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THE AREA
B o

Location wng Extant

The region included in the prasent work i situsted
betwesn the Nosth lstitudes DO° 40° to 20° 50 and East lone
gitndes 79° 60 « 30 05! covering parts of Survey of Indla
1 1 50,000 toposhosts numbering 63 /14, B/13, B/1 and R/2,
forming a trast of ChamolS district of Uttsr Pradesh, Eape
%und (latitude 20° « 40* longitudes 76° 867), & place 53 lms,
from Joshimath makos the starting point of the ares. The
- Gistanees coversd wors Shapkundelislerd 12ms, Maleri « Somna
£l kmg md Halari « Uit 17 kmse

Access

The laat point in the arex appronched by a motor
vehicls iz Haleri, vhich 15 connscted with Joshinmath with
a notoratle road, The rond is not yet opan for public tre-
£ic. Places beyoné Malard csn be resched through traceks
md Pridle paths oply. Most important smowng them are the
Halurd « Somma tracts and the Malsrl « Nite beidle path.
The forner; passing along the steoply sloping gorges, is
asfficult and dsngerous gspscially after 8 kms, from Nalavd.
The later; Malard » HittL Wridle path, is comparatively
Sasye

Joshimath 43 & town on Rishikesh « Badrinath
pligrinage moptor vosd 272 Yus from Rishikesh, The voad



s subjacted to frequant road blocis in the reiny season,

Climats

The region variss in slititudes fyrom 3000 m ond high,
As might be expected at such hights, Alpine type of &linate
prevalls over the sres. The sumer Bean tesperature is below
18% ¢ wiile the winter mean 3 balov the freesing pointe
Precipitation 18 chiefly in the form of s, Bains are not
torrential Yut in the form of Arisxling., Whole of the ares
gets covered with snov during the winters. In the lover pore
tion the snow is melted by the g of Mareh tut the peaks of
the msowmtaing remain mnder perpatual ice exp»

In sceordance with the tlimste, the vegelstion in
the arsx {s of Alpine type. Thrae zomas of vegetation san be
demarcated. The portions below the sltitude of 3000 metres
ars reprasanted by the forests of Decdsr (€adrus decdsr) and
Buipatra (Betula alnoides) detwsan 3000 metres snd 3400 metres
nized and above this upto 4000 swtres only grass and shrudy
bushes are fowd, Beyond ths altiétude of 4000 wetres no vag~
etation is present and the ares assums & darren, rugged, wind
swvept M frost Mitten characters |

Hits ix the last Indian village In the valley. AL)



the inhaMtents of this wres who 1ive in villages in the
valley have to oiprato along with their eanttlas to the
lower places duwring tho vinter. The main dut bare soe-
wation of the peopls now is sheop forning sgricdtursl
erops of barley, Kotn snd potato sro grown only in szsll
fevourable plots in the valloy, btut the yleld is guite
POOY,
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BEnos R

There i no published recond of geologle work in
the ares propers ﬁamr, & good sconumt of geology of the
adjoining arens is avallisbls, Thess areas inciude the Oople
gangs Valley snd Kalinadl Valley in the Rosaon, Leptalefange
charalls track, along the Xmuwrdl pass, AlmavseKaramprarag track
s Mvm¢m1mtmmmManm ars
due to MIDDIE MISS (1887), ORIBSBACH (1A0Y, 93), DURRAR!
HAYDER (1938), AUDEN (1038, 20), HEIM snd GANSSER #1930) snd
GANSSER Qm), The contribution of Helw and Gmasor vho have
toten Sntensive traverses in the areas lying in Eaat, South mnd
FortheWest s deserves spetial memtion, Cansser (1964) has come
piled; all the avalladle though scanty informstion to complets
8 s

FRESENT _WORK

The geological traverses in e srea vare mdertaken
with s viev to stuly the geriogy, structure ad atratigraphy
of Hluslays noyth of main axiss Thoe mginesring aspect of the
geological factors sffecting the rosd alignmont, construstion
and stability were also studiel, -

The non-aveilebility of the Base aps of suitable
scoles had deen a mejor handicap in debail meppings About
200 spacineng were oollonted mnd structurel data were obtained
in e 1414, Yors than 40 thin sestions of the rotlts wers stue
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died vnder the polerising microscops. The fosalls collected
wers studied snd sozs favourabls sholss examined for micros
fossils,

The geological mapaand sections were prepared
(Figs 1 to 9) snd possible stractures of the avea deline
ented;
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The area under investigstion ldos partly in
he Central Himaloyen end partly in Tethys Simalaysn belts,
Raturelly; the srosion by wind and rivers is firther accenw
tusted by the frost weathering and fce. The geologicanl actice
of 1os hod a profound impast in shaping the pressot physioe
Eraphy shd the presmnce of norainsy evidences of siver dwmme
ing snd avalanche £all at rolatively low levels prove that
L0 was n very importent agent in geologically rscent past.
Although, at present timgs the snow lins has gone a Little
higher and most of the srex renaing fres of snow during &
graater part of the year, the high peaks in the eres still
rexyin snovw bhound through-out the yours

Troat astion 45 » very fmportent factor to cause
the physioal distntigration and slthough 1t ssswies inports
ance during vintor seasons it has to be taken into sccommt
as 1t has a great dearing while consldering the vold alipgnw
ments, The avalmche and water sre also ioportsut agents in
shaping the suwlsce resturas,

Gravity by virtus of groat helght and stewp
slopes X9 of greet help to other sgmts In the sttion by
tringing down tho looss materisl to the valleys, Glecier
in upper renthes and rivers in general are the most fupore
tant agants of srosion and hence the geners) geonorphology
is ocontrolled by dralnage pattern. Retrend of strike mnd



The aren wnder investigation 1ies partly in
the Central Himslaysn snd partly in Tethys Himalaysn beltss
Haturally, the srosion ly wind and rivers i further accenw
tusted by the frost westhering mnd ifce. The geological asotion
of 1ce hed a profound impact in shaping the pressnt physios
Eraphy snd the presence of morains, eviGences of river dmme
ing and avalmche fall at rolatively low levels prove that
$¢e was a very importent agent in geologically recent past,
Although, at present times the snow lins has gone a 1littls
bigher and most of the srex renains free of snow during a
greater part of the yesr, the high pesks in the srax still
reusin snow bownd througheout the yoars

Trost sction iz a very importent factor to ecause
the physical distintigration and although 1€ assmmes inporte
mnce during vintor season, 1% has to be taken into sccomt
AS 1% has a grest dearing while considering the yodsd aligne
nents, The avalanche and water are also fuportsut agents in
shaping the suwrfuce featuraes,

Gravity by virtus of great height and stesp
slopes 48 of grast help to other agents in the action by
tringing down tho looss material to the valleys, Glscier
in upper renches and rivers in general are the most lapors
tont agents of srosion and hence the genersl geosorphology
is controlled by drpinage pattern. Retrend of strike wnd



Joints havo lergely controlled the river courpess Al tho
rivers are wostly floving in nenr gtriks courses When eutting
seroas the joints play impertant rolc resulting into gwrges.

A rief sunsary of the drairoge pattesn therefores,
has been Gescribed in the following pages and an sttempt
has beens made to show othar faotors hove modified the phy-
siographys

River Dhaull Gonge which 43 a trilmtory to river
Alsknands and its tributory river Girthd Gungs sre the two
»ain rivers flowings in this region, The rivars have eut
very doep vallyys ond are joined bty several straame in thedr
entire run, At various confluence points the rivars are
Joined ty astresms almost st right angles The sealler side
stremms also 25 channels through whieh gleclior decend &uwring
vinter and it not rare to find some of these glaciers pere
sisting to the river level even during the sumers, The pro-
fils of valleys 1s gwnarslly ssymmetrical end convex inwerd,
The valley 31de 13 gentler on the higher clovations But dew
come verticel at tho base vhich indicates the accenbustion
of erosion Wy wlifting in tho recent peological post (Prow
£iles in plate Ko5ebcd),

BLUR REATLL

The River Dhaull has nesrly Borthwsouth trend
below Blipknd vhere the valley 1o paralliel o the strike
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of the formations, The weatern slops being gentier while

the Eastern one S8 steeper, At Bhupkund we find a huge ava~
lsnche fall from the Northewsst blotiing the river sourse in
the past, which has given rise to gravel deposits Just above
4ts The river covrzs ia still nat eompletsly slosred of the
avslanche detrds, Heve the boulders bridping the yivers sorve
as panzage to oross the viver In swmere Hob nprings are repoe
réed below the Sheplnnd shops Just at the river Jovel shich
are coversd by the rook boulders end hence conld not de seen.
The nwso of this loselity as Bhepkund (Dhap = stesn, Xund »
seall wator body) has its origin for the Sume TEASOn.

While moving wp strawe the river vellay is in the
forn o decp gorge trending Northwesst botuween Bhophkmmd sad
HWalan, This iz Deesuse the river beve euds seross the strike
8l the itugected grapitised Blolits muwrtzita, S111 the valley
will on ths Sonthessst that is on Benkosa side iz comparatively
dass stesper than the other side whiloh 19 in the form of oliff,

At Bhujgarh the valley opens into ths open Malan
Bowle In this rugpged and momtatinsus rettain the Malew end
adjoining area s wide opsn in &T‘; form of & Yovd, base is
£illed by glanial matorial mostly from the Eastern momtadn
slgps end gravel tevvraces below Eailsshpur, The village Halsn
iz situnted over thn plaolisl dsposits ied gextly slopes down,
It 4s slightly zonpastod nfd cenanted may de e 66 gsloarecus
nettar prasant in 4%, The stroamm coning from the smme valley
now has cut 4t olesring its way %o the river; The eroded flanks



of the glacial material disploy beautifully the Exsthen
pi%j:mo& by & rock 'lmﬁaw; which has protectected it
fron being totally washed down, This open spmee can prodadly
be dus to the faet that the thick and hard metmwtm

4n the south ars traversed only by a narvow gorge sd on

the § and NE the various overlying formations are very suh
srushed and 4lsturbed dus to tectonies movenont apsinst the
hard netapeanmitas, naking them easy to0 be crodod sway orsa~
ting this vide open space,

The Eastorn slope of Maleni willage 48 ocoupled
by extonsive soileboailder deposit with collapsed Wroociatod
1inestone and shale Woulders standing out prominently. The
slope is covored Y orass snéd thorny bushes, The ridge in
the North of Malari above tho confluence of River Dhaulil
end Girthi, whows & mojor lmnd s1ide sone, The steeply 8ipe
ping parfect jolnts in the shales (Hartoligerlos) have boen
responsidle for providing thoe plasnes of sssy aliding, 1t
sesxz €o have Gamned the river a4t eonfluence in the past
which has now desn ¢lesred but the gravel doposits, wide
graval filled vallayy ond sliphty changed viver coursss just
adove 1t are ths signes still present,

At village Kalleshpirr and on both sides of 1t the
ground slope is having considerable thickness of glaelsl
deposits derived from the mowntain slops above,

River Dhaull hefore noeting the Oiver Gritht
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belov Rallashpwr has o wide nesr Eastewast couras psralls)

to tho atrike of matupsumitess upto Bampa villages Then
again cutting the netapsamites through o North « south

gorges At Bespo huge 014 glacigl deposit £111s tho walley
brought mainly from the side vuu ' gondng from Horth -west
(5W), It hes now been dlosected by - ley strosn end River
Dhauits On the other side of the gorge lles the village Hitl,
the Jast InGien village in the valleys From there again the
river valley 48 nearly perallsl to tha strike, The South-veste
arn flank of the walloy is the dip slopo of metepsamites snd
other one which 42 oteep partly of matapsamile the Isve half
and rest of tho overlying formations, At Hitl the valley 4s
vido tut of leaser dimmensions as oompared to that at Kalari,

RIVER GIRTHI

The genemal trend of River Girthi &s sastewest,
Dut before joining River Dhauli its course has & ateuts shape,
its convesity towerds Horthewsst. In this part the valloy is
wider and grovel filled, Than ths wallsy Lecomss novmal nerrev
and asyrmetrical. The Southern fisnk that 4s tha left side of
river is boing 4ip slope is gentlier and 4s coversd with sores
materind, Other Llan®: 33 nenr verticsl, Deyond 8 kilometrss
from Nalart the valley beconmes Sesp mmd gorgecus the climax
35 reathed nexr Ofrthi 4ohla Whure the viver has fut & vartionl
gorge mors than 500 metres deep, River Cirthi iz Joindd from
North by R, Kslogsd at Oirtht 4odla, This comes from {aptal
8oumns 91de anld cuts the steeply Alpping limestons and shades,
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through & deep porge (Phote ¥Na, 1 ),

Beyond Somna Re Kafoped has 1ts Southern slopes
gontler mostly dus to the 4ip siope and soft Dlack shalan
fornations,

A&t Somna the R, Yongped eoming fron Riskhin
side meots the Kiogad, The western velley slopes of R, Yong-
gad $» gentler {8ip slope) snd covared with scres nmateriel
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The rocks ancomtered in the ares sre bBlotite-
quartzites vith quarts~biotite schist dands showing ext-
sasive granitization and tourmaline « pegmatite tykes
are overlain by various types of sedimentary rociks, me-
tamorphosed to various degrees and balinging to 4ifferent
geological horizons. Sone of the wpper seiimentary forme
ations, that 1s limastone and shales are fossilifercus
to varylng extents, The fossils in the most of the cases
are inidentifishls wxcopt tho upper most dlack shales
which has rick Triassic foesil sssemdlags, A complete
lathologieal succession with possitle sge eorrelation
is given delow 3

Sexriss Lithologieal Units age

Glacial and river gravel deposits < Plsiztocens to
TN IJ\Y\co-n —Fo'\'r\! A} N ~ m

Black shales 283“& shales with limestons ) Triassiec
{ bands ﬁsumnm)
~—— MW%!% ~~— .
Huth Series ;W vhite quertzite } Devonian
Red Calosrsons Quartzite
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( Noduler limestones with sudordinate
dands of gresn sholes and fossilie

ferous limestones {(prodadly erinols }
sl Yimestone)

{ Plnk shales vith subordinate lfmestones { Stiurien

 White to grey thinlyebedded maris vAth
i distinot shaly bands

Serias

{ Grae Limestones vith subordinnte shales
- Um com,)cd ¥ v ;E'Jo ~—
¢ Rod and Oreen shales snd Ximestons )
showing perfest psncil fractures 5 Ordavichn
md mMng towards upper vm '

';: Dark twmaimm AT enEeRons MQMM

. Drown areneceons limestone (Possilifer~
ous)

{ Phyllitic slates
| Brown weatharing buff dolowite vith beme
ds of weathered ysllov cleyey materis)

{ Orange spotted greenish quartsites Cantrim
' {pyrititerons)

 Oreenish ond purple quertrites with
basal Ralwm conglomerates

— Ul'ne.on,fcwrn.‘/go ~~
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Bmiaa Croem Mﬁt&# a&a‘bﬁa with aude

ordinate quartsitie bands,

i Bluel arennecong Phyllitic sintes
{

{

{ (Miﬂfﬁ"ﬂ”)s

~——— UMQT,—FUV 'J’nf’? ——

{ Ormntticpa Bhotite notapsarmitey we
' Motite « quartxites with bandy
of quart ~ Motite schist
shoving granitisation ena
paguatits veiny and dykces

Motite |
Notys
Plmmiten ‘
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LITHOLOGY
THE BIOTITE META-PSAMMITES

The rocks belonging to the metapsammits serles
are mainly thick blotite~quartzites with quarte blotite
schist bands showing s varying desres of felspathisation.
The original bedding planes of quartzites are rather falthe
fully preserved, although no other sedimentary structures
could be seen, These are locally folded and occasionally
faulted but their general charscter 1s same between Bhape
kund-Malari-Nitl sections. At places in situ slteration, the
ick soil mentle over then is present in the lower Teaches but
are bare on the posky. The blotdte secus has been formed out
of the originagl sultsble sedimenkary minersls constituents by
the progressive regional metamorphism. It shows preferred orie-
ntation parallel to the bedding but due to less in smount schise
tosity is noi markedly developed in quartzites. At some places,
it has also bean observed that s white flaky and fibrous minersl
havlng & resinous lusire has also developed, particularly along
cortaln shear plones. This mineral, appears like kyanite in
the thin sections.

These nelawpsamiies are continuations of the augen
gnelss and guartzites belonging to the central crystalline
of Hewan £Gawsser(1929)
series)vhich 1s thrusted upon the younger limestones, slates
and quartzites at Helewng (6 miles SW of Jeshimath) end which
are taken 28 pre~Cambrien, equivalent of Jutog serios. The

rocks show, a general felspathization and have been traversed
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By tourmalinowpegmatites dykes and velns with occeslongl crys-
tals of boryd (rare)s The pegnatites dytes wre not very levge

or axtonsive a9 £nr as thelr dinmension 45 concerned, the largs
est encounterad in the sres having a width of about 3 n, vary
coarse quorts, foldspors, suscovite and towrnmslino are the

maln main ninercl constituonts of these pegmatiten. Smell quarte-
tournaline vedns are 8lso comson, particularly tho lower horirons,

The rocks show Jocal intense £218ingy perticularly
in Motite rich sonos, dut the guartrite do not show any intense
folding, ™he gencral dips vary from 20° due N 20 B nesr Buaphund
to 3% « 40 Gus ® near Malord. Bolow Malerd Dak Pungsiow the
aips are 45° dun © 80° £ (Joeal) but ot Kailashpur, the dip che
anges to &2° Gue §, Thess are highly Sointed and some small
povement nlong somo joint plans has slso talen place. The ver-
tical joint planes scross the formations are the controlling
factor for tho fermntion of Malard Dhapiund gorges

The neta-psopvites series 1o overlain by Hartolld
serdies enf noagr the oontact the intense granitisstion is very
charactoristice The eontact plans shows erushing of doth the
formations ond rons ayproxinmately ReS through Halarl Kallashpur
and Hiti willeges. The narked 4ifferenco in grade of motamorphism;
the otrilio oné Gip of tho metaepsamitos ond Martelld formation and
crushing podnts not only towards thoilr bdeing of two 4ifferent
ngos but considorable relative moveaent, Nartslis having mod
over tho neto-psamuites, The plane of movenont belng apmmuly
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parsllel o the bedding of metawpsomitess The folspara umar
the contaet have beon Haolinised, quarty develops corrugated
nerging ad grayish dlue cryatals #f tourmaline booone conse
pievons, The granitisation 4o not seen in the ﬁaﬁensgame
quartz velns, howsvor, sre continuing in then.

The nane Martoll Series wos propossd by Heim snd
Gansger (1939) to ineludo lons metamorphossd “esloarsons and
non-galeereous phyllites, vith quarteite layers® Which are
®Joined to the mberlying crystalline series not only dy a
passage in decreasing notomorphisn wpuards, tut also by some
. of the last pegmatite dyltes”, In ths present srex the series
of green md black phyllite slates with subordinste snd quarte
zite bands whibh coma in direct conteet of the metaepsmmsites
are taken to represgmt the Martoll Sories, The naturo of the
contast betwesn the two series has siresdy besn dsscribed snd
1t 1s thought thel Guo to the movesent the lower and upper
nasbers of the Mortoll series ore not vieible in the sren. The
oot that Hartoll Serdes 35 overlain by Relim songlomerates
end guartzites of GCarbysng series, the position eof Hartoll
Serier s more or less wall dofined as in Kumson Himalayve,
Fincey both the Ralanm Conglomorate ond quartzites of Gxrdymng
garies contalin certsin charactweistie litholopies) wndts, vhich
heve beon foumd &n this ares aleog the guthor has taken the
green and Dlsek phyllitic slates vith sudbordinste quarteite os
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representativen of Moartoll Sarics in thls mron

The stratipraphice position of bdlack arennecons
8latos exposcd ot 846 lm from Malardi tovords Girdhd doblo
dus te feulting have blso been "1@?3‘; ﬁ?ﬁm top of Mertoll
Series for tho reasons of tholr dip\and the overlying Ralem
conglemeratec, The quartzites are also groenish with varing
anomts of argillaceous contents. The quartzites shules and
s3ates are pyritiferous, The zhalos showing yellow enarustas
tion at many placods Quartz veins are also quite comzon in

these formaticns,

The Martold Series shows minor folds., The plungo
of the fold axes varying between 12° 8ue § 15° ® to 21° due
8 15° W, Minor fault along joints s quite common. Several
shexr rones ore also developed, 58x to seven sots of Joints
ares usually pressent, which because of thely clone spacing
and perfact nature have resulted into the smooth spguloer fre
agzentation of tho rocko, The totnl thicmess of Martoll forw
mation in this grea is not more thon 200 m, being thinner neor
Rit: villmge,

Saxlooang. Sexlza

The Martoll serics 1s overlsin wnconformebly vy
the OGgrbyang series vith basal Ralum oompglomeratos A greater
part of tho Gardyang corios weo esrlicr doseribed by Helin
ond Ggusser (1930) as Relwn sordes and 1t inclwdod the basal
conglonerats with quartzites and dolomitas. Corbynng series
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was thought to 1le conformadly over the Ralan series dy

them {op, oit,) Ganscer (1954), however, (oes not ragerd

the meonforaity of the Ralan comglonerste very sipnificant

Mn spite of its Antoresting stratigraphic position (p.117)s
During the prassat invastigation the latter view was fomd

to be correct a8 the Ralam conglomerate chow frequent leteral
and wward vardation, Some times these are doop purple conglow
merstes with purple, huff, vhits and grownish quartzite boulde
ors; & om, o 30 ome in leneter, 4 & grewnish oy purple
matrixze But ot other times tho gradation i through grecnish
conglomerats into greenioh quartzites, But st all the places
they overlaln by pyritiferous orange spotted quartzites, It

has b%emgﬁ to inclode the conglomorate as the basel part
of Oarbysng series, Dut as the conglomarates, shen present,
mark a ddstinet horizon 4t was docided to Keep the nomenclaturs
of the conglomarates as Ralam conglomerstes, The maximom thicke
nass of tho conglomerates in this area 4s obout 100 metres but
pinches out in Nitti aresy which may be dus to tostonte ressons
2o

The Gardyang serles 1o separsted from Mertoll series
by & tlear wmconformity marked by Rolen conglomerate at most
of ths places, dut also by the erange spotted quartzites nemr
Riti village, Ths plans of memnformity has asted as the plane
of movement in which conglomerates have moved over the Martolis

vhieh 13 evident fyon the wﬁam;ag m iatter along this contaet,
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The 4ip of the conglomerates varies between 22° to 35° due

8 557 « 80% %, At somo places however 41p changes between 307
to 80° due %, porticularly after the fault ot about 6 km¥ of
Retiashpur,

The Ralan conglomorate series is conformably overlain
by & muccossion of trown spottel quartmlitos, Wownwweathoering
bluleh dolomite; limostones, with subordinats shales, phyllie
tic slates ved calearcous sandstonos (fessiliferous) and thinly

bolided Garle farruginous linestone foywing o thick conformedle
sueeso0ion,

In Wit aren, vhoro Ralam conglonerate cerles has
pinched oul the orangesspotted quurtsites rest cver the Martoll
slates which thasselves have thinned out in this rogion, This
thick succession of rocks has been taken te belong to Gardyang
serico Eﬁgam Gansser (1964), The Garbyang formstion have
baen descrided by Helm snd Cansser (1930) s newth Aipping mono=
Clines of 48 Kn thickness in Kali section znd 1.5 Kn. thickness
in Gors vallsy. Ths ragularity of &ips in the adove section had
led than to delleve this thickness to “eorrespond about to the
original thicknazs®™ (p. 203).

Thoss rocks show many small and winor folding and
are major Monocline (Girthi MonoeMine = Photo, Boss ' o« 27 FF
Plate Ko, 4 ), Some susll normal faults doubly plunging folds
and slicken sidos are slso pressnt, Onp fwportant obsorvation
noted 4n the fleld was that the north - dipping 1inbs are folrly
miforn end extend through out the ridges uwpts top, dut the ante
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f1clinal arehes are visidble generally towpndn the higher top

of the ridges. It 1sy therefors quite poxaible that the monoe
clinal structurs soen be Helm and Ganeser (1909, Omacer 1084),
in Xali ond Gorigangs asotions ars prodably cinilor folds,
with their tops ercded snd hance folding delng rendaral Inconw
splowous, Sumerising, it con be aaid that the onormosus thicke
ness of the Gardysng saries is less then that postullated sarle
fer nay be of the ordcr of 1000 m,

‘%ho orange)~ spotted quartzites sontain erystals of
pyrite and the orange spots are due to the Alteration of pyrite
inte Mmonitc, Rvse cre chiefly chlorite sericite quartszites
with olots of orpillocecus matter. The rownsweathering dolomite
( = Girthi Doble dolomite) As the thiskest horimon in GCarbyang
series, It 15 a blulsh arenncesus Iimestons wvith ferruglnons
impurities and iz elightly Golomitic, The weathering of this
linestone lead to the formotion of lmonito which ocomr edther
s Ww s & brown cover over the rotkz, On both aides
of Girthi Cobla thers are sovarsal large pocdiets of limonits
rich ¢laysy which have naturally dsen resulted dus to sitere
stion of thess dolomitic UUnestones, The teown colouwr is oftn
80 nuch overiticlming that the blulsh Buff cheracter of limestons
is randarsd insignificant, These limestons contalin several
thin slsty dands vhich are slightly chloritic in naturae. The
anticling) part of these thick Aolomites aftar the core materw
il 35 removad by westhering have formed sunll emves at Girthi-
Dobla and facilithte the overnight stay in the sroa,. The over=
iying phylldtic shales ars chsrocteristic as they sepavato the
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thick dolonites from the fosailiforous ved arenacaous liues
stono widch are fairly bedded with fraguont quartrz sxd esle
cits veins traversing along joint planess Thelr gancral dip
varies from 85 to 40° duo 1 4678, loesl floxuros snd small
folding are also prosent but the major structurs is the smme
menotiine (Photo. Bose!.2 ) Tho current bedding in sose
more areecncoous bands indientes o normal sequences These
rocks ars highly jointoed mnd sonme places form dip slopes
(Photo, Hos '2 Js

The whole series 48 traversed with nineralised guarta
volns but th%m £re nmoro prominent in the eonglomerates and

dolewns

quartsites ) (Prots, No, }s

The Ourdyang serics in conformably overlain bty red end
graen shalos vith subordinate eslearscus bands, Tha rocks are
highly Jointed and fractured espscially the shales Wiich show
pencil fracturing, On the desis of their shaly nnture snd stre
alfigraphic position, these shales nve supposed to Sorrespond
to Shielo serles of Helm ang Cangocr (1939), Thess formstions
have peneral aip of 40° dus ¥ 40° ¢ and show minor foldlng end
verping. S4me caleits veins mre present along the joint snd
fragturs plones, some times with traces of chalcopyrite,

The name Sdmna series is proposct for s serlies of greamm~
ish limostones, grsy fossilifarous limestonas with thin shale
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leninag, whiloy yellowish mnd pink shales and fossilifarous
dark gray nodulsr limestono with pubordinate gresn shales,
The entire seriss overlies conformably the Ghials serdon,
The uwpper 1imit of Gomnn saries is olearly damurented by the
overiying rof calearcous quortsite and white quurtzitos have
ing moistakebls offinity with Huth seriess The mome “Bomng®
derdes has been proposcd ag tho vocks ave very well developed
arotnd Somnts Tho noteonity of proposing & now name erose
chiofly boesuss tho ¢gquivelent formation of thage scries 4n
other areas wes called by Orfesbach (1891) & Paseos (1059)
o8 "Hed erinoidal limostone”; by Heim snd Ganoser {1089)

as “verlegoted stlmrian® wnd by Keishnan (1980} as “Varde
sgatod serios”. Gmngser (1034) has not glven sy none for
those rocks, exoept sationing the fossiliferous red arinole
4ol shaly Mnostone (pp.lo7y Mg 65)s In Scoms vogion AL wny
observed thet tho shalcs of verious colowrs forn Gifferent
horisonss The limestono bands in shals wre fousiliferons

but towsrds the top the limestono form oomparatively thieker
bands, ohov dark groy colour and sequirs noduler chorsetar,
A1) the rocks are confornable, but have tnoconformabtie conte
et vith the overliying Muth ccriess The suthor has, theros
forey growped all the rooks botwem greeadsh Jsortonss and
dark proy rodulsy liwestones Lin one growp s Ssmms serles,
Thls slso confirms the delisf of Helnm gnd Canssar (1036) who
regarded tho notmisr Iinestone found on ths top of Nange
shang puss forming the TAbetan border and ot Duag &9 “mera
prodably, u spetlol north farlen of S4lwdimn® (pp, 204) 4n
contrast to Grisshach who regerded it "tentetively us Divos
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nisn® (Hoim ond Genssor, op. eits)s The co eallod rod vrine
oidal limestonas wers nlse fomd to de Yroumewusthering
biviah groy linostones,

The tontact detween SHtala scries and Somman sories
could not bo studied in the £1014 dus to inaccoessible axpoes
suress Dub as in eontrast to ENE 4ips of tho Shinls narles,
the rocks of Comma series Gip at 10° « 32° due W1, the late
tor nuy de talten Lo rest over the Shisls series with alteht
sngular tnoonformityy Just nosr the upper contact with Muth
quartzites these ars intensely deformed and oinor Grag foe
lding has doveloped, The totnl thicimens of Somnp saries is
apploxinmately GO0 motres, '

Muth Sordes

Muth gordes consists of o basal Med colosPecs quATts
gite wvith overlying wiite quartzite md rost meonforazedly
over the Comns Serdes, The exposures gre firgt met with at
about 3 Kn from Swng towards laptel, Those rod qurtsites
are fatrly Dedded, wall jointed ond highly crushed &t lowy
ocontact with rocks of Somma sories, This contact 48 very
sharp (Poto. 10 ),

The wiite quartzite is thickly hosdod, highly Jointed
and distinct oven from a dlatenco for 1o snow thite colowr,
The Joints hovo piven rise to porfect blocks (Photo.Bos 7 de
The Huth quartzites being herd ore not throun into minor folds,
The average dip of these quartzites is 20° ¥ 70°E, The total
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svarage thicknoas 1s nesrly 150 matros. These rocks corpe
espond to the Muth gquartzites of Spitd (Pasecos, 1958) cnd
hencs have besn somralated togethar,

e Huth quartrites are overlain by eruipled mnd fole
ded bluels ghales with dlack 1Swestons bands 4n Somna ores.
At places thase have sgquired a¥aty clowvoges Thete on weas
tharing give greyish bladk sosl. Tho lnestone bends wre
having & vhite sncrugtation on the surface and give a
alaost continuing step 1ike eppexrance (Fhotos. No ),

In other arvens like tho top of Eatlashpur hill in KEZ the
gray Black shales sve divectly overlying. The lmnestones
and shales as sosn from Maluri, The white quertzits 4s not
sean hare, It can, tharafore, be concluledy as also reporied
by previous workers that the black shales ed lineatonoes
e meonforaably overlying sll the Jower foraations,

Both black shales and limestones sre fossiliferous
but the former 19 richer in Sossil contents, The Possily
include many varisd ferms, the mponites deing predomine
sting. Fossils collectsfl in & Dlack shales herizon a lie
ttie higher than the lowe contact with Huth quartsites,
at adout § Kme short of Rinkhim comprised mainly of well
prasarved and frapuotery sawndtes, Thase wore 1dentified
as follews and form the pwrt of Himalayss Muschel Kall
fossll mssenblages '
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8p.Ro, 4/183 Hothanmas afting Mojeisovies
8p.Xo, 4/383" Phxenilan AL, FUEASer, Oppel
Sp.io, 4/183° Phrerdtac sapdtes Dionor
Spa¥e, /183 Oeihocsrna, spscies

Palaventological detarmination wres nsde by the cowtosy
of G.0.1+ Palaocntological Laboratories, Caloutts,

The blask shales vere tranted by differont mothods that
1s with HySrozan = peroxides W% UPvolume)ond Soditmepardoe
nate 4n cold ond also by boiling then crushed snd sleved,
to Iiderate nicrofossilen, if any. Dut inspite of the fact
that such type of rodks are favouwrabls for siorofossiles,
no fersminifers snd ontracoda wers fomd to be prosemt, Howw
overy sone siliceous sponge spicules and colesreous tubes wero
seon; which Go not point to any definite ags of the foymations,
The thin sections also does not shov any seetien indlesting
the pressncs of sicrofossiis, The adsmnce may de Sus to the
great dancity of microfossils espocially the foraminifers
in the Sriaszsic strata in a1l the parts of the world, This
uay also be due ¢ the mtipathy of forminifers with spone
gesy of Which an exzaple is sem in the Gritucecus stratie

eaphy of BW BEurope vhers the horizons rich in sponge mater=~
10l yield 14ttle or no forminifers.
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STRUCTUREY 1N QUTLIRE

The rocks xre in the xres are of sodinentary
origin, metenorphoged to varying grades end fall in &
mne of strong compressional streasss, The strustures of
the area, theareforc, sre the reflection of all thoss faw
gtors, Tho inportant structursl featuress will be descrie
bad An thess Dagess

Rogional Strugubres

The contact betwwen the varions formations of dfe
fferent sariss forn the regionsd structure, The nsture ef
the eontacts Rave already Desn descrided in chapber
along with the description of Geology and lithology oxoept
for the contuot betweon the Garbtysang snd Shials formations
ali ars of uwconformahle naturs. The strong compressivs
forces have moved up all the formations along thase planer
over thefust mderlying onss, Thus the movement iz 1ike
that of reverse foult, The exant ostimste of total move-
ment ¢an not be mudo Wt from the ganaral obamaizm; it
seenis to bo consdarabdle, Thers io possidility of similer
diffarentis) oovenent slong some of the bedding planes but
this could not be soen in the fisld dus to other disturbing
slemento,

Kador Pods \

\

Girths Honooline 48 the major loeal structure in
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the gres. Its northern 1ink rises wp steeply ivom the
dopth ma& decoman gontly dipping from the Wil tops, (Phe
ote Hos 2 Je The direction of tho &ip of both the 1lads
$s ocome only the momt 88 Gifforent, Ity oxis is pluaging
with g lov sngle 4n tho direction N3GV, Thic 1s a mujor
evidencs of comprosoional forees in I® = SW drection,

Hino» Folds

Minor fulds aro well developed in thoe dolomite in
Cirthi dobla arsoa. AL of them cre plunging scymetricgl
folds vith nortnern lime dipping vith sn angle of 70* vhils
the southern cne with 10° (Photo, Nos. 4 .5 ), Thess have
boan developod ou the linda of major momocline. Tharefore,
troadly conform with the geomotry of the momoeline. Thedr
plungos vary in aoom® from 10° to 18° 4n the &drection
N15° ¥ to W 40° ¥, Some flexures are aleo present in these
vooks (Photo, No, 6 )4 At Somna the limestonos end shales
of Bomua gerice have been folded into a ssymretricsl ante
1cling having tho similar festures as thoso in G4rthi dodls
ores {(Figs 4)« Dwobly plunging ond cross folds ore also pres
sont in the Girtid dodla srea. One sueh crous fold has its
Plmges 10° aue 1 70° W na 7° 4ve & 25 7,

Minor folds are also present in the Nartoll phye
Alitic slateo snd guartydtes, One such fold 4s seen at 3 km.
from Nalmrd townrds GApthi dobla. Those are dso asymaaterd 1
with southern 14md steeper and plunging with an sngle of
20° due 5 35 ¥, Somo of the Joint planec are alse folded
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there by showing that these joints are pre=folding in sge.
Ths Motits schist dands in metapsuxnites are highly contors
ted and complexly folded. It is boeause of thess ars incoms
petant in comparison o the massive havd biotite guartxites
{Fig. )

The point diagrem of plunge of "b" linsation (Pig.
Ho. 68) axes of the folds and puckering shows maximu concene
tration in the ¥ to MW direotion vhiich shows that the major
direction of lated furco as ut pight angle to 1%, Other dir-
eotions of maxims ars in NNE, ENE and ESE Dut sre not so
conspicuons dDecauss of the Isss nusbar of points plotted on
the 8iagrans, Tiere e o series of southerly Mpping step
faults met with in the area particnlarly betvesn Maleri and
(irthi dodla L.e m the Garbysng formations,

Faults

The fanlt planes have an aversge dip of 40 45°,
The spasing anong thex Ly variadle, The spacing between the
Saults end the asomnt of throw 48 anall dn the Girthi dodhla
area vhers thess are best expossd on the lind of monoeline
in the gorge (Pig. 4), wnd also 4t O km, from Malard (Mg.5)
Some almogt hordpontal faudt plines sre also prasent with
hanging block moved forward.

There sre other faults with relatively large throw,
(Flge 3y my Dy & 0) one with largest throw is present at
844 Im from Malerd vhare thoe two glacier valleys nast the
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GArthd Mvers The hmping blockymcved doun tesiag the Ralsn
conglomeratod to deeper lave® ond the quartzites abutting
agasnst the Hartold phyllites ond quartnites (Mige 4)s
These quartzites chow 8rag folding nozr the plane of Tuves
mant wvhich aleo indicates that the hanglng wall hay moved
¢om (Mg, 8). In sn area of strong compression the fanits
with normal throw sro quite interestings Tho cause of thsir
formation uay be the rekesased strasses ofter the naln orp=
genic activity subeided,

At mgny places 4in the netapsamsites minor movew
sent has o Soken placo along the Joint planes (Pig, M),
Shear plones and Lones tre also quite common,

Slicxen 5ide

~ The differantind movenent along the planes in faus
1ts and on the limd of folds i indicated by the slicien
sides, Ons fine example of such slickon sides was sesns at
2,56 kn from Oirthi dobla over the stecper 1indb of monscim
ins vith a plwge of 43% duo § 20% wé are accopanked by
fine trauverse puckering (Fhote o, 2 )

Prinary Selinmentary Structures

dmong the prizary sedinmtory strustures the smewmd
ourrent bedding and ripple marks are comonly seel in the
erea. Current hedding 18 seen in the btrown apotted quarte
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ites (at 7,0 I, from Malari) and ths aromscecus linsatos
nes of Carbyang serdess All these show the palasocurrent
Qirestion towards the gast and normal sogumce thet 4n
right sibe wp,

Ripple marks ore quite commen in the shaly limge
stones of Shigla end Somnn sertes. Those are of sscilory
natures
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IR ALIGATION

HMuarsiisation b coppery baryles and magnesite
hat Deat MWelad gt ortaln places, Thecogper sulphlde ains-
rallioation ie due Lo the Lydrothermsl £indds while bLeryles
and vagoeciZe vere formed by the sslution and prewipitation
nadaly by mebeoric watars,

& Sulphige Minersliestion

| Copper 48 fomnd in the form of spersefy dicsexie
nated and £1134nz of sulphides meinly shaloepyrite &rcodpane
led by pyrite olong vith guerts veing in the wasks of Garde
¥ynog serdes and other wnderlylog formstions. Dolomites amd
conglomerates gre having relatively highar concentrations In
tha dolomiten the sulphides are prasent in Aisscemingted
form snd fracture f)1ing, while in conglomerste fracture
filllng 15 more preodominmt,. BSome o0ld copper working are
alsc preseat in the gonglomerates on both sides of river
Girthi o% 9 lum fyom Maleri sud neny othsr reported hy the
loesd people. The bluvdsh lsaching 45 very common phenorienss
At timos the cnleits velins in limestones of Shisle serics
show a few chaloopyrite grains,

B iy
I¢x Ainsitn ooourrencs conld not be found bhut roiled

bounlders are prosmb, espetially in the dolomitlie sereo Just
at noardy 7 kns, snd glocial matorisl at 8.4 km from Malars
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Cowpndy Dogmn, It 18 edsost wWhilte cod eonclluos tho Poulie
oy ghow ool Jeningn,

Hognesite

Magnedibe boulders ore also found in the seres
matmdols Ab one place pearly 500 motres from Malord on
Toviduwmpge teode the volividnl magnoesite deposition uvns
secn in the fropotures in phyliltioc glates of Martoll sories.
The consentrde thick rings one being more whiter ong other
translvasi:te |

A Pov plabed of a blaok meteilic minemnl gre pro=
@t 10 the quarts vains 4a tho metoyosumites end Mertold
Watoh iz prodably wlfvanite,

A1) theup minernls nro ot of auadeade intarost
Badaco of spermely dissomingtof coourrante, Coppor rinorsw
1igrkion of courso nny Orev snme intorest fren scononic
of vigy but the suflfnrce Intloation are not fin encoursging,
Ih) mdar ground pwospesting pay lend to vome discovery.
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ABTRORUCEION,

The rock types belonging %o the different stratie
grephic horizons huve been foumd to show usually distinet
charactersy although at times s fev of then reseshle very
- muchy particnlarly those belmging to the less metamorphow
sed sedinentwry rocks of the popusorolc mnd later times,
The oldest sou8 of the aren the dlotitewmstapsarmites, are
however,y vary differsnt from the othars, becanss of thelir
higher degree of metaworphiom, '

The petrography of tho rocks ocowrring in the sres
will be deoserided in this chopter on the Dasis of the strate
dgraphie wnite, rather than on the dasis of rock types, This
has den done in order to havo a ¢larity of presentation, -

W GRANITISED«BIOTITE HETAPSAMITES

The rocks are comprised mainly of thickly bedded
Motite quartzite and dands of quarte bMotits schist of vary»
ing thicknesss Those are granitised and troversed by pogwes
tite vains md dyltes, Granitisstion is mors pronotnosd nesr
the wper emtact vith Hartell formations,

Dlotita mtapumup
Magascopic tharacters ~ Those sre light coloured

nofiun to cosrse grained rooks with blotite flakes showing
perallal arrangenent, When the saomt of hMotite incresses
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eloscly spaced btlotite rick bends give 4t o gnsdenic chxraw
oters At plasss espocially newrs Nittl porge snd Bhapiwmd
tiare are come ght celowred thin quartzofelapathie bands
ie WolliSe gantst which $ivo 4t o ptresky chavacter, Wiite
and fidoous Ryenite has mmm along the plume of shen-
ring in the reck.

Hieroscopic cnoraoters -« Xn thin sgutlons the yosk
is medltm to coarss graineds (rsin Bomdaries sre audivedysl
to mbeldral and quarts grains show some preferred elougstion.
The rocit stows granohianiie texburs vith vorying degree of
schiistonity dus to parulleld mrangusant of pLoetiss flsker,

Blotite metapsmmites consiot muinly of quarts fels-
pars BMotite and small mowts of gamet kysuites mmcovite
ond chlorite, Querts cecurs in slightly elongeted and anhedral
grains vith siight to strong wnduless extinetion,

The felspars wre oexaised moztly of plaglonlase and
1it5le of orthosleces Plagloclase gradas slso subhedral to
anheéral. polysynthetically tvinned, On the besis of the sx-
tinetion angle with alldte tuinned lsmellee, the maximum
anorthite contant has Desn found to he An §, Orthoclase 4s
present in sohedral graing wnd shows simple twinning,

HMetites ocovrs In dark vown Clakes st shows ptrong
plesshroiss from 1ight Mrowm Yo Sk drown. The leathing of
blotite 13 quits freguent with tho result that some times
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nearly half of the lamellae is brown and the rost is
colowrlass, Blotite 15 at times altered to chlorite on
the margine,

The Blotits content shows progressivo increass with
sorrecponding decresso of felspars and quurts no the rock
atquires mors schistose character, Kyanite, in addition to
the megascopically prominent form {(Microphotos No, > )
is alse present Sn the Motite schist sootion (Thin gectien
Ho, 4/2744 microphoto, Fae /4 ) as fine scleular sgeregate
vith preferred orimtation parallisl to schiatosity. In mest
of the cases the extinction ia parallel but somoe noedlas she
ov extinctions wto 207, Chlorite and muscovite are presmt
in discontinuous mass some timeo merging with the Blotite
grain bomdsries,

In one thin section (Ro, 4/277) taleite was noticed
along with Motiteychloritesmuscovise and plagioelasw.

Tournsline, spatite snd siroon are occasionally pre~
seanty

Grm&usr tde

mstapsamites

Tho taxture of the rocks is porphyroblastic. The
porphyrodlast of aldits and touwrmaline are smbedded in an
alsogtgranoblastic gromousss (Hiorophotograph No, (5 )

The various minerals vhich are recognised in the #iin siids
are aldite, quartsz,; perthite, townaline, muscovits, blotite,
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ehlorite, sevacite, apatite; rutile snd magnetite, Aldite

4s e nost conspiowonus mineral in the slides It oecurs in
sudhedral to suhiedrsl grains. It shows sn slterstion to seris
eite, The nyrnekitic intergrowth botween querts and dletise o4
is alse semn, although this £s not comown,

Quarts sceurs in two gonerations, The mtn of the
first generation occurs ss small graing WAth stheted narging,
and often ceomra o8 inclusions En albite, MBLOYite Or Tourme
aline, The quarts of the setond gearstion ocours s irregul
intergrovth £1ll4ng the intragranuler speces (Micrephoto. No, 'S )s

Parthits « Ths perthitic intargrovihs batvean orthoce
lsse and alhite ors sem in several grains, The perthitpes ocewr
in shedral grains snd are sssn altering to Esolinite.

Tourmaling « Tourmaline goours as large crystals
having inolusions of quarts and Reolinised orthooluses The
pleochroisn &s fyom neutral pale bLrown to greyish blue, At
tines sweral detatched townaline grains have crystellized
separately, Dut these grains have optiexl emtinuity, It seew
that tourmolinisation bhes followed the formation of aibite and
the alterstion of felspars.

Muscovite, Motits, chiorite, scicite are the miner
als vhich cceur in amgll wwwmts snd are larply of secondary
ordgin, Apatits mnd yutilde are accessory sinerals, Some highly
folded hands vith opsque mineral aro presmt Whioh sve probably
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- the original Dedding plsnes with ivon oxides The aomplax
folding of such btends reflects the intense deformation shich
the roics have mdorgone, At pluees sericity i slso present
slong these dndse

Komeroug Mw and waine of poanitic a8 peguatitic
saterial with wuscovites and tstrmsline tysvearas the Motite
netspaamites in all mmum. At places the pegmatite 4ye
ke 35 of § « 4 metre in width,

The quortz 45 anov shite in colowrs The felspars
are perthitic vhoss plagioalese component is <AB84 4n
sompositions The plagioclase is forming mierescopic irves
pular mad branching velns within the ortheelsse, Toursaline
is dxrkt in colour snd the long ¢olum or crystals of it are
srianted da 1) directions; It some tiles has traces of
aloophrite, ‘

Huscovite 1s colourless o milky in colowr md
qudts fragamtly has hoxeagonal outdine.

At the contact with comntey rock {mstapsamaites)
ganet has also developod wifeh hay inclusion of quarts,

Beryl conid be found pressnt in sssooietion with

quartz, felspsy and garnet in pegmatitie veln in o rolind mew
tapsamite boulder st Desicosas In 1t the beryl though lesa
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shmdant but L5 prasmt in well shaped haxagonal columer
crystais,

The rotks conprising this series are Dlack and
grem arenscects phyliitio alates vith grpillacecus guortsits

bandn,

o slates

Its main conwtituents sre fine prained chlorite
sericits and muscovite with quarts grains mmbedlod in 4t, The
chlorite sericits and especially the comparatively larger mise
covits flakes show a praferred orimtation dut without distinct
rock clsavages The quartz graing are irveguisr in ontline snd
sone show strong wnduloss extinctions Pyrits porphyroblasts
are also presmt, (Merophoto Ho, /¢ Jiimonitic staining As
present prafersbly aiong the wesk plones. Rutile is present as hs
savy minerals |

il slates

The rocis are blatk slstes tending towrds phyliite.
The slsty oleavage is well developsd mnd nlcrowarping end
fracturing hes taksn place due t0 tectonic disturdences {Miw
erophoto. No 17 )y

The rouic is comprised of quarts graine eabedded
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rusoovits show preferred orimtation, There 13 semn Ihe
mieroscople comporitional bhmding with some bands more riech
i3 quarts than othars The limonitic staining s genorally
nors in more sandy bends,

3 G&WAH& sm

The rocks belonging Co this sarios ara compriged
of pueple; sk green Rglam ¢onglomerate quartsites, brown
weathering dolomites, srennceous limsstone snd subordinate
phyllitic bandsa,

The oulders ars lorge rounded and gxdedded in the
sand sizs racryntalilzed matvizg The Wwullers o's of white,

grayish and sieaceous quurteitsy whieh gre vory hprd and
40 not shov sy noticesdle elongedion,

y Suorkailis houldes is vary fine grained, w
with mm&mmtl and hos saall exvities, The thin
sections (Mo, 4/282),under the microseops show fine grained
granodlastic taxturs, it esonsists seindly quartss The quarts
grains are subhodral snd equlzrm. Some spots of dDrowish
yollow Jaspar sre slso sesn, Oglvu fev snall muscovits Lla-
Ros ave presmnt, Thizx cormposition and texture omn throv lle
ght on its source,
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Tha nicnanous, guartrita houl {Thin section

Nos 4/2524) consists of mnhedral quarty grains smbedded in
fine grained. Matyix consisting of ehlorite, sericite snd
snall museovite flakes, Tourmaline 4s present prodbadly as
detrisl hoavy mineral. On the basis of the similarly in

the componition and texbure with the Martold guartzites,

it uey be Infarred, off course, not with cortainty, that the-
se misaccous quarézite boulders wers derived from the Martolis,

ORISR nntpida

LY L w‘.

Brow spoited guartsite

Thase sre purple snd green quertzites with brown
Muonitie gpots. The originel colour seems to ba greenish
changing to purpho dus $o purple coiowred iron oxide (hemaw
$ite) leaching over it,

Urider ths nicroscops the snhedral quarte grains
are present with argillsceous matrix, Chlorits and sericite
forn the natrix snd #ften they ccour sy clots, Chlorite changing
biotite is also axhibvited in some grainp in which central pert
is greenish with brownish mme on the out sido. Muscovite 4s
presmt as laths snd ip quite distinet from the matrix, A
fev grains of plagioelase, 1dentified Yy the lamellar twinning,
are also present,

The pyvits L3 pronont in povfest BHudie and pyrito-
hedral cyrystals, partly altered to limonite., In sone of the

SH665

MEURAL LUBLARY UNIVERN]) oo 2oligaL.
ROORKER,
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cases, the crystsl outlinos are well preservod snd the
iinonits gccnrs as pocdonorphss

Tournaline, kymite and rutile are the important
aocessory minerals mnd appear t0 be original detrital grafins

Brow, weathering Solouite

1t consists of thicikly bedded Hlorite band with
thin gremish whits phyllitic bmnds, It shows WW
bl sk
ing on the surfaes dut fmner wweathered portion Mmgr

It consists of well erystallised carbonste graine,
 coarse grained wAth subhedral bounfericte The textuwre of the
rock ia granoblastics Only s fov eardbonate grans shov ealeite
type tulmings A fov quarta grains ars also presmt here mé
thers and thelr bomndary showing mlaemt taxture vAith
cartonate moterial,

Idronitic stalning and patohes ore the oause of
brown weathering colouration, Some grains sro showing morse
iimcnitic alteration in the sromnd the grain dowmdariocs, Thewe
nay be rich in siderite content shich muy be the nain reason
of sxtensivs drown weathering,

Gresnish white Mﬁu

These shov slaty tophyliitic clesvage end fine
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lsmination parallel to the bedding. These laminations |

are Beflection of the mieroscopic danding of chlorite rich
anl suscovits gich compositional dbanding: An fnteresting
structurs is seen 4n the thin saction {Np, #/220) of the
phyllite bands, In which the lmmination g cut asross by

a straight edged quartz rich ehlorite sericite veins (Mige
rophoto. Fo. (8 ) The anhedrel quarts grains are anbdedded
in the thlorite sericite matriz, The width of the volns 4s
falrly wifornm end appesr o be £411ling in the Tractures or
Josnt plmes, Those are reflottad on the surfate Yy sinor
ridges, Since thess phylliites are vith in thick dolomite
bands the presanbe of querte chlorite serdcite filling is
diffienit to explatn but probebly it is penecontemporeneons

Fossiliferous Arenonsous limewtons

Thene xre overlying the drown buff dofomites and
wre Yoasiliferous Mok the fossils are 80 obliterated that they
can not bs Indentified,

1t consists mainiy of earbonate caleite, quarts
end 1ittle of argillsceons materisl, The cardonate matter
consists of galeite which is meinly aryptocrystaliine tut
some tinos tmmtammg coarso grains are also present,
The fossil sections are of purs cosrse caleite. The quarty
graing are with crennlated marging shoving replacement texte
ure With the coleitic matrix,
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latination parallel to the bedding. These laminations

sre Bellettica of the microscopic banding of chlorite rich
an muscovites »ich compositional banding: An fnteresting
strusture 13 seen in the thin section {No, §/220) of the
phyllits tands, In sidoh the lwminstion ia qut acvoss ly

& straight edged quartz rich ehlorite scricite veins (Mige
- gophoto, Fo, (8 )i The snhedral quarts grafns ars endedded
in the thlorite seriodte matriz, The vidth of the veins is
falrly wadforn cnd sppesr %0 bs £411ng in the fractures or
joint planes. Thoae ere reflseted on the surface ty minoy
ridges, Since thess phyliites are vith in thick dolomite
bands the presae of quarty chlorite gericite Filling 4s
dirfionlt o expleln but probadbly it Ls pwawmtmorMua

Fosall

‘fmjm Arenageons Mneutom

Thexe are overlying the drown buff Jofomitss and
wre Yossiliferous Vol the fossils ara 30 obliterated that they
can not be indantitied,

It oconsists mainly of corhonate caloite, quarts
gnd 1ittle of srgilisceons material, The carbonate matter
consists of caloite wich is meinly cryptocrystalline tut
pose tines vmwt,a&ltu&, conrse graing are also present,
The fossil sections are of pure comrse caleite, The quarty
graing sre with crennlated marging showing replacement texte
urs with the onleitio natrix,
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4, SHIALA S8ERIES

The Iimestones of this series aye constituted of
eryptoerystalline saloite nbedding varying smount of quarts
grains and alongated thlerito sericito patehes. The quarts
graing ars vith ersuulated morging snd shov repiscement tegk-
ure vith e caloitic matriv. Pussll sestions avs made up of
pire coarss grained onloite.

Some limestons thin ssetions show niorosoopic some
positional bending shoredy In soms Yends qusrty appesss in
signiticant smownt, Thia mms 13 not sharp In vartiond
mmmmm, 8

The lower dorison {thin sectiom T, 47807) some
alliptical to eircular sections of purce cxloite ere present
vith 4fffused onter bomndsries. The sbsenne of concentric ofre
clss In then dows nob pormdt then 20 dDe f4entifted as oolites,
These may however ba the section of some limestone psllets or
renping probably the erinnidal spinsse

B aama , mm

Tho varsous Mmestone wnd shale dends sre having
afstinet colowrs Dut 4n some the colow distinetion 18 mot
very sharps The petrogrphy of main type of JMasstone mnd
ghales 4n gencval have buon described heres
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Orey 1iusstone

The grayish linestons (4/193) i eontains quarty
gErains sabedded in eryptocrystaliine oarbonate matrix. A
1ittle argilisoeons materinl that ia chlorite snd micas is
slso preset, It shows aicroseopie compositional danding with
sone Dands pldner in quarts wnd argiilacecus matter. |

Moities Minestony

Tho withsh llnsstons axposed Srat nosr the conflue
sice 13 more ayenatcous and ¢aleitie matrix 12 comparatively
coprsere This wlso show mieroseoping compositional danding
md slss monogeain thick quarty dbmds in shich greins are
conrser snd marging well fitted with adjecant grains, Some
shlorite and micas are inveriably presont.

Fossiloterous Nodulsr limestone

It 48 groy to daxk grey in colovr snd fosalliferous
thin bending of light and dark colomr and fossld rich mterial
iz preset,

The colour dDanding s the Paflection of composi»
tions) variation, Some are relatively sicher in guartz mi
are lighter, Quarts grains ore esdadded in calosreots mete-
rial vhich 1s the main constitumt and is ceyptocrystalline.
The fossil seations sre of pure,; well orystalliissd cslcite,
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it also shows amall eymm to olliptical

ICT)}JI,ofO 19,

settions of pure enié.tm In some there is o nueclens of
quarte grain may be the gections of Ymestons pellets,

But in othern 4t is not presant and soms sections are dow
tinitely of fossil rensing which may probably de the sette
~ dons of the spines of crinoids in differsnt orfentations,

Seme shaly lortinge énd patohes are also pressnt
consisting of chlorite sericite oand muscovites Iron oxide
staining £3 alan present ab placos,

Ehalen wre of varlious colours mnfd comtain fine
grained énlorits sevicite 15%tls oslenrects mod srenacecns
graing enbadded in the satrix of chlorits sericite,

6. U SEES
Red Quarkaifle -

Quwats grains sare sthangulsr to mpgdiasr, madiun
in size gnd endedded in the matrix of eryptocrystalliine ealw
tite with a fev musoovite flskes, Amng the heavy mineral
rutile 1s presont, Iron oxide staining is gquite comueny

ity Quartsite -

This eonsists af mninly of querte, Quarts grains
ars subromded to rounded snd show slight mdulose extinetion.
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_Some greins are highly fractured and eusheds The inter
granilar material is also recrystalliseds Soma eyyptocryse
telline grains sre also preset which wers prodadly cherty in
the deginning.

Rutile &5 a Aiebinet hosvy minorsl present vith
sagulay zrainge Tho patohes of Sron oxlde ataining are quite
TAre: |

e BLACK SHALEG AND LINESTONES

Hteroscopieally the shaly bends shov argillacecus
gromd mans enbediing the grains of quarts snll rods; flake snd
rounded graing of caleites These caloite rods md grains are
parallel to the ehlorite.-muscovite limination of ground mass.
The guarts grains are rounded to subrovnded md fev in muosber,
it also shows microscopde ervss fractures more prominent in
one dirsction {Hicrophoto, No, 27 ). These shales geens to
Aimestons bands have movs cryptoerystalline ealearsons matepe
$al with 1ittle chlorite wndt micas,
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Rosd construction is one of the most Aifficult
sngingering problem in the wes like this, The Hifflowlt terrw
aln, desp vallpys with steep slopes glactors snd structweslly
deformold reoks It the aves ere e veason for thiz: The icose
glacial Aeposits and wores material which hes to Yo orossad ot
various places ara the most walable zomes for rosld stadllity.
The looss scree snd glaciel dopooits which have attelned faipe
orary stedility wmder present nstural sonfiitions hecome wgtw
able when Afsturbed. That §s wnen cutethrough, thon constenbly
slide down durizng reing mmd snowfsalls, Rotalning ond hreast
wells have their limitotlons t0 serve thelir purposes Nelther
the drainage con bo provided nop othor method of statdlisation
adopted within stonomicsl limits, The Mghly Jointed rocks with
steep Joint planes does not allow the over~hmnzs 3o the whole
overlying mass slides down during or Just after rocik outtiag.
Rock entting and blasting on vartienl oliffs adds to thy hefse
rds vhich tho brave men working their haseto face.

A briof sccount of the varlous genlagical foabwras
which have great beering on alignment end construction has
been dealt with here es met vith elong the Bhapkmi Malewd
Somna traverse, One point which L2 very important is that
~a% moat of the plaves there 18 no other plternstive sl
nmnt possible for the rsasons of topogrephy snf actessilis
A1ity, So the usual slipment hag to be foallowed sBiateso -ever
the geological Features may des Tho solutionytherefors; 1les
in finding the memis mud tecimiques tn overcone thogse Al
culties yather than chmging the aligsment. The novbles of
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road budlding material is not ncute but netalling matter will

be not avelloblo so eesily at many places especially in crushe
o4 schistose limestone and shale sones, However, rosd metalling
materisly if nooded, will not be very 43fficult £ get, Metalling
may pot be usaful 4n this region of snow and frostings

The Motite quartzite and blotite schist rocks just
below Bhepkind are forning stegy siope, partly covered w%%&?
rook boulders sand serse. At Dhapkund the road passes through
glacdial and avalanche delris bafore crossing the piver through
a widge, The right ebutuent of the ridge 49 also over sneh
materinl, Thon the road has two halr-pin bands wito Baltose,
The whole alope is covered with looss soily sores material,
The loose material keops on sliding during the rains & snowe
fall,

The rosd climes)siope upto Bamkosa shop through thres
legs with two hairpin bands, The hatrepin bands necassiate
more cutting and high retaining walls thus aggrevating the
problem, lear Mnd shend of Batosa shop the slope L3 gmtle
but then again rosd passes. Through granitised wetapssmites
vith bands of blotite sshists. The hildl slops becomes steepur
md finglly mters the most A4fPicult rocky cection for 1 im,
nearly 3 km. short of Maleri,

The rocks in this zone are forming o neny vartieal
eliff, Hany closely spacsd sats of Joint plames sre duvelope
of in thes, Some of them are very proginmt and nesrly vertical
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perallel to the surfecas The Joint planes zro geping and
shoving minor displacseent, Somo shear zones are aiso present.
ALl these factor had posed w great Aiffiemity in eonstruction.
The aifficulty wat to eut the rock by blasting thereby mderw
cutting the support of overlying votlr wmess shich then slides
down making the work msaf'es This mass which oomos dmm with

. great monentun vashes dow the road alse, Biasting also dige
turds the roek massos on the face vhich are Just in resting
position and creates prodlems Thorafors, at such pleces cone
trolled md very exraful blasting and exeavation has to be
done which 18 pgoverned by the intslligence and efficlency of
the men engaged in the work in waricus eapacities, The hasty
or fsulty supwrvision may zoopardize the 1ife of many humen
beings, Here the intution as to what 43 about to happen cowde
led with intelligent planning 43 a most effective tool in the
hand of thoe anginesr over thesre,

At Bhnjgerh 1 km short of Malari the doulder oloy dee
posit 1s present, The clay 1s whites und slightly conpacted,
Towsrds Malari side the rock 48 showing insitu slteration upto
considerabls dopth, From thers to Maluri Dek<Duigalow thers
is gentle stabls solly grownd occupled ty cultivstod fields.

The Haleri nallah 15 o otowiled by glacder in shieh the
glacler persists evan wto July. The yix foeling ares above
though not largs i3 very stoop s0 the glacier nmust bo heving
teenendous force in 4ts pes: times, This has very grest bemring
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on the site and dosign of the hridgs to bs constructed across
$t, The nallah i3 very wido and £illed vith glacier moraniel
material, Thus the foundation mnd ehutments hos slsc 6
made quite strong 8o a» be capadle of standing and holding
the super strusture agalnst the foree of glacier and svalune
ches,

Bayond Naleri wito 1.6 R, thers is comparatively
less stesper partially cwnented scree slope., After this there
ara loose rock toulfers, gravel deposit and slided carth mate
arial for about ) km, This land slide zone just sbdove the cone
fluonee of Mhanll md Girthi Rivers ig quite large (ploase
refor Chapter I ‘'Osomorphiology® Page 9 7. The perfest stees
ply dipping jJoints coupled with unfer cutting by river dovn
below hes provided the favouradlo condition for the lond slide.
s wone will continue to pogo sovere problens even aftor 00w
plation of tho roals

Agter 3 km, from HMalari upto 6 km there are gentle scres
wone and shgle, conpglomerate end quartzite horiooms tiwough
which rosd passes, The ovorage dip of the shale 4p 38° Maoy
ere jointed snd at places show orushing, The comglonerats mnd
quartzite havo aversge 44p of 58° / K45%E, The Joints mnd aip
problem is not vary acute at one place only vhere there 45
41y slope at 6.4 lkn from Malsrd soms difficulty of overlying
nsas arisels The wiole ssttion 1s relatively casy to deql with,
But 6 km €0 740 kn there eve sevaral stacply sloping seres
zonsss The continuous powr of boulders from above sven by wind
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i3 & constant haxard, The scres conas are of considerable

| dfuension, ons of them is comprised of hrown veathering dolow
nitic malrix and boulderss Making road through these will ore-
ate great problem of both the retaining md breast walls, Morew
overy the top pert wi)1l drop over the road sention huge &adwis
sontinuwusly, At 8 im tho quartzites on the loft side of river
Qfrthi, sre highly Sointed and disturbed, The Joints ers geping
end rock 1z in very eritical stath. It is for this resson that
rosd hap to bo faken soross through s Mwidgo. On the other side
howevery after a short distance the glacler dspostt and glace
Sal atrema is €0 be crosseds The glacder sgain poses the smme
problems ns at Holari evan nore severs than it, Other alterna«
tive is to malto Tridge still wto strenm shere agsin thouwgh

are glacial stresm has to be crossed but is of smaller size
md can be eliminated by under cutting the rosks to sn extent
that flocier falls off the outer ofige of the roads Thers «re
then good tridges sitos 2«3 kus on upstrean side comparatively
narrov and heving herd rotks on both the sides. By changing
the site to such distanes will Maatgrﬁf%g&} deponst

st 10 kus, shen the trask starts oiiobing,Bsymmabia. This will
prodably have one mors advmntage that deing in narrov valley
Jogstion and targetting from the sir wiil de more diffieunlt

s compared to Tivat site.

There aftar 10 kms tho road snterer a rons vhich vAll
pose still d1ffioult prodlens, This wone is the very doop |

gorge (pleagse refer Chapter 7 ,Pafe '© } snd extends for
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about 4 miles, The rocks encountered upto the confluence of
River Oirthl and Kaloped are quartsite and dolomites. These
are highly Jointed dut dipping in favourable direction that
48 gently inward, The weathoref and jointed dolomite, however,
end vertical wall will meke the work har@er. Therssfter the
shales md limentones of Shisla md Somna series extending
upto Somma are slso gsteeply dfpping highly Jointed and orone
sed noarly at right anpgle to strike by Katogad through a go~
rze (Photo, Noy 1 )y The @lp joint and other major joints
dinping vertioelly have mede lgrge dlocks which when distu
rbed w1l bo lianble %0 fall end cpuse oxtensive damage, The
shales and shaly limestone horizons sre highly splintery
vhich are very 41€21cult to blast and excavete, Just € » 3 I
short of Bomna agsin we have loose glacigl matarial sone,

the 41fficult land sitdes and scroe zonss botween
Malar: and Girthi dobla oam bs avolded by toking a mnother
alternative alipnnent, That 48 clinbing the Malari hill nee
arly along the trach to Topldhungs snd then desconding crae
Auslly over ths nortbern olops to ovoss the River Glsthd bew
fore it vonfluence with River Xniogad, But this will be passe
ing over the dip slopes on tha uorthern slopas of Malxrd hill,
This slopy 4a very mtabla especiaily whon out made through
%y It will, in addi%ion %o this aifﬁmlty, hawe to clime
and envolvs Ww route at the highes aa.qm it V11 have
mere prodlems of gmow snd will also exposs the road to mers
3al Getoubion as compared to the rosds in lower lovels nlong
tho rivar. Though the permile cost of constructiom and maine
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tensncs of road will be higher in the lower level tut the
oversll cost of the longer route tirough that typs of slopes
vill be consideradly more. Thorofore, this slternntive ean
safely bs dropped in comparizon to the first described.
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DISCUSSION
AT

With only the geologica) Lraverses being teken slong
valleys in an ares of such complaxities, it will be not proper
to discuss the geological history of the ares. However, an att«
eupt is Dsing made to reviev soms of the saliemt festures in
the light of tho prasent and previous works,

The gaology of the arca has besn desoribed in chapter
3¢ The gaoloﬁnc:l setting and the dlscussion regarding the st~
ratigraphie correlation with the mown Indisn squivalents has
Mstly been done thera, nomenclature adoptsi for most of the
rock seriss las Deen taken from thy equivalent in Kumson area
to simplify the prodles, The only exzeptions deing $n case of
the Somna series, a name given to the siluwrimn formetions of
this region. This has bewn done purpossfully as much confuse
ion exists in the oase of silurisn in this ares.

Amother departure from the existing terminology hes
been in the case of m.-'-p:Mtu, axrlier groupsd a3 centre
al erystalline series by Heim and Oansser (1930). These are
supposed ta form the core of the Central Himalaysn axis and
sguivalent ¢o the Jutogh seriss of Bimla. Krishnan {(1966)
ragsrds Jutoghs as Archaesns equivalents of sxtrasPeniasular
Inddia.

Arenacecus phyllites and quartzites of Martoll Series
overlying the neta~psammites have Deen takem as belomging to
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Algonkimn in age following Haim & Gansser {1938) and Erishnan
(1956, p+99) tnd hence oquivalent to CuisgpWh end Delht sys-
tam of pninsuisy India. Hartold formations are overisia by
s succession of rocks 2onging from Conteisn to Trisssic with
a great breskt between Devorian to Upper Trimssic (Muschel~
kalk) refiected by the black shales directly overlying the
Hoth quarteites,

Granttisation

The general charscters and minersl sonstituent of the
matapsamites hove been dealt in chispter 3 mnd 4 (pages /4.
and 33533}, The mineral sssemdlage quarta=hiotiteealbite shows
that these have widergons regionsl metamorphism of Aldite-
apidote suphibolite facies, This mist have taken place during
the sinking of theso rocks tu grester depths with deposition
- 6f the overlying vocks in the Tethys geosyneline, The maxiomm
depth to which these :g: Durried vas estimated by Heim and
Gansser (1930, p.225) but still remaining highey than the Siaw
Aic laysr over thems The great prassurs and tesperature during
this phage caused the mtamorphism snd was suppossd to have
caused granitisstion in these roiks, The pranitisation conti-
nued probably Suring most of the mevemwnts &t the depth gran-
ite peuper could be found, md the granitization a2 also not
complets in any part of the sren. The effect of granitisation
is mostly confined to the large seals alditisation. This vas
followed by tourmalinisstion, Although x Cfew small peguatite
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dykes vectr in the sres, the signs of sny granite "magme"

are not directly visible. Almost complste preservation of
stratification also ruls out any possiMiity of s lavge scale
moddlisation. The presence of stresky geeissss rosssbling
\ith maghebites at Niti gorgs may be indlestive of w slighty
higher stage of grenitization.

Rothing can be sald, howgver, about the sxavt methe
misn and process through which ths granitisation has taken
places Was 1t & case of d&frn%m or parmastion 4s also diff.
Loult to spesk of at the prasenti The probabilities are, how-
ever, more in favour of sfifYusion to have taken place. Also
becanse of inadequate mesng. The age of granitisstion can not
be aterteined.. .
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The geological traversss were undertsken in Hhapkunde
Malari~Somna and Malari~Niti sections of Distriet Chamold,
UsPe The alim of this wms to stuldy geology; stratigraphy and
structure of the srea, Ths geologle factors affecting the
vosd construction and staldlity were also studied, The area
1les partly in main axial Himalsysn belt and partly in Tethys
Bimalays with alpind type of clinate: Therefors, lofty snow
bound peaks with desp valleys are common geomorphie features.
The main river draining the ares are River Dhaull, a tridutory
4o River Alaknands snd its tribdutory River Girthi, These are
Joined 1y many othor smaller rivers mnd streans in their en-
tirs run, The course of the main rivers mainly rim almost
pwaihl to the strike of the formugtions, But st places these
cut atross, governed by mnjor Joints amd result into a deep
gorges Glacial snd gravel aozims.tn ars prast at sany places

On the basis of fielld studles following suzcession
was established and was later eorreleted with the lrown Indian
squivalents, A short resuns' of ths succersion is prasented
in the following tadle @
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Guecassion
series Aithology age
Glacial snd river gravel deposits. Flelstocens

to recant.,
~ mnoonformity
Black &nhn?hck shinles and linmastone inter~ ) Triassie

banded, fossiliferouns, ) {(Muschelkalk)
— wmeonformity
Muth Red and whits quartzite ‘ Devondan

Series
— . uneconformity —

Somna (vardegated shales ant limestmes ) Silurimn
Series ( fossiliferons, J |

wcenforatty
Shigla ~ Sanles and limsstones, Ordovician
series e B
GaxYhyasnd Muutona aoa.mm quartzite ) Caxbrisn
Boriex g iu tmaomumg
Nartold m » 11i%es Pre«Canby,
Series i nmu ghy el ; {Algonkian)

— mmoonformity ——

Mota~ ite zite vith quartsz» ‘

peamnites Motite sehist danisj Archesn
granitised and traversed by )
peguatite veins & dykes,



Almost all the linsstones are fossiliferous but
fossils are mostly difficult to 1demtify. The bdlwck shales
ars by far the mt r.tab in fossils in which full ond frae
gmantary m&mwmmy large in pumdber, Somg of
the foiasils collected from the blask shales ware 1dmtified

yan Muschelkall famal assenblage,

The dDlaclc shalas vare also examined fer microfussils
but axcept for soms siliceous sponge spiculss no foraxinifera
and ostracods wers found,

The rocks in the sres are of sedimmtsry origin
metsmorphosed to varying grades and £all in 3 sons of strong
cosprassional stresses. The structurss of the wrea are, thers=
fore, reflection of all these factors, Ths contucts between the
. formation of Aifferent series are meonformable except for that
betwesn the Gardyang snd overlying Shiale ssries which appears
to be eonformablo. Revarse sovemant of probably considerable
magnitude have taken place along thess eontast planes. Qirdhd
mooeline 1 a major fold in the sres which hay its stesp
northern liwb vith its wxts plunging with low angle dus Kas%W,
The yocks, sspecislly the dolomites, showv intense minor folding,
all asysmetrical. A series of parsllel step like novmal fanlls
with variable throw are pragent in the aress One of Jarger throv
is met at 8 kme, from Malari towards Somns side. Sedimentasry
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primsary structures, the current dadding and oscillatory ripple
naviy are also present in the quartzites snd shally limestones.

The sineralisation nf chaleopyrite and pyrite in sparsely
disseminated Lforn, sspesially in conglomarates and dolomites has
been noted at various places, Magnesite snd turytes boulders are
alss found in some places,

On the basis of microspopie sxamination of the rocks
An thin sections (chapter = 4), certain points vere noted, The
Mmetapsannites have conspscous srsnsceons affinity followsd by
ths arenaceots phyllites and quartzites of Martoll series. The
lowver part of the Garbysng series is srenaceous while the rest
of the formstions except Muth quartsites ars calegreons and
argiikaceous. Rocks belonging to sluost all the series have sons
eertain heavy minerals, for sxsmple, Hartold quartsites have
tourmaling and rutile,in Garbysng sevries, the quartzites have
toursaline, rutile; kymite mnd apatite. Ritile is consistent
right wto the Moth quartzites, Al the limostones sre srenscew
ous to verying ssomts, The dolonites show only a few quarts
grains,

On the basis of 1ithology and structure, the geologioal
- factors which have importent bearing on the eonstruction snd
staldiity of roads, have besn Alscussed in pter Ve It ves
found that the road construction in the avea, 1s one of the
most AALfeudt enginesring task, The 4iffienlt terrain, deep
valleys with stesp alopes; glaciers s strueturally deformed
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rocks, sre the reasons for this Aifficulty, Stadility of the
roads 13 slso a serious prodlen. The loose glucial and scree
dsposits are the most msteble zones shen cut through,

The complete appraciation of the verious geological
factors and mticipstion of the possible diffieulties can de of
TN
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CONCLUSION

The geological traverses umdartaken in the area
have glvan & gensral geological picturs of this hither-ts
onmapped pateh An the Geclogloal map of India. The geology
of the Himalayn, sxpheially nesds very extensive and intene

#lve traverses slong all the accessidle sonrses to give the
somplete regional plcture, This work as alvesdy almitted is
not final but atill 1t is hoped that A% will prove to bs a
wilestons in the detniled geological investigations in the
future, The problem of mngineering constructions, sspeeially
the rosds in this difffeult terrain san also bs ansisted to
great extent by the proper understanding of the Owologieal
factors snvolved. The prodles has assumed sn lmmense dimane
sion of great wrgmncy for the reasons of nutional security.
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POINT DIAGRAM OF 76 PLUNGES OF'b LINEATION
IN NITI- MALARI- SOMNA
AREA

FIG. 6



$
|
]
]
L4




PHOTO 2 «~ Oirthi Monocline « view on the left
. side of River Kelogad, stesply dipping
1imestones and shales (Rxals series),
monoclinally folded at the %ops (4/om frmbrhdeis

PLAXE B






PHOTC 3

PROTC 4

Ths contant betwesn Ralsm songloneraty
quartsites, hamaery lying soross the
contect planes st 1.8 ku, from Malerl
on Somna tracks

Plnging asymatrical anticiinal fold
in the thiekly bedded dolomitas,in
irihd areng st 0.5 ka from Clrind
dobla.

PLKIRE 3






PHOTO & = Plunging esyomotrical anticline in thiekly
bedded dolorites, at Girthd 4obhin strenn,

F Rexcer e L

PHOTC 6 =  flentlo folding 4n dolomites, nenr
tdrthi dobla,

PLATD 4
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Butte 1ike Fentume Detwssn Biver Kalogad
and River Girthd nexr thelr sonfltnce as
seen fron 11 km, frow Malsri on Somna

Blicken side vith transverse puckering
in the limestons forming the dodh of
Girthi Monooline at 1.5 lon from Girthi
dobla,

PIATE &






PHOTO ® «

PHOTO 10 =

Waterfail An the Futh quertsites at
28 kn, from Somna on Laptal aide;
the upper thickly bedded well jointed
shite quartzite and falrly bedded and
Jointed red quarizites in the lower
left,

The contaet betwesn the red quartzite
of Muth series end mderlying noduler
1imestones mnd shales of Somoa series.
The quartzites sre fairly bedded, The
nodular limestonies snd shales shoving
drag folding.

PLATE &






PHOTO 13 « Zhe block shales (grey) mad lisestons
{uhitc) bends forming the top of the
bills, The limegtone bands, the white
dus to the whitist sncrustation over
thelr surface, 6 kms,. from Scana en
Rimkhim side facing NE,

PHOTO 12 « Dip slope 4n highly Jointed shaly lime-
stons of Shials series nexrly 4 kms.
from Girthi tqmda M"






MICRO- PHOTO 33 « Kyanite in quarts YWetite sehist deve~
loped along shexr planes. Dark colowr
dus %0 vary high rellief, Niesls unaorosse
Enlargement w6 times.

MICRO- PHOTO 14 « Fins acioular kymite parallsl to the
schistosity in quarts blotite schist bar
of setapsamites, Nicols crossod slarge

<2 tamas,






CROPHOTO 18§ = Granitised metapsamites, felspars and
the ordginal quarts graoins with gnhedral
intergrowvth in inter gramular spaces,
Hicols crossed, enlargenent °°  tines,

[CRO-PHOI0 18 = Pyrite porphyroblast in phyllitic
| quartzites of Martsll serias, Quarts
grains showing granulsted marging
enbedded in chlorite wica matrix,
Boools werossed, snlargenent <5 tines,






bo FHOEO 17 « Mleroscoping warping
phyllites of Martoll series. Bicols wne
crofgedy mlargenent g tinmes,

JOFHOTO 1B «  Quarte ohlerite vericite vein (left)
outting across the lmmination of greenish
vhite phyliits dands (right) in dolomites
and limastones of Garbymny series. Contaoct
1y seen which quite sharp and straight,
probubly contespormmecus fractine filling
Nieols morosseld, enlargemsnt <3 tiwmes,

PILATE 120






HICROPHGIO 30 820 « Tossiliferous nofular limestone
of Soma Series, fossil sections
of purer wll crystallised calel
of different shapes, The ssction
in Floto « 19y lower right corne
with & quarts grain in the centr:
is probadly of limestone pallst.
Hicols mcrossedy wnlargemant

<6 timen .

PLATR 33






MICROPHOZO 21 « Caleits rods end lssinae in black
sheles with cross fractures filled
with calcite, Ficols morossedy
alargement <% timess

PLATE 7
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