CHAPTER 111

GEOLOGICAL SETTING

The Breat (Higher! Himalayan range in Kumaun and the base of
the Tethyan Himslayvan Senquences, referred to as the “Central
Crystallines” {Heim and BGansser, 1937}, and Vaikrita System
{Greisbach, 1881), essentially compriss highly msetasorphosed
Precambrian rocks (Valdiya, 19644 a,b} alongwith Tertiary
leycogranitic intrusions. The southern limit of the Higher
Himelayas {(LCentral Crystzllines) is marked by the Hain Central
Thrust (HCT? first designated in Kumaun Himalaya (Heim and Bansser,
1939; BGansser, 19643 HMisra and Bhattacharya, 19723 Ahmad, 1975
Thakur and Chaudhary, 19835 Chamyal and Merh, 198435 Chawmyzl et 21.,
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The BCT hence, forms the tectonic junction betwesn the Central
Crystallines and underlyving metasedimentaries of the Lesser
Himalaya. Waldiya has however {1973, 1979, 1980, 1981, 1993) put
the WCT at‘ z higher stratigraphic level. He has designated it as
the “Vaikrita Thrust® or the FCWOIT and named the MCT of other
workers as the “Hunsiari Thrust’. The northern bBoundary of the
Contral Crystallines is delimited by the Trans Hisadri Thrust
Valdiya, 1979, 1980, 1987, 1988 b}, also known as the Halari Fault
{Kumar eft al., 19725 Yaldiya, 19733 Shzh and Sinha, 1274), =
detachment fault along which the crystallipes have moved Faster

than the cover sediments of the Tethyan domain.
CENTRAL CRYSTALLINES

The Central Crystalline thrust sheet predosinantly consists of
granitoid rocks zlongwith associated schists, amphibolitic lenses
and bands of micacepus guartzites. The granitoids ezinly comprise
sizreaky gneisses, auvgen gneisses, porphyroblastic gneisses,
granitic gneisses, waigmatites and granites. The Central
Crystalline rocks are very intimately interaixed and hence it is
vary difficult fo precissely demarcate various lithologicsl
horizons. Horegver, due fto high rugpedness of terrain and
inaccessibility,; precise demarcations is even otherwiss impossible.
Hence, the author visited alsost all accessible exposures in the

valleys of Pindar, Sarju, Ramgangz, Soriganga and Darsaganga and
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worked out z broad lithotectonic succession (Tablie I.13 of these

rocks from south to north (Fig. I.33.

in this chapter, the author has described +the field
characteristics of the Central Crystallines that overl:iz the RCT
= FMunsiari Thrust of Valdival. These rocks are sediws bo cparse
grawngd and show mseitamorphise from gresn—schist facies 3in the
thrust zone o upper-—amphibolite facies in the northern pariés. The
author hazs described the wode »2F ococurrence of the GCeatral
Crystallines in the walleys of Pindar-Sarjue,; Ramganga, Goriganga
and Darmaganga separately and then synthesicre the information to
obizin 3 preciss and comprehensive fisld picture of the granitoid

rocks.

PINDAR-SORIU VALLEYS

The Central Crystalline rocks in the Pindar-Barju valleys
trend ME-5E to E-¥ with soderate to gentle dips doas § to HE. The
Hain Central Thrust is encountered north of Loharkhet (Figs.1.3,
ITI.1,2). The thrust zone is characterised by a3 thin horizon of
fine grained chlorite and sericite schists. Hith imncreasing
chleorite conteni the rock becomes more and more greenish and are
known as chliorite schists. With increase in sericite conftent they
pass onko fthe phylloniftes becaoming grsyish to brownish in colour
aznd exhib:ib strong cleavage. These rocks zeem 2 have been formed

due to intensive shearing and reftrogressive metamovphise as they
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Fig IOI.l
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GEOLOGICAL MAP OF THE SARJU -PINDAR
VALLEYS HIGHER KUMAUN HIMALAYA
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Fig. IIL. 2. GEOLOGICAL CROSS-SECTION ACROSS SARJU-PINDAR VALLEYS
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occur in the vicinity of the Hain Central Thrust (Herh, 1984;
Chamyal et al., 19843 Chaaval and Yashi, 19893 Chamy=zl and Hanudip,

19943,

Tectonically, overlying the phylloniftic zone is encomantered a
thin horizon of garnet mica schists. These are fine to medium
grained vrocks shoxing wvery well developed cleavage. They are
parzlilel to the phyllonitic horizon and comprize mainly bioktite,
muscovite, guartz, feldspear znd garnet. Hithin this horizon are
seen numersss gquartzo-feldspathic veins. These schists are crushed
and sheared alt places, probably owing to their nearness to the
thrust zone. 6% places they also show developaent of corinkles.
The schists graduslly berome more feldspathic towards north and
passively pass over o 2 thick horizon of augen gnheisses as seen

near Dhakuri.

The augen gneisses are fTine o medium grainsd and mainly
conprize fTeldspar, guartz, biotite and suscovibe. These augen
gneisses point to an increasing granitisation, wherein the feldspar
grains have grosn into well defined “auvge” (Plate ITI.1). Hithin
these schistz and gneisses aré seen sporadic lensss of concordant
amphibplites. These exhibit sharp contacts with the country rocks,
but they conform to the general trend. These are dark grey to dark
green fine to medivw grained rocks and are divisible into massive,
folizted and sheared warieties. They consist of bhornblende,

biotite, guarktz and feldspar and are encountered as linear bodies
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at Rikhari and Talla Dhakuri in the Earju and south of Surag and

Fhati wn the Pindar Valleys.

Overliying the augen gneisses, once again 2 schistose horizon
is encountered extending from south of Khati in the Pindar valley
to Bupi in the Sarja valley. These schists also confors o the
genzral trend of MH-SE to E-W with dips of about 25° — 30" due NE to
N respectively. These schists are highly micaceous, well foliated
but garnets are significantly absent. The minerzals visible in hand
specimen are guartz, biotite, muscovite and feldspar. Around khati
once again augen gneisses are ssen exhibiting trend identical to
those of the schisbtose horizons. The contacts are rather
gradational. South of Khati near Umia Mala, once again a thin
horizon of garnet mica schists is observed, which i=s overlain by a
thick augen gneissic band. Further north around Bwali a very thick
conspicucus horizon of micaceous quartzites is encountered. They
are fine to medium grained and contzin considerable amount of mica

alongwith guariz and rarely garnet.

North of Bwali on way to both Kaphni or Phurkiva one would
find garnetiferous augen gneisses and migmatites. These are fTine
to mediuw grained rocks comprising fTeldspar, guarkz, biotite,
muscaovite and garnet. The migmatites cosprise the pzlzeosome and
the neosome component (Plate ITI 23}, Further north these hworizons
graduzslly merge into the garnetiferous kyanite gneisses and show no

change in the trend.

£471



Plate 111.1 ftugen gneiss at Jhuni in Sarju Valley

Plate 111.2 Migmatitic rock near Kaphni glacier in Pindar Valley



RAMGANGA VALLEY

In the Ramganga valley the Hain Central Thrust is encountered
north of Hokara and Iittle south of the Kethi (Figs. II1.3,4)
wheregin it is evidenced by the savere retrogression of the
pverlying garnet micg schists into chlorite schists and phyllonites
in the bthrust zonpe. The general frend is E-W Eo HME-5E with dips
ranging from 20-25° due N and ME respectively. Overlying these
schists occur the augen gneisses arowund Boginz (Plate I1X.3).
These are fine o medium grained rocks showing well developed
Tauge " . These msinly consist of feldspsr, guartz, biotite and
muscovite and show numerous intercalations of schists. The augen—
gneisses fTurther north of Gogina graduslily pass into a thin
schistose horizon. Theze are particularly devoid of garnets and
are more feldspathic in their mineral content. These conforam to
the general frend passively mserging into augen gneisses around

Mamilk.

On the opposite banks of Ramganga on way to village MNamik,
around the Hethi Rauli stream a thin lense of quartzite is
encountered; with increasing feldspathisation, it gradually changes
over to sugen gneisses (Plate [1I1.4). HNorth of Mamik once zgain
waell developed garnet mica schists are enrounbtered, made up of
mainly guarts; feldspar, biotite, muscovite and garnets. They do
not show any change in the ftrend and are gverlain by a very thick

horizon of augen gneisses. The gneissosity of which 1s marked by
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Fig. TI,3
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GEOLOGICAL -MAP OF THE
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Fig. IT. 4. GEOLOGICAL CROSS-SECTION ACROSS RAMGANGA VALLEY
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Plate 111.4 Quartzite passively changing over to augen gneiss at
Wethi Rauli in Ramganga Valley



the ‘auge”. These are dominantly coarse grained and comprise
feldspar, gquartz, biotite and euscovite. Further north on way to
the Ramganga glacier a thick horizon of micaceous quartxites is
observed; breaking along the micaceous planes the mica shows a
definite orientation. They are medium grained and mainly comprise
guarktz, feldspar and garnets at few places. Overlying these are
encountered the garnetiferous augen gneisses. These are medivm to
coarse grained with the auge defining the gneissosity. They show
a similar trend of E-W to NW-SE with dips ranging from 25° — 35° due
M to NE, showing similarity in the structural sleassnts with the

adjacent horizons in the Ramganga valley.

GORIGANGA VALLEY

The presence of chlorite schizsts and phyllonites south of
Munsiari marks the HMCT zone in the GBorigangz valley (Figs.
I11.5,6). The zone is treceable westward froa south of Kalamoni up
to Birgaon. The phyllonitic rocks are highly cleaved crushed and
sheared. These are the reirograded products of the overlying
schistose rocks. Mear Halamuni asphibolitic lenses are observed
within the =zugen gneisses. These are seen foreing fold cores at
places {(Plate III.5). The amphibolitic lenses are sither folisted
or massive and are of dark green coloured medium grained consisting
of mainly hhornblende; biotite; quartz and feldspar. The
amphibolitic lenses are alzo intercalated with numerows guartzo—

feldspathic weins. These exhibit sharp contacts with the
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Fig 1II.5

GEOLOGICAL MAP OF THE
GORIGANGA VALLEY HIGHER KUMAUN HIMALAYA
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surrounding rocks. A similar lense is observed north of Madkot
also. The schists as observed near Ranthi arve also deformed to
some extent as they occur in the vicinity of the thrust zone and
run parallel to the underlying phyllonitic horizon. The general
trend is MW-G8E with gentle to moderate dips ranging from 15" to 209
due ME. At places these schists are crinkled. The schists mainly
comprise biotite, suscovite, quaritz and fsidspar. The schistose

rocks are highly intercalated by quartzo—feldspathic veins.

Towards norith of Ranthi the schists become more feldspathic
and graduzily pass over o a2 horizon of augen gneisses {(Plate
I11.462 near Punsiari without exhibiting any change in the general
trend. &t places these gneisses show intercalztions of schists on
a very minor scale. The augen gneisses are fine o medium grained
and also show crinkling at some places {(Plate 1iI1.7). Thase are
mainly composed of feldspar, guartz, biotite and muscovite. Worth
of Munsiari once again 2 schistose horizon is encountered without
any perceptible change in the general trend. These schisiks are
well foliated and show a NW-SE trend with 25% — 35% dip due HE.
South of Lilam =2 thin horizon of micaceous quartzites is
encountered. Humerous guartzo—feldspathic veins are ssen
intercalatiﬁg this quartzitic horizon. These quartzites mainly
comprise quartz, with some biotite, muscovite and feldspar. At
places fhese guartzitss also exhibit crude foliztion dus to

orientation of the amica flakes.
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Plate 111.5 Fold core amphibolite at Kalamuni 1in Goriganga
Valley

Plate 111.6 Augen gneiss near Munsiari in Goriganga Valley



iz observed near Lilam, with numerous schistose intercalztions.
Zi‘-l‘-;s MY

The trend remains same i.e. MW-S5E but the dips beigme & littlggﬁ/
high, around 40° — 45% due NE. The gneisses are mediﬁkﬁggg;neg:
Morth of }ilam near Rupsia Bagar a thick conspicucus horizon of
micaceous gqguartrites is ogbserved, consisting wmsinly guartz,
muscoviie and feldspar and containing garnets. The gquartzites are
highly jointed showing s trend similar to those esxhibited by the
overlying garnetiferous gneisses, however the dips become moderate,
being of the order of 20° — 25 due ME. The gneisses are medium
grained with garnsts developing to the size of 1-3 sm, aligned
along the foliation planes., &t Bogudiyar, the garnsiiferocus augen
gneisses show development of well developed crystals of blue
caloured bladed kyanite. The kyanites are 1/2-1 co in length and

are aligned z2long the Toliztion planes of the garnetiferous

gneisses.

Horth of Bogudivar the gneisses become rather coarse grained
with garnet and kyanite disappearing. The gneisses become
porphiyrablastic and contain well developed porphyroblasbs (Plate
I11.8} of oval to rectanquliar shape, ranging in size from 20 x 25
cm o 19 x 30 om in ocross—section. The porphyroblastic gneisses
gradoeazlly change over to granitic gneisses. The granitic gneisses
northwards near Nzahar gradually msmerge into the massive
garnetiferous tourmzaline bearing granite, 3 medius to coarse

grained rock sainly comprising, quartz, feldspar, bictite,
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Plate 111.7 ftugen gneiss showing crinkling near Jimighat in
Goriganga Valley

Plate 111.8 Specimen photograph of a porphyroblastic gneiss
north of Bogudiyar in Goriganga Valley



muscovite, tourmaline and garned. Towards north of Nahar this
granite merges into garnetiferous gneisses without sxhibiting any
apophyses or thermal aurenle, or sharp contacis. However, younger
tourmaline bearing pegmatitic and aplitic intrusive veins are
observed in the vicinity of the Nzhar Devi granite cotting the
garnetiferous gneisses at Chikani. These are mediom to caozarse
grained rocks and comprise guartz, feldspary muscovite and
touurmaline. fAssociated with these garnetiferous gneisses are thin
horizons of calec—silicate rocks. Further north highly sheared and
crushed schists are sncountered near Laspa. This is the zone of

the Trans Himadri Thrust beyvond which lies the Tethyan domain.

DARMINEBANGN VALLEY

The flain Central Thrust is abserved north of Myu in the
Darmagangz valley marked by typical retrograde rocks, phyllonites
and chlorite schists (Figs. I1I.7,8). The trend of these rocks is
NW-SE with dips vanging from 20° — 25° due ME. The phyllonitic
horizon gradually changes over to the augen gneisses {(Plate III.9).
The augen gneisses mainly comprise feldspar, guarts, biotite and
muscovite. Further north without any change in their trend the
augen gneisses merges into the garnetiferous augen gneisses near
Baling and further north to kyanite bearing gneisses. HMear Urthing
garnetiferous augen gneisses are observed. A11 throughout, the
rocks show no change in their trend, however the dips become

steeper from 20° to 352 due ME as one moves novthwards. The garnets
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Fig . IL,7

GEOLOGICAL MAP OF THE
DARMAGANGA VALLEY HIGHER KUMAUN HIMALAYA
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and the kyanites are aligned along the gneissic foliation. The
gneisses are medius to coarse grained comprising predominantly

feldspar, guartz, biotite and muscoviie.

A1l ziong the Central Lrystallines as gbserved in the Sarju—
Pindar, Ramgangz, Sorigangza and Darmaganga valleys the Main Central
Thrust zone is marked by the presence of the thin horizons of
highly sheared, crushed and retrograded phyllonites. The thrust
zone is typically characterised by nusmerous landslides (Plake
I1T.303, tilting of terrace materizal, waterfalls (Plate IIY.11} and
an abrupt rise in altitude to the north. The base of the Central
Crystalliines is marked by mica-schists and sporadic concordant
amphibelitic lensesy exhibiting sharp contacts with the country

rocks.

A ftraverse passing from south o nﬁrtﬁ af the Central

Crystalilines reveals the following zonal arrangement @

In the southern parts in the MCT zone the garnet—mica schists
and mira schiskts exhibit retrogression %o chlorite, sericite
schists and phyllonites. Whereas, northwzrd the schists exhibit
feldspathic nature, passing into augen gneisses with gradational
conftacts. These augen gneisses with gradual increase in feldspsre
content amnd sisultaneous decrease in the guartz content passs into
zugen gneiss, and porphyroblastic gneiss, granitic gneiss and

finally granite with nearly homogencus appsarance. The original
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Plate 111.9 Augen gneiss near Sobala in Darmaganga Valley

Plate 111.10 Landslide in the Main Central Thrust zone, Goriganga
Valley



gneisses are found to retain the relic fabric of the parent rocks
{Plate III.12). All the gneissic horizons are found at similar
stratigraphic levels in 8arju, Pindar, Ramgangz, Boriganga and
Darmaganpga valleys. These granitoids show no structural
discordance wmith asspciated schistose and micaceous guartzite
horizons and regionzlly exhibiting similar trends. The micaceous
guartzites have gradational contacts with associsted gheissic
horizons and locally show development of crude foliation. Except
for the younger leucocratic tourmzline granites and aplitic and
pegmatitic veins observed in the Gorigangz and Pindar wvalleys,
nowhere else is noticed any kind of intrusive and discordant nature

of the granitoid rocks.

It is now well established that a close relationship exists
between metamorphism and granitisation in orpgenic belits where
gradational junctions between granitoids and country rocks, absence
af thermal auresoles, interbanded nature of two litho-units,
coincidence of foliztion and schistosity, variation of grain size
within a single or different bands, variaztion in thickness of
bands, occurrences of schistose Tafits within the granitoids,
preservation =nd continuity aof strai:igraphy and sbtructures,
variatzon in chemical composition of bands eltc, are recorded. This
fact is adeguately corrcborated in Hisalaya by Powar (1972} in the
northeastern par¥ts; Hisra and Bhattacharya (1976) in the Sariu,
Pindar and Ramgangza valleys; Valdiya and Goel {(19283) and Roy and

Valdiya (19883} in the central sectorg Chamyal (1984) in the Sarju,
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Plate 111.11 Waterfall in the Main Central Thrust zone, Goriganga
Valley

Plate 111.12 Relict of pelitic rocks in the gneiss, Darmaganga
Valley



Pindar valleys zand Sinha (1989} along various traversess; in Higher
Kumaun Himalaya. In the adjacent areas of Sarhwal Higher Himalaya
also, fAgarwal and Humar (1973) in the DBhagirathi and Yamuona
valleyss Siogh and Pande (1985} in Himachal Pradesh; Buptz (1983}
in Dhauladhar range; Virdi (198462 in the Alaknanda and Dhauliganga
valleys and Islam and Thakur (1988) and Islam et al. (1991} in the
Bhilangna wvalley, have given more or Igss sisilar field and

teckonic setup for the granitoid rocks of Higher Himalaya.
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