dolo-

lutltes reflect a change to calm water conditions. These recks may have been

deposited in protected shallow lagoons under oxidising conditions as is indi

cated by purple colour of slates and insoluble residue.

From the above, it is evident that the Dichli Dolomite and Quartzite

Formation were deposited in extremely shallow waters and belong to the
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platform fades of Sloss(l947), ortboquartzite-carbonate fades of Pettljohn

(1957, p.613) or may correspond well to the stable shelf association of Krumbein

and Sloss(1963,?.603).

8.2-3 LALURI A MEMBER

The Laluri A Member predominantly comprised of black slates and phyllitic

slates which were undoubtedly deposited as black amorphous mud and later

compacted to shales. Such a deposition can take place in a reducing anaerobic,

euxinic environments with very low oxidation - reduction potential,poor bottom

ventilation and very slow rate of sedimentation(James,1954; Pettijohn,1957,

p.622; Dunbar and Kodgers,196l, pp.202-208; Krumbein and Sloss,1963,p.566).

Such anaerobic conditions might have been generated below 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.

8,2*4 KHATTUKHAL LIMESTONE.LOWER AND UPPER UTTARKA3Til LIMESTONES AND BANGAON

LIMESTONE

As has already been described in Chapter 2, the Khattukhal Liraestone

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 overlying* black slates of the basal

Dhanari Slate. These limestones contain grey-black,carbonaceous and pyritiferous

insoluble residue. According to Krumbein and Sloss(1963 ,p .570), such lendform

micritic limestones represent euxinic restriction,quite and stagnant water

conditions within the pH stability field of CaCO . Similar depositional condi

tional conditions can also be imagined for the Lower and Upper Uttarkashi

Limestones and Bangaon limestone which resemble the Khattukhal Limastone(Chapter 7).
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The euxinic reduoing 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 distinct petropraphic,chemical and inso

luble residue of the Dichli Dolomite may in fact be due to diverse environmen

tal conditions. It is likely that topographical and basin relief which are ulti

mately controlled by tectonisra of the region are the possible causes for two

different environments. Such an inference is based upon their stratigraphical

position in relation to the Deoban Limestone which in the area is possibly

represented by stable shelf and euxinic fades of carbonates,

8.2-5 DHARASU FORMATION

This comprises laminated,grey-green-purple argillaceous quartzites,slates

and phyllites(p.l9). The quartzites of the Dharasu Formation can be best descri

bed as quartz wacke (Krumbein and Sloss,1963,p.169) or may be broadly classi

fied as clayey protoquartzites (Pettijohn,1957).These quartzites are less

sorted,mineralogically and texturally immature in comprison to the Quartzite

Formation. The slates are invariably sllty 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 31oss(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 is evidenced by poor sorting,increase in finer argillaceous

material ln quartzites,poor rounding of detrital grains etc. The low energy

environment is indicated by delicate preservation 'of the lamination
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(Pettijohn,1957,p.553).

As indicated earlier (p.210), the Dharasu Formation occupy the same stra

tigraphical position as the Quartzite Formation with regard to the overlying

Deoban type of limestones(Bangaon Liraestone,Dichli Dolomite in the area. If

this explanation is accepted then we have to presume their deposition in two

different environment during the sarae period. This may be possible by assuming

stable and unstable self conditions for the Quartzite and Dharasu Formations

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 Jhar^su Thrust.

At least their stratigraphical position and similarity of the finer quartz

grains testify this.But due to complete lack of any time-unit control and normal

stratigraphical contacts between these, formations, this viewpoint remains more

or less hypothetical.

8.3 TECTONIC HISTORY

On the basis cf the field and laboratory investigations which have beer;

detailed in earlier pages, the tectonic interpreted n of this part of the Lesser

Himalaya is attempted.

During the Precambrian,the deposition of possibly the oldest Quartzite

Formation seems to have taken place under stable shelf conditions. In case of

the northern belt,the basin of deposition was at least 15 km. northeast of Its

present geographical position. Possibly,simullaneous with the above, the

Dharasu Formation was deposited under unstable shelf conditions.

The above clastic sedimentation was followed by predominantly chemical

precipitation 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 deposition of the argillace

ous, Laluri-Chandpur Formations, Dhanari and Pokhri Slates. At places,carbonates

were again accumulated in sraall b?.sins(Upper Uttarkashi Limestone).

Ultimately the sedimentation in the area ended with deposition of arena

ceous sequence compdsing of Nagthat Formation,Dunda and Bareti Quartzites.

However, it should be noted that the exact shape of basins and their geographicd

distribution is difficult to 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

Upper Cretaceous,broad flexuring and tilting of rocks have taken place. During

the subsequent dominantly thrusting pha -e,the area witnessed the form-tion of a

subhorizontal dislocation plane in the north'rn Quartzite Formation belt which

was thrust from NE to SW over the Dunda-Uttarkashi Formation. The Uttarkashi

Thrust Sheet,as has b en named in this work,is persistently marked with meta

basics at its base. The emplacement of raetabasics have been contemporaneous to

the m-veraent of this thrust sheet. The folltation (S ) in the raetabasics and
is

Uttarkashi-Quartzite Formations^doveloped during metamorphism and thrusting

while quartz,sericite and muscovite CL. lineation) recrystallised in the 'a'

direction of tectonic transport.

The truncation of the Dunda Thrust by Singuri Thrust indicatesthat the

Singuni Thrust Sheet moved over the Uttarkashi Thrust Sheet after full scale

development of the latter. The formation of the Dharasu Thrust Sheet and Krol

Nappe (thrust sheet?) took place in succession since the former overlaps the

Singuni Thrust Sheet in the northwest. Their gradual aouthward disposition -.nd
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overlapping clearly indicate successive development of the thrust sheets from

northeast to southwest.

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 (S„) and microcorrugation (L-Muring 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 Tons Thrusts,North and South Almora

Thrusts etc. However, truncation of many fold axes and their limbs e.g.,(Baragadi,

Nagon and Khattukhal Anticline and Bharkot Syncline also indicates overlapping

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(L2) during the faulting.

The formation of large scale thrusts was mostly facilitated by lithostra-

tigrapdcal boundaries and has unfortunately complicated stratigraphical

control over 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 southern regions including

the Simla-Krol Belt are characterised by crushin, and shattering of rocks

(Tons, Aglar and Krol Thrusts).

The absence of raetabasics frora thrusts and Tertiary formations of the

Outer and Sub-Himalayan region of Garhwal and their persistent tectonically

controlled occurrences along some of the thrusts in the area can possibly be

correlated with the Upoer Cretaceous age for thrusting in the inner Deoban
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Zone, Possibly these thrusts in the north evolved earlier than those of the

Foothll s which are dated from Eocene to Pliocene in age. There seems to be

migration of the thrusting phase frora north to south in the Lesser Himalaya

(Gansser,1964,p.247) coupled with similar shifting of the Tertiary sedimen

tary basins towards the south.

One of the significant feature from tectonic consideration of the area

is the presence of large scale thrust sheets with normal sedimentary succession.

In fact the nappes with huge recumbent folds are absent in this part of the

Lesser Himalaya as have been interpreted elsewhere by many authors(Pilgrim

and West,1928; West,1935; \uden,1937; Valdiya,1964b; Fuchs,1968). The concept

of vertical tectonics,recently introduced by Eremenko and Dutta(l967) in the

Simla Hills,is also not supported by observations made in the field,though many

of the thrusts are inclined at moderate angles and do not exhibit any topogra

phical c-ntrol over their alignment.

The presence of normal large scale thrust sheets has also 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 has used the term thrust

sheets in place of nappe while discussing the Lesser Himalayan structure and

tectonics* " that we actually have to deal with the thrust sheets and

not recumbent nappes"(p.90). The presence cf 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 en strati

graphy and correlation of this zone.
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CONCLUSIONS

The thesis is the first systematic geological work on the stratigraphy,

structure and sedimentati n in an approximately 900 sq.kra. of the Lesser

Himalayan terrain alon;?, the Bhagirathi Valley in Uttarkashi and Tehri distri

cts of Uttar Pradesh. The area comprise Algonkian to Lower Palaeozoic rocks

of the Simla-Krol Belt and Deoban-Tejam Zone of the Gansser(1964). This chapter

summarises important conclusions of the present study.

The various recks of the area have been classified into the following

lithostratigraphicai units:

1. Laluri Formation - slates,quartzites and phyll'tic slates.

2. Chandpur Formation - alternating quartzite and phyllite sequence.

3. Nagthat Formation - schistose quartzites,sericite quartz schists,arkoses etc.
r

4. Dharasu Formation - slates,phyllites and argillaceous quartzites.

5. Bangaon Limestone - dark grey limestones,

6. Garhwal Group - (i) Quartzite Formation - quartzites,quartz schists,schistose

sericite quartzites,metabasics and augen mylonites.

(ii) Dichli Dolomite - intraclastic and algal dolomites and

dololutites.

(iii) Dunda Formation - slates,limestones and micaceous quartZr

ites,

(iv) Uttarkashi Formation - slates,phyllites, limestones,

feldspathic and flaggy quartzites,metabasics.

The structural interpretation of various folds and thrusts ln parts of

the Simla-Krol Belt and Deoban-Tejam Zone succession of the area clearly

indicates that in the southern region the Dharasu Formation has been folded

into an important Daski Svncline -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

constitute 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 w/ith metabasics in the

thrust zones has been interpreted as a folded thrust sheet.This Uttarkashi

Thrust Sheet of the allochthnous Quartzite Formation has moved at least 15 km.

southwest over the autochthonous Dunda and Jttarkashi Formations. On the

other hand, the Singuni Thrust with mylonites in its thrust zona demarcates

the southerly dipping Singuni Thrust Sheet. The erosion of these sheets has

exposed underlying formations in the autochthonous Dunda and Uttarkashi

Windows.

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 (S^) and mica lineation (L^ during thrusting

phase. These aones were then folded along common axes which produced opposite

dipping S ,S and L . The strain-slip cleavage (S ) and microcorrugation
1 2 1

(L~) were formed during the folding phase of metabasic thrust zone.

Acomparison with adjoining structural units put the Shall-Dunda-Uttarkashi

Chuttu Windows in the same strike of an autochthonous belt which runs for

nearly 150 km. in inner parts of the Deoban-Tejam Zone. This belt is exposed

into small windows parallels the Simla-Krol Be*t but is stratigraphlcally

older than the Blainl-Krol-Tal sequence. In the area, the thick Quartzite

Formation and overlying Dichli Dolomite are norraal sequences of the ailoch

thonous zone and are thrust over the Dunda-Uttarkasbi Formations. The normal

sequence of quartzites extends upto longitude 79°0; but is inverted along

with overlying carbonates in eastern parts of the Jeoban-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 porphyry intrusive along the thrust. These

have been initially subjected to higher grade of metamorphism but were later

metamorphosed at shallow depths during the thrusting process.

The widespread metabasics in the Garhwal Group comprise metado1...rites,

amphibolites and chlorite schists. A series of textural and mineralogical

transformations have taken place in response to the changingmetamorp'-ic condi

tions in the green schist fades, due to which the original doleritic and

fine grained basic rocks were gradually metamorphosed to chlorite schists.

Many smaller metabasic 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 Thrusts and a few imper

sistent bodies along the Dharasu Thrust were emplaced during thrusting move-

m •• nt s.

The insoluble res'due from carbonate rocks e.g., Dichli Dolomite,Khattu

khal and Upper Uttarkashi Limestones are characterised by variable colour and

percentage, detrital sand and silt,clay,shale fragments and different chert

and quartz varieties. The chemical and insoluble residue characters of the

Khattukhal and Upper Uttarkashi Limestones resemble each other md suggest

their possible correlation. The carbonates of the area do not show any rela

tionship between insoluble residue and MgO/CaO ratio, Similar relationship

has also been noticed in carbonates from the Calc Zone of Pithoragarh.This

may be typical of the Deoban-Tejam Zone calcareous rocks.

The heavy mineral separations from both belts jf the Quartzite Formation

comprise predominantly a variety Of zircon and tourmaline with rainor araout

of rutile,staurolite,kyanite,an.ialusite,garnet,leucoxene and pyrite. The
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comparative study of these heavy minerals indicates that the northern quartzite

belt comprises more than 90% zircon in its nonraicaceous nonopaque fraction

while in the southern bolt, percentage of all cive tourmaline varieties

increases in normally disposed stratigraphically younger beds. The regional

lateral and stratigraphical variability of zircon and varieties of tourraaline

are significant and also hold good for quartzites in the adjoining areas.

The heavy mineral suite of the Quartzite Formation appears to be greatly

modified during long period 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 possibly

complex metamorphic terrain of the Central Himalayan Geanticline during the

Precambrian. k change in the source rock characteristics is inferred from

different heavy mineral suites of the northern and southern belt of quart

zites.

In the area, the mutual stratigraphical relations are complicated due 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 Dichli Dolomite and Lower Uttarkashi Limestone

and Khattukhal Limestone are mutually comparable. 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 composition.

The correlation of the Lesser Himalayan rocks,as has been worked out by

the present worker reveals widespread quartzite,carbonate and slate sequences

while an uoper limestone and quartzite horizon is impersistently developed at

places. Some of the present day discrepancies in stratigraphical correlation

of the Deoban-Teiam 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 couprising /.Shall Quartzite,Dunda-Bareti Quartzites

and Saryu Valley Quartzites (Rautgara Quartzites) has been correlated with

the Nagthats and Jaunsar Series. The older arenaceous horizon comprising

of Khaira Quartzite, Quartzite Formation, Netala Quartzite,Karanprayag-

Chamoli-Berinag Quartzites underlie the Deoban-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,

Khattukhal,Bangaon,Lower and Upper Uttarkashi Limestones.

The sedimentary sequence has been largely broken into thrust sheets

which seem to have evolved successively,the northern most Uttarkashi Thrust

Sheet being the oldest.



Locality

Alethi

Andhiari

Bagyalgaon

Baldogi

Banchangaon

Banga n

Bareth

Bareti

Barkot

Basul

3aun

Bhaldiana

Bhanolti

Bharkot

Bhatwari

Bhawandevi

Bheti

Ch amia 1 n

Chapra

Chaunra

Chaurikhal

Chham

Chirpatiakhal

Chunyali

Dang

Deo

Deosari

Devprayag

Dhanari

Dhanaulti

Dhanpur

Dharasu

Dhauntri

A 2 P E N D I X

LIST OF LOCALITIES

Latitude

30°41' IS"

30° 34"

30° 30' 20"

30° 31' 15"

30c 54'

30" 41 20"

30= 41' 40"

30" 44 10"

30: 38 40"

30 30 30"

30" 45 50"

30^ 28 20?

30f 41

30°34

30°39

30°29

30c>32 40"

30c'38

30°33

30 18 '20 ;

30 >38 •50"

30^\30 •50"

30°21 •20"

30'>35

30n42 •15"

30°32 •30"

30^^32 •35"

30-6'<+0"

30 "39

30° 2 3

30°41 •40"

30°37

30n37

LonRitude

78° 29' 10"

78° 14'

78° 23' 25"

78° 23'

78° 14'

78° 11" 25"

78c 16 45"

78° 24 35"

78" 13

78c 19

78c 21 35"

78c 24

78c 22

78c 21

78" 25 35"

78r 14

78°20

78= 29*1

78' '15

78<" 46 30"

78*'29 '30"

78c 22 •35"

38< 55

78c'19

78c'19

78"'20 •25"

78f'12 •15"

78r 36 •10"

78''23 •30"

78r 15

78f 28 •30"

78f'18 •5©"

78c'31



Locality

Dichli

B'ilsod

i Dinga n

Diul

Dobha

Dodhl Tal

Dunda

Foe Id

Garari

Gangani

Gangori

Ganqotri

Gaphar

G'ansali

Ghunti

Ghuttu

Giur. la

Giunoti

Con a

dlang

Hill 1549

Hi 112153

Hill 2174

"ill 2208

Hill 2288

Hill 2339

HiH 2521

uinna

Iwain

Jastwari

Jogat

Jakanri

Jurjalli

Kandi

Kaudia

K-rsi

Katkhet

Latitude

30°32'45"

30'"44»

30"35'50"

30°23'

30"43 '

30°52'

30"41'40 ••'

30°40'20M

30"37'

30"50'

30" 45 '40"

31"0'

30°30'30"

30°24'

30°22'

30°23'

30°45 '

30"46'

30"32'45"

30-32•

30°33'45"

30°45 '

30°38'35"

30°35'50"

30°43'20"

30°45'

30"46'30"

30°44'25"

30°44'25"

20°38'

30°31'15"

30°44'

30O45'

30°30'5"

30°32'30"

30"33'30"

"0°36'15"

Londtuie

78#24•

78°23'50"

78"23'40"

78° 35'

78°27'

78°31'30"

78°21'

78o21,10,,

78^22'

78°15'15"

78"27'25"

78°56'

78°18'30"

78°40'30"

78°36'30"

78°35'

78°22'

78°17 '

7 8" 19'

79°31'

78°17'15"

78°25'35"

78°21'50"

78°22 '

78°19 '20"

78°19'35"

78°16'25"

78°30'30"

78''29 '

78° 15'

78°25'30"

78c25'35"

78°22'

78°22'40"

78°22 •

78°16'25*

78°16,25"



U -.cality

Khalsi

Khand

Khattukhal

Kiangaon

Kiari

Kot

K ti

Kurarara

Kunsri

Kurchhola

Kup ra

Kutnaur

Lakha Hands 1

Laluri

L?mh"aon

Launga

Maihnaon

Malli

Mandon

Maneri

Maindkhal

M.anour

Marga^n

Mason

Mathyana

Morar

Mussoorie

Mustari

Hag la

I'agri Thak

Naepn

Mag Tibha

Said

Nakuri

Naogaon

Mala

Netala

Latitude

30' 30 45"

30'22

30° 41

30°43

30" 34 45"

30" 44 35."

30a32

30" 31 30"

30° 44 10"

36°25

3 °54

30"52 20"

30 43 55'

30 33

30"30"•30"

30"24

30"44

3033

30" 44 1/in

30° 44 40"

30" 29 20"

30°41 40"

30 '38

30" 41 30"

30" 18 40"

3r 3C 45"

30° 25

30"43

30° 44

30°41 15"

30" 3 4 30"

30"35'

30' 46'

30°44' 10"

30"30' 50"

30"34' 10"

30°45' 10"

Lorigitude

78c 24 30"

7& 21

78c'20 25"

78* 26

78' '15 15"

78' 27 20"

78c'18

78f 22 30"

" 78->19 409

78f'56

78r 21

78' 18 30"

7r »4'

70-'18

78r»30 10"

78'>54

78^ 15 40"

78c 21

78< 21 40"

78 32 25"

78 17

78 29 10"

78" 21

78" 10

78 58 30"

78< 16 25"

70' 3':10"

78' 28 20"

78" 16 40"

»8< 25 25"

78- 20'

78" 8'^0"

78»2 8'

78" 21' 10"

78" 20' 25"

78" 16" 25"
•

78' 29' 10"



Locality

Odalak

Painkhal

Paloni

-an ia la

"'ata

Paturi

Pirhi

Pokhri

-?ratannagar

Punargaon

Ramolisera

Rari

Rishikesh

Rudraprayag

Sada

Sainj

Sanpur

Sankrona

Sarao

Saror

Sar-t

Sarta'i

Shyalna

Silkhal

Silkyara

Sindhol

S*nt>uni

Soman

Srinagar

Syanachatti

Tehri

Tekhla

Thaeli

Thalan

Thaturu

Tiara

Tilbada
Tilkannikhal
Tlmli

Ulya
Ut l-orl,. -»,J

Latitude

30°40'35"

30°39'30"

30 '33'

30'46'30"

30'45"

30^38'

30°25'

30°43'20"

30"28'

30°35 '20"

30"30'30"

30"46-

30"4'40"

30"16'20"

30"42'

30-46'

30"34'20"

30°41'50"

30°42'

30°44'

30°33 '

30"43 !20"

30"43'

30°16'

30°45'

30037*

30"40'

30°40'10"

30°10 '

30"54'30"

30"21'

30° 45'

30°27'

30"42'

30°30 •

30°51'3O"
30°21'
30°12 •

30"18'

30"42 '

78°21'20 "

78n22'50"

78°20'20"

78°22'

7B°21> 20"

78°44'25"

78°32'

78°25'25"

78°28'

78°21'30"

78°21'10"

78°16'

78°18'

78°59 '

78°29'

78°35'

78°19'40"

78°27'20"

78°22 '

78°29*50"

78" 21'30"

78°18'

787V17'25"

78°47'30"

78°16'

78°3 '

78°17'25"

78°9 '50"

78°47'40"

78°22-

78° 29'

78° 2 7'

78°42 '

78"28'40"

78"9 '

78°37'3<n"
78°59 •

79*06 •

78"54'
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Fig.135 Thinly bedded argillaceous quartzites. Individual beds
are separated by bedding joints and measure about 2

metres. Pocks dip SO'due 570*W. Loc. Uttarkashi road
at milestone 71/4.

Fig.136 Thinly bedded greyish green argillaceous quartzite(light
shade )bed (10-15 era) grade to green phyllite(dark
shade).Loc. Uttarkashi road at milestone 74/5.

Fig.137 White small quartz and feldspar porphyroclasts in
augen mylonites. Thin Silica veins permeak the folation.
Pen plunge 50° due S10°W.Loc. Uttarkashi road near
milestone 75/0.

Fig.138 White quartzite lens (Quartzite Formation) in highly
crumpled chlorite schist-, near the Uttarkasd Thrust
zone. Loc.Sankrona An Uttarkashi-Larabgaon road.
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Fig.139 Exfoliation weathering in metadiorite facilitated by
jointing.Fresh spherical modules come out from highly
weathered metadiorite.Loc.Dharasu-Barkot road at mile
stone 17/0.

Fig.140 Cast of symmetrical ripple marks on lower surface of

quartzites. Note sharp crests and smooth troughs. Loc.
Uttarkashi road at milestone 74/1.

Fig.141 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
bank of Dichli Gad.

Fig.142 Section of Parallel current bedding in pure quartzites.
Beds---, dip 60° due S75°W. Loc. Uttarkashi road at
milestone 73/6.

?ig,143 Normally disposed festoon currant bedding marked with
colour laminations in pure quartzites. 3eds dip 40° due
SW.Loc. Uttarkashi road at milestone 74/0.
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Fig.144 Inverted trough current bedding in quartzites; beds are
inverted towards NE. Loc Uttarkashi road at milestone 80/0.

Fig.145 Ball and pillow structure in argillaceous quartzites.

Elongated,elliptical shaped structure is wrapped by ground-

mass. Loc.0.5 km. NE Chapra on right bank of Nagon Gad.

Fig.146 Broad undulatory rippled surface with poorly developed
faint flute casts. Loc.Uttarkashi road at milestone 70/4.

4 • . -

Fig.147 Dome shaped vertical stromatolite columns jointed together

in algal dolomite. Loc. 0.5 km. E Malli on right bank of

Dichli Gad.

Fig,148 Tightly apressed isocllnally folded laminated slates of

Dhanari Slate member. Pen on the bedding surface. The

axial plane dips 50° due N60°E. Loc. Uttarkashi road at

milestone 76/1.
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Fig.149 An asymmetrical syncline in massive argillaceous quartzites.

Hammer along axial plane cleavage which dips 60° due E. The

limbs of the fold dip 85° due 3 60°W and 30°due E. Loc.Kansi

on Sarot-Chapra road.

Fig.150 Minor puckers in laminated argillaceous quartzites. Axial •

plane of these puckers dip 60° due W3W while their axes (line

ation of the slaty cleavage) plunge 10° due SE.Loc.Barethi on

Dharasu -Chapra mule track.

Fig.151 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.

Fig.152 Puckers and kink folds in friable argillaceous quartzites.

Axes plunge 10° due S30°E and axial plane dips 80° N60°E.

Loc. Barethi.

Fig.153 Recumbent fold in Dunda Quartzite member. Beds at lower

altitude dip 75° due S 70°S wb.il- in the centre 85° due

S85°E and near top 45°due S20°W. Loc. Uttarkashi road

between milestones 77/4 and 77/5,
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Fig.154 Gritty quartzite from the Laluri C Meraber of Laluri Formation

exhibiting ellipsoidal and spheroidal coarse quartz grains

in 2 cm. thick bed. Sp,No.6/398, Loc.-0.5 km.Kiari.

Fig.155 Very fine alternating phyllite and quartzite laminae in

phyllites of the Chandpur Formation. Sp.No.5/97,Loc.1 km.

SW Laiuri.

Fig.156 Laminated argillaceous quartzite of the Dharasu Forraation.

Faint,closely spaced slaty cleavage with micaceous sheen

lie at 40° to the bedding. Sp.No.A/392, Loc -Sarot.

Fig.157 Same specimen. Sharply bent foliation by axial plane

cleavage and lineation of kink folds.

Fig.158 '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.

Fig.159 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,Loc.0.5 km.

E Soman.
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Fig.160 A quartzite boulder (14x11,5x 4 cm.) from conglomeratic

schistose sericite quartzite of Quartzite Formation, The

surface is marked with sericite mineral lineation.

So.No.6/298, Loc.0.75 km. SW Singuni.

Fig.161 -Schistose sericite quartzite from northern belt of Quartzite

Formation with a strong sericite -muscovite-quartz raineral

lineation(L1) along the foliation (S2). Sp.No.5/160,Loci km.

N Chaurikhal on Uttarkashi-Lambgaon road.

Fig,162 Schistose sericite quartzite of Quartzite Formation with

poorly developed foliation. Mica and quartz mineral lineation

is prominent. Sp.No.5/163, Loc. 2 Km.NW Chaurikhal on

Uttarkashi -Lambgaon road.

Fig,163 Stromatolitic structuretCollenia columnaris) showing an up

ward increase in diameter of the laminae;algal dolomite from

Dichli Dolomite. Sp.No.A/310,Loc.1.5 km.ESE Malli.

Fig.164 Intraclastic dolomite from Dichli Dolomite. Elliptical,

circular and elongated intraclasts (1.5 to 0.5 cm.) in dolo

mitic matrix. Sp.No.E 25,Loc.1.5 km.ESE Malli.

Fig.165 Pellitiferous limestone of Khattukhal Limestone member

(Dunda Formation). Elliptical and circular pellets (0.5 -2 mm)

in white crystalline calcite. Sp.No.6/12,Loc.15 NW Nagla.
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Fig.166 Strongly crenulated slaty Khattukhal Limestone, The crenulation

and defined by calcite veins. Sp.No.6/473, Loc.Milestone 75/4
Uttarkashi road.

Fig.167 Thinly bedded argillaceous slaty quartzite of Dhanari Slate

Member of the Dunda Formation. The trace of bedding plane on

slaty cleavage is seen, Sp.No.6/475,Loc.Painkhal.

Fig.168 Irregular,partially filled amygdule cavities (drusy quartz)
in fine grained schistose araygdaloidal metabasic. Sp.No.
6/27, Loc.0.5 km.W Dhanpur.

Fig.169 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.

Fig.170 Strain-slip cleavage(S3) along axial plane of slip fold in wea
thered, {chlorite schists. The foliation (S-) is sigmoidally

kinked between adioining,closely spaced cleavage (1.5 mm.)
Sp.No.6/164,Loc.l.5 km.WNW ?ata on Tekhla logging section road.

Fig.171 Same specimen. Strongly corrugated foliation(3 ) surface micro-

corrugation or minor puckers (L.) due to minor slips.
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Fig.172 Asymmetrical minor slip folds in chlorite schists. Thin

Silica veins permeate along foliation (S). Strain-slip

cleavage (Sg) is 0.5 to 1 mm. apart as discrete planes.
Sp.No.6/118, Loc.Kankrari.

Fig.173 Same specimen. Strongly developed minor puckers (L ) on

foliatiAn planes due to intersection of strain-slip cleaave
(S_) and foliation(S-).

Fig.174 Strong mica lineation over rough foliation surfaces in augen
schists. Sp.No.6/302, Loc.0.5 km. SE Khattukhal.

Fig.175 Polished specimen of augen mvlonlte. 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 augers

(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,Loc.Along Singuni-Margaon mule

track,0.5 km.SW Singuni.
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Tourmal-tne characteristics frora southern Quartzite Formation

belt

Fig.176 Large birefringent microlite inclusion (tourmaline?) in green
tourmaline. Pol.X 160.

Fig.179 Striations as basal partings in rounded pink tourmaline.
Pol. X 160.

Fig.180 Anhedral brown tourmaline with conchoidal fractures.Pol.X 160.

Fig.181 Secondary authigenic tourmaline overgrowth upon rounded brown
tourmaline with a gradational zone. Pol. X 160.

Fig.182 Black,opaque,nonbirefringent needle shaped microlites in
rounded green tourmaline. Pol» X 160.

Fig,183 Prismatic euhodral pink tourmaline. Pol X 160.

Fig.184 Authigenic secondary overgrowth upon rounded,fracture,green
tourmaline with sharp contacts. Globular inclusion in brown
rounded zircon in right hand corner, Pol. X 160.

Fig.185 Typical heavy mineral assemblage frora southern belt. Rounded
tourmaline of various shades and inclusions. Pol. X 45.

Fig.186 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.

Fig.187 Rounded pink tourmaline with many globular inclusions.
Pol. X 160.

Fig.188 Elongated,elliptical green tourmaline with numerous bubble
inclusions in the centre. Secondary overgrowth incipiently .
developed.PoliX 160.



!
*

FIG. 173 FIG ng FIG. ;eo

FIG. IS I
FIG. 182

F/G. /&4

i

F/G. /8S

F/G. IS 7 # FIG. IQQ



?ircon Characteristics from Quartzite Formation

Fig.189 Zoned prismatic rounded zircon with radial fractures
Pol. X 160.

Fig.190 Globular mineral inclusion in zircon. Pol.X 160.

Fig,191 Rounded colourless zircon with globular microlites;
subhedral yellowish 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-
'O1.X70,

Fig.194 Sounded 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 Typical phyllite from Chandpur Formation. Silt size quartz

rich laminae (0.2 mra) are defined by thin sericite laminae.

(Sp.No.5/106). Pol.X 45.

Fig.198 Subrounded sand size quartz and a few albite embedded in

sericite chlorite rich recrystallised matrix in quartzites

from Nagthat Formation.Mica replaces clasts along margins and

fractures (lower right hand). (sp.No.5/139),Cross X 90.

Fig.199 Cataclastically deformed 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 quartz and sericite also recrystallise

(Sp.N.6/415),Cross X 45.

Fig.200 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.

Fig.201 Quartzite from southern Quartzite Formation. r'ell rounded

very coarse sand size detrital quartz embedded in fine

sand size quartz exhibitine bimodal distribution.Large quartz

grain shows deformed lamellae.(Sp.No.A/315).Cross X 15.

Fig.202 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 chlorle.

(So.No.A/198),Cross X 90.
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Fig.203 Fine grained quartzite (Quartzite Formation).Inter locking

detrital quartz,incipient grains elongation and profound

granulation along margins. Sp.No.5/189,^ross X 90.

Fig.204 Profoundly granulated detrital quartz in schistose sericite

quartzite of Quartzite Forraation. Fine quartz of groundmass

coalesces with detrital graidmortar texture). A few fract

ures run across quartz clast. Sp.No.A/130,Cress X 90,

Fig.205 Extremely elongated (1:5) quartz grains along foliation and

exhibiting profound granulation in quartz schist near

Singuni Thrust of Quartzite Formation. Sp.No.5/153,Cross X 45.

Fig.206 Bimodal quartz from intraclastic doloraite of Dichli Dolomite

formation.Coarse quartz grains are well rounded and exhibit

silica secondary overgrowth and marginal replacement by dolo

mite. Sp.No.A/390, ol.X 90.

Fig.207 Coarse rounded detrital quartz from insoluble residue of

intraclastic dolomite.Sp.No.6/44.Reflected light; X 15.

Fig.208 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 Composite oolite exhibiting single ring growth over nucleus

of (i) oolite without nucleus,(Ii) oolite with micrite nucleus.

In upper hand corner oolite growth over quartz nucleus is

seen. Sp.No.A/389, Pol.X 90.

Fig.210 Many rings of oolite growth without nucleus. Also oolites with

quartz and micrite nuclei are embedded in quartz rich matrix,

Sp.No.A/389. Pol.X 90.

Fig,211- Poikiloblastic muscovite with quartz inclusions in preferably

oriented seridte and chlorite groundmass in slates of

Dharasu Formation. Sp.No.6/398, Cross x 100.

Fig.212 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,

Pol.X 90.

Fig.213 Well crystallised and strongly oriented muscovite flakes in

pelitic laminae alternating with granoblastic quartz rich

semioelitic layer in phyllites of Dharasu Formation.Sp.No.

A/382. Pol. X 90.

Fig.214 Silt size quartz embedded in fine sericite-chlorite felt

groundmass of p'-yllitic slates(Dharasu Formation)Note an

angular quartz clast in the centre is marginally replaced

by seticite. Mica rich laminae alternate with semipelitic

layers.Sp.No.6/434.Pol.X 70.
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Fig.215 A typical argillaceous quartzite of Dharasu Forraation.

Subrounded quartz is marginally 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 purole laminated argillaceous quartzite of
Dharasu Formation exhibiting microdisplacement of two

hematite rich laminae by slaty cleavage marked with

hematite coating and recrystallisation of sericite. Sp.
No.A/191,Pol.X 20.

F$g.217 Gradational contact between dark,carbonaceous chert and
calcite rich laminae.A few clacite rhomb are seen in

colourless ealdte lamina**.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. Pdl.X 20.

Fig.219 Recrystallised,interlocking and preferably elongated
calcite in limestone (Upper Uttarkashi Limestone.Sp.No.
6/68,Cross X 70.

F£g. 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 raylonite. Sp.No.6/297,Cross X 100.

Fig.222 Perthite porphyroclast from augen mylonite;profound replace

ment by sericite of the groundmass ilong fractures aligned

parallel to the fo b'ation.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 albite 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 R-gularly fractured garnet (almandine) Porphyroblast surrounded
by chlorite in sericite quartz rich groundmass of augen
mylonite. Sp.No.5/180, Pol.X 45.
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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,Pol.X 90.

Fig.228 Twinned basal augite hypidioraorphic crystal In metabasic

embedded in chlorite rich grourtdmass. 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

cleavages,hazj» 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-albite?
chlorite rich groundmass. Sp.No.A/316, Pol.X 90.

Fig.232 Sigmoidally twisted chlorite due to strain-slip cleavage in
chlorite. Afew chlorite flakes also recrystallise along
this slip cleavage. White mass is quartz. Sp.No.6/134
Pol.X 40.
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