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CHAPTTR
I0TEOREETION

Ioeation = The arec ig situated betwcn lgtitude 700 30
ond 79° 55' and betweon Yongitude 37 95° end 30O 40° and
l1ion in survey of Indin Quartor ineh TopoBheot Mo« 83 ¥y
Hal? inek Tono theot Noe 53 H/50 and 11604000 senlo Topo Shoot
Nos 62 0/6 63 /10 oné 83 11/14. |

The pron is approéhabm by o moterable roed froo
fichiltesh s the nearest Rollvay torminus of the Torthosn
Tallways Dy private Bus 1t tikes nearly ton hours to ronch
Pipnliloti frop Rishilkeohs The privote Duaos are aveilable
upto Joshirathe Dotwvaocn Jochioath oné Badvinoth UeTdondunys
buses sre svailables DBotwoen Jochimath ond Malari =z buo
gsoyvico vporatios ond roo” ip otill 4n tho stose Of e nptyude
tione

The villeges ore slutatod far from coch othor ond on
high slopes ond the only way to go $a by feots Tho piver s
eropgsed by bonging bBridpos and at plocop tho bridpro are
conntruetod of ropeas

Seope of worl

* ohe procent work wno gnrried out with a viev to otudy
the landnlido phenomena vhich 18 vory corron along tho rondy
in this part of tho Himalvas The yolotion betvwoon lendolidop
and the geolory of the mgﬁzm' has bocn stuliidied in creater
dotedl to help in solving the prodlen of | renedinl tiossuron
vhich ¢ould Bo profitobly token ups The £das of tho vriter
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uns aloe to study and £ind any nltormations to the procont
rond alignments and 4f any alternntion existe; vhat probe
leng would ardec in the nev glignment, To got on mdver ¢o
all guch pwbiéms 4t was thought propor to storlwdith peolow
gien) weppings But ot places the oxposures ore coveorod vith
thick eover of 9lided matorinl and no study vao pesgible of
tho original out erops »né at such ip?a eog the type oF osugh
mﬂseria}. hne Doon shown in' the reps Sinde o vory »1¢ rap on
1/6% sende wvae avellablie, 4t wos ehlnygod %o 1Y = 1 r3loe To
form tho baco map three Tapo Shotto Ko 63 /0 10 0 1/14
©vero y hovover y node avolladlo to tho vritey byt ho Tovder Tond
puthoritice on 1150,000 senle ond thooe vore utilizod to ecorroe
¢t the nbovo onlargfononto to 1350,000 seales The axon vhore
land slideos oro moro froguont were studiod in largo oeele maps
at times no lawgo as 1% = 50 feet.

The procont ares lion in pdddlo Hireloyan mono oceording
to Uadda ond Yoot (1064) and in Centyol Bimgloyos gesording to
Holr and Conoger (1930)« Pollowing Connsor{lO6s) tho prosont
area 14eo partly in the ¥14d1o Hionlayns ond pertly in the
Contral Himolaynss

Piprlkots the starting point of the procont otudies
1409 in the 111d8le Himplnyae Thors i85 o clony donrslr-tion
Dotvesn tho cirdle Hinnloyns ond tho Conteal Mrel reoe
Tho olreteh drovm by Conoror{lB64) clearly shouvs tho
domartotion 1IN0 as shoun In Plgs Doedd

The irportent loenlitfes in this sepion aro piven



with their height cnd distance from fHarduar in the
table 0. 1ale

PLACE  Latitude  Longitude  Heirht in fect ristonce rilos

furlongs

) . . . A A el i e e s s ]
| fyor Harbuay

Pipalkotd 70025' 1% goope’ X 4600° 163/0
Belekuchi 70007 340 poeapt pev AG76! 18/4
Helong 79030 20% 80083t 16" 4900 163/6
Joahimath 7o904t O aoepsr 1ov gl167 170/

frox Joshimnth
“apobaft  TOORT' 50" 10029 18" G167 10/0
rengville
ARG 70840 o 2noont o8 g0Rp /0
suypithots 700447 Al8  prenyt soM 7100t ?‘.f}/n
Takck 708470 an aprngt 4 9060 26/0
Juna 79048 130 300h80 1o 3324 8y /0
Jelan 70ea0t 410 noopnt men nena /o
Bhantund 79059 220 soeae' 100 3906 ey
Molord TorERt a7 gee41t gv 10 014 S/
Punduiteair
vars 76033% 2 30038 O 850" 19/0
Hanumanchore .
4 4] 7oealM 0°  30e4iv aot 8oy 20/0
Prérinath 700200 Dot Jpesay 45T 10,16 £7/0

lanha 70230 300 1" 22 10,03 £2/o
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The first gnow vesk {a observeld from Fipnlkoti ond
the firot hundped npile journcy from Harduay fg eoverod in
o lov lying dipsocted Copogrophys bdut as the tond rosches
Chomold high mountaln grects the visitors " |

Tegetation = The vepotntion 1o controlled by helphi s
elimote and lithologys The pountainsg of hoight lese
than 10,000 or somotimo upto 11,000 foot are covored with
thiclk: forents nnd they provide good tinmbor wonlth 4o the
counteye But phovo 11,000 foet wory fouv tyors oro soen
oné botwoen 11,000 foot and 13,000 foot arose Iendo Fnovs
no Buayel are prosent vhieh are om gentle slope an? dlopes
wwmé. vith ploeinl oubwuehe | |

Thus fron tho point of view of vegetation thic ores
pay bo Q4vidod into two Brood-froupn, |
7. Zono of tropiesl elimato below 10,070 feot
IT» Nigher sono ohove 10,000 feot to 134000 foet

The snoy line in vestorn Hinalyas 15 above 124700
foct but in coytain areno 4t deseond to o helrht of 12,000
foots ‘ '

Climpte = InQopondently of the cnormous varioty of tepogvephy
the vaot nlitftudo gifforcnees of tho mowntoln alomo s
pufficient to enuno vory grent modification of elinntos
Onboholf of tho total mass of atmosphopo and throe foupth of
the vater susponded 1"n the form of wvapouy i.'tifé belov the gversge
altftude of tho Bimaleyes ond of the resi€uo one half of tho
alr nnd viztunlly slmoot old tho vapouy comee within tho



RAINFALL = Thoe roinfnll in thin rendon 40 chiofly polated
to Moneoon. ho ronscon starts vith the n6vent of July ond
gontinuo theough out tho conth of sfugust end ooptoshor.
puring this pordod the roinfall Lin continuows fop “rys tow
gothoy ond this 1g tho tine of frequent lonlolipses

 fho cctobor ca? Povembor aro the Bost feacon of
fiold vorl in tho 1'34dle Himanlyas 'ut Mny mnG Junc ntvo
good for tho £1014 wvork above 10,000 foct. The gmo-0pl)
otagts fron tho riddlo Novonbor in the econtend Hicrloya
and mnoufall éven taolres nleco v ¢ho month of iy In
highoy rogicnn: Tho penth of Jenvory, Tebrucry ond
Peocenbor are vory oolds Tho vindn apo streng cnd £oooral
dirootion 4o fron T to U or fron OF €0 PH.nNwW.

PR™VIONS WOFE 1 althoush no Gotpniicd voppins of tho nren
undor invepticetion hao been enrricd out or o sonic core than
quartor ineh to o nilo, yot oxecollent yororto of £00 poeolo=
0iend travoreoo undortaten by suden(1938) cnd Noin cnd Came
o0or(1038) aro available:

fuden took travoyses in (10M6) betvoon Ranghhcte
Dedrinath md boyondr fecording to hin tho lipestcnos ond
quartoiton otcuring botuveen Pipalbetd and Noleng ooy bo ‘
corrolatcd with Deoban lipostono of Chehivnta cnd Souasar
soriop of Sinin rcupcctivﬁly: Tho quortniton, cnoiocon,
ochits ond "Crenulitos® oceurring botwecn Jochifnet!: (nd  Dodw
rinoth ore teate? by i as bedded payarneteoen o hoawo |
beon eorrelntod with Jutogh: /ellodn end AsConoooy (0L CEOU-
orcos upto Dedginath cnd botueon Jochimath end Lote in thio



influonge of ¢he highoot ponkoe

7he mean wintor torporature at 7000 fred ip 47¢ P
o guoroy coen tompoypture 1o obout 66° P Mt in tho valle
o the torporeturos nte os high no BG® T to 100° I during Moy
ond Junos '

it 9000 foot the mesn tomperatuyos of tho eoldost
genth 4o 28% Py AL 124000 foot the temperatuge rennins

“gbovo froezing point frem the end of Moy to n3CdLo Bf Dot
ober but ot 154000 foot md nbove the temporatuys ip oluays dow
low tho freoting point. Tho onow in the form of glrgiar io
poon upto D000 Lfool in centyd Himelayas. glegciors age soen
in the velley of Aloknendn aftor Rsdeng chaottl on Doth oldess
Dolow 8000 foot pnow £a)3 i rovo encopt ot £ov ploesn ovaor-
vice roin 4o ¢he rain form of procipitation.

Abowe 10,000 foot yoing ard urmnlly 4n tho form of
dricele vhorons anbovo 12,000 foot ths moufall tohos placos
Tho gonopsl golotion of temporature to altitudo nop Fotopmined
By verious obsopvers; In the Minslayon region 48 oo £ollorpt
1« The doepenss of tcouporaturo vitr altlludo is owro

ropid in sumpors
2+  Tho teopexaturo ehengos vith olovetions The moythomn

slopoa hovo higher torporsture in conpngicon $o couthw

osn sloposs Tho valloys mre genorally Toot='oat ond
somotino IMM=0Y pnd thus the oun rays ponotrote foop dn
te tho valloys.



-
-2

RAIRTALL = The roinfnll &n this pcglon 4o chlofly polated
Lo Mensoon. “ho ronsonn otarts vith thoe abvent of July ond
continuo throuvch out ¢ho conth of pugunt ond ooptoror.
Darding thio pordod the rainfall is emmtinvsus fop dryn tow
gothor oné thio ig tho time of freguent lemdolipes

 ho octoboy oo’ Movanbor ars the bort neacen of
f£i0l¢ vorlk 4o tho 1'3ddie NHinnlyao "ul Moy end Jeme oo
rood for tho £401d wvork above 10,000 foct. Tho ononld
otarte £ron tho riédia favonbor 4n tho eentend Hicrioyn
ond movfell dvon toltee nloco ir Cho ronth of Julsy In
hichoy rogiznns  Tho ponth of Jonvnpyp TebPurry ond
Peecnbor are vory eolds Tho vindn aro otring cpd oorel
diroction &0 fyon I o ¥ or fyon (F $o Beenw.

PRTUTIO"T VOFT 3 Althouvsh ne dotnilcd rappins of tho arca
undor inveotirstion hno beon ¢nrricd out on g cenio tore than
quartor ineh te n nllo, yol oxeollent yororts of tho geolo-
Cicol trovorcos wndortobon by ruden(1938) rnd Noie cnd Come
ooox(1039) aro availeblo:

pben ool travorses in (1076) botvoon Nondthcte
Bodrinath nd boyonds jsocording to hin tho llpectcnos ond
quartoitos ocouring botvoen Pipalletd and Noleng oy bdo
corrolatcd vith Deobon licostono of Cholrota end Scvnoay
eordop of Siclo tccpcceavdly: “ho quortoliftoo, puclocoe,
sehito gnd "oronulitos® cceurring botwecn Joohinrll: cnd  Dade
pinnth ore torre? by bir as bedded parornctogos o Yo |
beon eorvolptod vith Jutogh. se«dlodn mé AsConooery LU SROV
orcos upto Dedrinath cad botuoen Jochimoth end Late in thio



arons Detvoen Cherold cn@ Joghimath thoy hove dororibed
tho following opder of oppoarenes of roslce

ae rasoive orvetnlline lipestony
Be about £00 motors of Chamoll quartzito
G obout 160 notors of vagsivo eperse Darblo

{cryotal dncoxtoin placeos upto 5 goe
recnlling Roowd) e

s quarteito ond porieito schict of tho ﬁaling
type ot tho mouth of urgen valiay: .

O wien cchiot Interbodded wvith guaptelte

Te biotito moiss vith Mildal dnternnl folding of

the DPoyiosling typor

foim ond Gonvverf{ops eit) rogord tholy “mnin
gontrel thraot® botwaen (e) ond {4) oy (&) ond (o)
Thoy rogayrd tho limoctoneo to bBolen to tho Tofan YTinoe
ptono squlvelént to Jaunsar coxdon.

2he rock bBotvson tho thuect plone ot Helonr ond
Badringth hevo boen divided by Hoin ond Gonoroy eo Follovn:
T 743 Ime piee oehist end gholsoon
1T O« Un. guartzito (Cponulition)
11T obout & ms of injoetod poroschiclo
chprneterdisod by lico ofliecto layors
Thoy have doreribod thoco roeho ao “einteal
cynﬁnilim gordonY.
Favi Peshaoh ond Peom Svarwp {1060) havo
rocontly pivea folloving tectonie cogquenco botvoch Joghim
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voth cnd Bolokuchi a part of tho prosont nyop

invostigatoeds

Age

Algonkian

Procnnbrion

fod: Pormption

tnoisoops and gebiot
with eonrco cryntnlling

narble otcuring i 1o |

oot and bandp

uartzito
groy limestono

garnotiforous sehint
eale silieante roch
tith erystalline firoy
1inostono

Biotite cehist vith bpole
intyunivo and thin quopte

voin

Tal ¢

Rro)l 7%

‘Thin enle sono compisting of

groy limestonoy dolorite

mooive quaytizito vith
basie schist |

Blotesy passive linaotono
dolonito, voapstons

Ioeality

Joghirrid and
Baragpors

Jhorlrolde ond@ Paing

Baynnoan ond Dholr
villctios

Holonn

Thyuot

ool ond
lors":

Potalnengn and
Belshushy
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CHAPTTR 2

GEOHORPIOLOGY OF ARFA

The geororvholopy of the sroa nives eleny prood of
the povarful rivor cropion on one hand ond tho nction of
{co rnd glasiorn on the otheors The doem corfo neny
ripalkotd, the pouto V-ohopod valloye of N.aletmendn ond
RsThauli and the prosonce of nuwerous rornines and
rivoy teorreoog hove frithfully procorvod tho goelericonl
atticns of various aponcion in tho post on@ thoge vhich
are continvous upto tho precent tiross Tho supfreo
fenturog corvod out in thio fochion hove boenr furthop
rodifind by tho ovalanehoy snf Icnfolides of verioun Cincne
mﬁ»m; Larpos Righ nnd clongated countoldn rongos rad
ridpen, eut Qoop by tho rivor volloyo are byondly tho wmoin
fantures of tho ropien. |

The nelor oriontotion of tho ronpgon sro SE=N%, vhish
1o the goncorsY trevd of the Hinployoase Tho jointo nto the
most frportont otructursl contyolos The cntdys nren e
goororrholopienlly in young Otago ond the eyosion ic corm
porotively ranids Tho plopes are otoep ond unotadlo oxeept
in vopions vhich have cufforod oxtonsive olidos in She
goolopienlly roeent pnste Uith tho roepult that ove’ slopes
have attainod raturity ond otabilitys Towover duo 46 the
road dullding activition, this ntability hno Beon Cloturbed
nt covornl plccop.

The drainare of tho oron o dendritie but deyond

19
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Joshimnth tho érefnape pattern becomes rectongular as
geon in tho drnin-re mep Mcsde The psin rivers of the
aren ore Neflokusnda, NeMhauld Ganga ond Tl.Lishs Cnnpoe

river alsknends orningtes from Bhaogat Thorpl glseiar
ond Satonsnth gleciny and 31F forme longitudinnl velley
before 4t nmebto Tetnraswvati noay Venas Niver Sarscweti
hos ite Oorigin near Vena Pass about 030 miles north of
Badrinathe

Fivar Dhauld Gange which megts R+ Alalmenda ab
visimuprayes » ¥ises in the Zpnsknr genges near Uitlinass
and regelves nunerous ptyroems dreinior the northern end
western ‘sﬁwa of {lpghifa Devie It ig on anticelent pivey
ond has cut doep gorgess The presence of not holes ond
river gravels ot about £00° to 1000 fest from the present
river mwﬁ. eonfirn the 18eae« Tho photegrarh foe £ plate
17 and photogronh Tow 34, 15 plpte 8 and photeprsph Fos 9
nlote © shous the rivey grovel depocitss

Piveyr I'ishl Onnge origingtes fror Vandn PMevi giseinr
snd aacor’ing to Neim ond Ceverer {(1926) eanrrics halk
the vater as carried by z‘ﬁvc-:r Thaull Gangee This joing
tiver Theull Gonmpe at Teri village mesar 14/0 mile on the
Joghlroth Valari Foode

River Aloknonfn ~ This ﬁﬁer hiag cut an irposing corge
noar Pipaitotl into the limestone(Photograrh 2fos Tlate).)
Doth siden of the river shov tymienl convem ghene rtcomening
downwards [dver torrates have been forrod by the wivey

and the photoproph oe A plate )l | shous river terepces



poar Pipallotla Turthor noyth; Talo'nnndn io Joined
by sovoral pee)l rivort like Tdlone g ond EaPataleerrs
which hovo ctocp gradient ond groat ovosive povoPs
PoPatnlgnngs hos cut on cpigenotie gorge absut 8 miles
north of Bolckuehi duo te prehistorie lomdslide in limoe
'ctoﬁu ropdon thieh had bloghked the river sorotivoe in the
pasty (photoprarh Mo 20 platoda )»

Belov Joshinath the pivor Alclmondn forpe n Jengiw
tedinnl valleye Tho pightoido of the valley 4o oteop
rafo up of joint plence vhosons tho doft cldo 4o fospoed of
0lddod rono {rhotogsaph Nosw% platess )

Bero 4t coeme that the old mountein cldde of Jochis
r-th forecd i:::o'riws to tho richt pido thug pivinn 7ioo to g
vontd oteep olepo to the zight wall of tho valloy.

Boyond Jechipath, DeAlolmenda 40 soen €o flov in o
" groneverso volleys Tho chape of the valloy 2o ¥ chewed
ond the olopos of the tw sidos arc convems Thic &c ovident

fron tho 10« I'os 24 » The tvo cidos of tho valloy, thores

| foro Just adutl ggoinnt onch othope TUpto Pon@ulrochovar tho
river fiovo in o comparatively narrov valloy vith oleop
grodiontos Tho volloy vidong, howevor ¢ nony Panduloedny
vhoro severa) condl rountein niides have cose dova from
both sides of tho valley.

Tha rivor flovs in o tyonsvores valloy upto MMentman-
ohottl in o dipoction T 80° U youchly but ot Honuoonchotts suddon
1y chenroo 4t Gircction to P-4 for ¢ Glotonce of 9 furlong

oné thon ecpodn rosumes 1ta oarlior divpotion. Thir ray woll



14

OF THE ALARKNANDA R.

E

G ORG

THE

N,

VIEwW TOWARDS

VISHNU PRAYAG

ABOVE

GARNEYT MICA HUHIS e

™M

QVART=zI TES

QU
G

Grefsses

F1G.No 21




be due to the folloving of the wenhor joint plane, w
gono other styucturel voglnosss

Betwecn Radang chottl end Bavni villape about 2 kp
gouth of Badrinsthy the river pradient has beeeno wepy
stoepy but nesy Dadrinsth the river vallsy hus begovo
sufficiontly vide ond prodiont 38 slso eorparativel;
gontles |

recopding to Helm snd Oaneser (1958) the PuAlnimodn
from Bedrinath 3080 seter ot the bridge to Mone 2170 netopr
140+ 38 ne An o strsight line has only o grodient 8485
vhereas belovw the den of Narnd 4t 15 obout 184 on an ovorago
over s length of 3 kr.

Fron Redong ehattd further northuarde there ore seversl
smedl glaelars (frozen river) sgen on the riphthang side of
Faalabnmnda s Photograph Hoe39 Plate 24 ghove o ginglar Sust
gbout 1 furleng scuth of Barmils Thoy forn talus conos at the
place vhere thoy meet with the rivers On the loft hentside
feae on the sood s51d0 YHaonchan ganflo 1e presont 4n the fomm
of a ploaciare Grodient of thoso gliaelars is vory &loeps

Turther northunrds of the place where Ianlshn-nde
moots the Velornowati 1s near tho villege of Vonns the
Falaroowati has got o steep gradiont ond o naturnl bLridps
is formod due €to dig bouldorse |

Theeo boulders oame down from the left nide oi’ﬂ éhw
valloy due to gvolanche in the past and dlockos tho rivors
Yoving paraliel to R«Sareswnti, crosasing the high ridge
forpod of hupo dbouldersy the proscnes of a t},ﬂﬁe velley and
the signs of lgho deposits eonfirn the 4dos of rivoy
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Qemring Auring the poote

The vido valley of Dadrinath vhich 45 in the fom
of dowl neels o eXplaonations According to Bose{1l65)
thic 1o a ghoantic old amphithester whore old plocicy
met in the pasts This wnlley 4o Formed due to bloching
of river in goclopienl recent pest ond ldte deposit nized
with rorpines gre seone Peat has beon found below the
gyounds  On thoe left hondaide of the vide velley fon chape
deposite nye soen vhieh ore moradns left due to tho rocer
gnton of glavdors

Riveyr TIhaull G = Be0haull gefice vhieh teets Lspleinan'g

at Wehnuprayar hao formed doep valley ond fizst toeliing o
trenoverse gection and then outting a lopitudingl ceoetion
down to itg eonfluence with the Teploknendne They oot ot
obtuse angles

The River Miould gonga in 4ts north western Govrse hos
been forced to the righty so that the right oide of the
velley 4o formod of gteep wallse This foreing of the river
to the right ern be explained due to the genaysl ¢ip of
the gnelscer and sehists townrds WD and due to olipping of
the 1eft volley ofdos on the migaceous bodding planos

Tiver Thaull gonga hpot ocut cpipenotic gorges ot
éwaral placesy the first epigrnetic gorge ro secn ooving
olong the road i at Tapoban (Photoprarh Yoe 3 Minto 20 )
Hore according to Heldm mad G-noger (3039) roraine erosits
are sean belov the slide mwrﬁél but writer could Lot find
the morain dcpositoe 4 Charpctoristic Yandfors paslied B in
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the nhotogravh Hoe 33 Plgto 20 i presont Just after
Tapobon and this 41s a flat topped hill mede up of gloew
cial moreine depogit. The rocke of this region ghow in
ity pltsretion {Figs tos3.s } This might have boenx the
reunniant of on 014 glidecd mpos vhich Bloelked tha peth
of viver and the flnt surface may have beon formed Luo
to the overflov of wator. The photograph tos 33 pinteé 20
ghows this flat topped hill, the river is narrov at this
ﬁlﬁﬂe but videns sftoy thie Blooks Thio pleee gen Yo
taken ng the lopt noint upte which glneiors vere netive
in roeent geclogiesnl pent . ALl olong the road upba the
villinge Nend 34/0 pile the river volley is rodorately wide.

Menr the villece of Tendy bounlders emd geavels gre
sorn: ond they indlecto the odd rivor level {photorrnrh 104
plate a. Pron this tho iden ecn be forived about ¢hs
gutting poues of thoe rivers 7The viver Thauld ganre suddenly
videno ofter edlostone 17/0 near the village of Intas This
wodening of wmlley vhich extonds o0 2 ¥n towprds togaithota
pay well be cxplained by the bioc!‘:mg of rivey Guc Lo pountw
eln clife. Hiver terrnto deposits ond as woll s gravel
dopoaits are goens

Tlovio~glneinl deposite aro sten all slong the

road betvoen milestons 26/0 to 27/7. lemy the village of
Tomek y glaciny stripgtion were pean in g bovldeys Yory good
viver sand deposiie are prosent near Tomalts The curront
bedding 45 seen in these pivor depopits and photogonrh o l6
plate 9 shoup well rraded belding.

Beput4ful varve clay deposits are soen plong the
yond obont n nile from villnge Jumn nnd hero the river
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suddenly chengos itz eourso 4irection ot 2ight snple foy
ong furlong ond agoin assunos its original directicns This
noy well be eaxploined dus to the nopapines vhich vore left
dua to receding glnclar and thic in turn enusedy tho
blocking of the rivers Photogranh fos |6 Pisted shows
river deposits negr 28/) wilegtone.

As seen {from the villege of Juma, the Hegehillp
;ous fece on dip slopese Thio eleayly mmw that the
northern slopes have luzurient vegotation end thay orve
aleo fec sovoreds ‘The southorn stoeper slopos 8o not havae
pueh of vegotntion photograph NoeplateI

The walley of TPheuldl gonge videns ofter the villoge
of Juma end sbout 3 rilos fyom this plece nonry 23/0 vile or
Mark's viewy river hos et ofodn en epigenctic gorpa ond tho
evidoneces of tho foymntion of lalto ave otill nrepents a8
the mpterial han not yot deon ecomplotly croficd . On the left
side of the valley river grovels aro ceen stonding  vortieallys
The left hend sddo of the valley in quiteo steop vhoress right
hond volley vall is gontle. Aceording to villagoys otout 95
years bpel p huge mountoin slide took place ond nntoriel ermo
from o tributor of Te Ihaull gongay floving in Pani«iogt
direction angd maetimg Le Thould gongn near Mo’ s viovs
Prom the villngoers doocription 4t woe infopro” thrt 4t wan
probably duo to somo avalanches )

The rivor valley again norrovs down forthor noptle
varfss At Bhopland river flous in o valley oxireroly narrov
due to tho lnrge bouldors brought ne avelenche debyice

| Congaguontly the veloeity of the river han suddonly ineronsod.
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The rivor gravels oo coen at different placon
pertioulnrly along the Thatld genge contoing bouldors
of granito, limeotone vhich has eltored to fx&rmgomﬁw
vaterinls fThig indieste the dictomeo of tmspotwmm
of theoe boulders from o far ylzmm

Thue 1t con be cencludod that the river heo lopt
proo with the uphooval of Himelayes cnd huove out [Halse
gorese

he othoy importent poonorpholopiesl fonturs 4m this
aren ore tho honging valleyse U shoped henging velleys are
voll seen noar Teoelky Betueen Pipolkoti and Dolphuchis
Glgoigted welloyn ohows fepturos cuch ap truncnted cpurs
in tho fornm of Qmmnﬁus olAffy thich apnoor for-ridable
whore the rivor haos cut doap cné this ds vell poen dotworn
Lombagiar and Bodrinath along Deflalmondas

The wator £a)ls are loento? vhoye snefent tribudnry
flaeiars hove jointd $he main ¢glrolors the typlenl honpging
volleyse Thus wotor falls have Doon obeorved near the villw
age of Torool olong Aloknend@ae The Vosudhorn £oll on the
Lefloimanda near Yang 48 formed due to tho honeing volloye
The T ghape of tho obovs vallay 1o oory @lear from o f’tz}'
Gistoncos

Toar onov 1lime honpging Claeinr aro cormons ThOY gonepw
ate gvolanches arong the vrlley above tho ghov line. Tho
glaclors soonr from Badyingth ore good enanplo of mnamg
glacioyrs thoy rest on the opure of the Poeks.

Tho upper portion of tho glaociote? walloye nro chobed
by glacinl mosaines Cyound moraing £illup the bottom of
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great V' chaped valleys ond the present L.alatnende and
T «Dhaul! genra hes cut deep gorges through thems

AS seen neayr Bhaviund the valley ig 7 ahaped mnd
0ld morein deposits ave standinr vertienlly on the left
cite of the valley adbout at g helght 2000 fect from the
present river level.






The 14trolopie wnits occurring in tho aren ¢ he
conviniently be divided in two main groupo=

Te The older Vetamorphic corieo~ It comnyicos the
ratpeponnritas representod by quartoitecy averts
gnndocos ond blotite sehisto ~nd tho veteemelites
veprosented by ~ugen groics, chlorite sclist and
blotdto serist ond corparotively srollor crlear
eous unitos Thio ceriee 40 onsentially tho pare
vhieh was celled by Heirn ond Gonocor(1920) ns
"Central cryotnlline sorieoh eguivalent o Jutogh

seriose

T« The ™inel Totd Gordce~ It cormricos tho ~uprizitos,
dolemitie limestoneny ond clotaese THoro focks oro0
leso retaroryphosed 4n coupryison to the rochs of
tho"Bldery Yelaroyphic Bexion™s Theoe rodh s have
beon concidored ss equivalent to Tojem lipogtono
cordos by Helw and Gonosoy (1939) ~nd corpospondis
to Jouncor Ceviecs Fari Prelagh ond Pren Cvorup
{1060) ; howovery congider tho eqguivaleont o frol
end Dol cerien,

Tho oldor Vetgrorphic forioe hao beoon thrusted gvor

" ¢he Pipnlkoti Ceries moar Helonp nc-oxding to llodn rif

Ganssor (1972)« However; the thrust plme 40 not vory eloar mew

Felongs On “he baele of the pensence of punen gnolones neer
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felong ond aroin ot Culabltot! shout ohe nnd helf mile from
Helong tovnrds Delnkuchis 4t has bocn coneluded thet ot
1east there aio two movemonts ot this plnces These tvo
topether have hean referred to so Gulpblot! Telons theust
non® e

The roclts of both series hove beon traversed by
boste 8illc which nre nov ropresented by the Arphibebitess
A toetonie succeseion of the aren botuoen DPipalkoti rnd
Dhoptund out iining only the mnjor litheloglerl units
has been given in Table Sels

TATLE 3

pesicnation ' Roek type Age

Intyucives fArphibotite s1lls
Aplito Dyke

0ldeyr lMetororrhie Aquarts wicagneing vith
neriep Hynnite developed aleng
, joint plene and follation
plane s

Pelopathic quartzite with

bsnde of garnetiferous ~ Jutogh ?

guﬁi’tﬁﬁuﬁ& .

Procanbrion,

Quartznica gneiss vith
parble lense Dio

Thotite schist
Piotite quartz eneiss
Migen gneiss

Niotite schist with
ehlorite sohict

augen pnoiag

S W S fault.




Pipalkots
Series

Biotite sehiet with ehlerito senirt

ferieito quortaite #ith thin bondg
of pink marble

sugen gnoisg
X - o

White to greenish nuartzite
with bands of ragbie

molenitic limestoro
Sinto

PATLY

Jounooy 7

b 1 Pipslkoti Sopiegt~ The rocks in an gyommd Pipailhotd
are hits to grey 4nlorites, interboddesd vith nlates

and merbles This succession of rocko a¥o procon? upto

o Cistenes of 7 nilas fyom Pipelloti tounrds north

ané is followed by quartziteo for o fupther aisi-nee
of ghout halif o nile.

411 theeo rocks hove bocn tyevorsod by quarts

véins olong the folintion or bodding plono oF aoyoss

theme Como quarts veins shown minute folding nleng

vith the yocks vhercns cortoln late quarts veiop do
not ghov ony folding. Theeo quarts voinn are of tuo
gifforont agons |

foldod into o plunging antieclinop ond synelinony rore or
loos In the forn of antivlinoriurme Tho structural cnp on

ic Adroantonng Sintos o Hordln e Thone roclic are

o Soale 1180,000 of aron botwvoon Pinalkoti end Helonr shows

thoe foldings Figmo. 34
The dolomitie limostome very in eolour from gy to
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in the dolonttie llmostono hotwaen tho wilostone 185/0 nnd
154/4 on Pinplilotd Joshimath yond. Plpsaminnted groins of
pyrite are vieible dn nonrly all tho yocke of thin sordes.
The development ‘m" pockets of tale has boen marked ciong
the bedfing plones of the dolomitic limestone neas Bolpw
kushi« Tho slate shows vwoll doveloped slstey cleavnto
ané eon be split inte fine laminae. The roek ghows cinor
folds ond kinks q&l glong the road betwoon Pipnlhotd oné
Bolokuchl (188/4)+ The bodding plens mnd slatoy eloawosa
15y porallel to emeh othor thus 8y iz parallel to “'g;) s —
gunrteite ~ The quartaiftos are maosivoe vhite ond groon
colourad sy tho colouration 4s duo to prooonce of scriecite

ond chlorite along the bedding vlancess The firot oinosure

of the quartzite 1s met vith noor 161/6 milestone o the
Bolaltuohi helong ronfs Those ore highly Jointed ond Lratte
ured gnd some joints show polished surfaces Nont 1629/ milew
stene the quartsite ome found to contnin srmall dlados of

bluich Kyonites The quortsitos nro ploo folded but duo teo
their competent nature, tho folding 4o met o marled oo in

tho slateo and limostoncs The woll jointed chavactors of the
rocks infdtote the atruetuye) deforretion suffered by thoeso
rockes The prasones of nuporous jointo and frpoturdsy the
oscurranct of hyanite are indlesgtions of tho emtrene stross

to vhieh thosc rodks have Bocn pubjceted tos

Tho @ip of the rocks bolonging to Pipalleti

maﬁee varios Tfrom Pipalkots to longsi bridpe dus to f@lﬂimt
The 4ip of the roehs at Pipalkotl 4g 30¢ Quo N 80° T hich
graduglly ehangos towards Heleng to 36° = 0¢ due I 1!50 e

The roeks shous n cories of vinoy folds and the strite Girection
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ehanging betvoon § G0° T ¥ 60° Y to 5 87 Ve I EC® O
botvoen © 60° N 4 G0 7 to Re ¥ ond them & §0° e § 600 Y
ond Pinally the oteike pgatn Becomss nortnl fece 0 60® B = N80,
~he 8ip of amount varien betwesn 0 o ne high pg 70" wvhieh -
45 due to intense felding suffored by these in coupotont rocho.
Thego directicn denote the vinor folds developod (us to major
anticline, | ,

The plunze of the £old vories fron 41° due ¥ IE° ¢ to
25° duo TE ond pt some places the plunge 48 "° cnd otrike
4 © 48° T IT 4E° e At such plaetes vhere £016 hve becomo
“noarly horizontsl good caves hovo boen developod no seen in
photograrh Hoe 8 plote I1Y.

™he photoproph Wes 6 plate TIT shous the foldian 4n
grey slaty limestone neer at 186/4 vilegtonos Tho foléing
has offected the joints theredy iIndiseting thot Joints are
enrlder than the foldinge

The majlor joints age ag followptw

1s 56° to BO® due § 400 U

24 Vertical joint otyilte 5 60° M- N 800 W

3e BE® duo B

4s G2° Que 1 1B° W

Se Vortlenl otpiko 1T 10 Cw g 10° U

Ge GO° duo Il 26°

7+ 58° fuo 8 20° W

The joint B3° due § 20° ¥ surfoce hne boeon paz:mm. ‘
The cpaeing of joints 1o ahout 6 to 25 en but 4n olstos
epocings aro ¢losss A5 2 repsult the slates have becn highly
froctured ond ghettoreds



The roel's nre faulted noar 162/7 milestone betueen
Belpltuehd g Helenge Tho rocks ot thic pleco oro dolomitie
iimeﬁﬁean,angen,gnciaﬁmanﬁ guartzites. The &1y of Toult
plone varies fyom 56° due W 102 T to vertienl to &% due W 200 ¥,
Theeo readings are tohen slong the rord vhers the £rult is
ezposod due to fzosh outiinges The gaunge fe present snd
this Fault nistls the end of nugen gnelsges towvnrds Tipnlhoti
- fyom thio point, The fault dg o peverse fault or rpdhory o
high snglo thouot

| Sido rorphic Serion « This series hoo been enlloed

- "Central oyystalline sevies®™ Yy Foln and Comsaer(l1O00). It

has becn conpidored the oldest cexlos of Himnleysc end pecoréing
to Cansser(1964) ond Mden(19856) s equivalent to Mlogh seriesn.

e 0ldey Uotamoyphic Serico hao been thrusted eveyr the
Pinalkotd soriose The vook units Belonging to this sorles ean
Be prouped broadly as follouns

Neterpolites
(1) ﬁugenvgneigsas

{2) thlorite sehist and Siotite sehist
with thin bonds of oarble

Met ampsermites

{3) quazts rien gnolss
vith ot places rich Carnctiforsus Zonecs

(4) folepothie quartsite

It muot Do heostoned to adf that these wnitse enamot de



intorbedded vith ocaneh othors Hotrevdps cestaln geneiod v
gation ¢an Yo mados

Botween Culobkoti ond Yishnuprayeg on Pipadlrat dw
fBndeineth ropd ond botvoon Joshipath ond Rend on the Joshimnth
Bhapkund geetion,; the roolie ave mostly woteepelitos .04
sugen gnolisses, chleorito pehist md blotite sehiots although
gubosdinate bonds of gquartzitooy quartzpneloses an® parbles
esise oeture Boyond Reni on one side snd Vighnuppeyot on the
othoery the rocks oppe mostly metowpusrrites, althowsh here
too the subsydingte bBands of biotito schict end ocessionnl
thin bends of pugen gneisses ape prooont. Chiopito cohist nre
abaent beyond Tapodan, plthough bande of aupon rnoinses
porsigt upto latae fugon gnoleoos nray hovevors not ot boyond
Lotay althoughy blotite sehisto bpnds eontinue to oceur ¢ven
urte Bhopkunds

Thepse rochs have beond edrrolated with the Darlolling
gneisvces by Hoim and Cansoer{1039). fecording to Paseo({1950)
they ropresent the root of Garhual noppoe

Thege roeks are simple dipping beds vithout ony major
discorhoble structursl doformetion for a Cistance of nosrly
20 mile upte Bhaphunde Tho &ip varios fyem J0° to 620 Que
T 16° T to IMEs This wnifornity of dipe hon prorpted corlier
vorltoes to eall these ao “menotonous®.
(1) augen pnoiosess The ougen gneipncg are met ném Calnbltots
snd thon afain ot Holonge They ogein reappear ot Jhoyluda chattd

ond eontinuo dn wnd around Jomhimathe Augen gnofnces plao ogour
near Teni (14/4) in g some of sbout two Purlongs Thoso ougen |
gneisgon are the otritho continuation of Joohinoth rvoon f;mwmm
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Tho mc!m shovs good augeno of folopry and ore lght
soloureds The biotito flgkes have apranged themgelvos
in bande thus piving rise to colour bdandse These rodhs
a¥e conrsc graineds

The quarts veins ohov ptyepatie £olfing mm
Tigs Yos 33 ghows the ptypgnatie folding of quarts voin.
The blotite flckes liave bent around the quartc loncoes “he
veing of auaytz are along tho foliation planes Tho rools
sre folded ond plunro 4w 28% due Us Ponrpaline eryetals
have develepod around tho morgins of gquartz lensoss The
dip vardos botween 40° to 38° due I 40° U ¢o I'M's Tho rocks
are highly jeinteds lonoor of quarts oro comoon in Chose
rockts ond photograph o 11 plate € ohous o lenoe Doy
nileotone 165/1 |
The augen gnelss perticulorly thoco botvecn Tupoban
end lats sre vory choraeteristie in phouing yollvwich ond
browmish andyuotation prododlyy due to lenching of some pule
phife rincarloe

(2} Biotite ochist ond chiorite schist « The roclis Dotveen
Holong and CnlebXotd , detween Baragaon anf Tepobany sné those
botuaen Paini snd Shelong ave ehlorite oehist ond Dictite
nchiots They occuy ao interenlated bBondo e aro of variaoble

thicknosss The rocks in Botueon Bovopaon ond Tapobon nro
quartz muceovito homatite ochists Tho homatite geaine havo
prponged thesoolvon dn a lineor pabtern ond have givem riso
to lineations Theso voults ave greon Lo dnyk coloured and
dip of folintiom vnvios detuvern 40° to 36 dup 17 89° 1 to
Bh»



These rocke are £olded to larpe extent into cimor
foldas The plunge varies between 40° dus W 4o 1 10° P
The rocks are fauiltedv near Tapohan tnd the hot epriag of
Tapoban pay be related to this foult,

muartz veing have intruded olong the foliation plenes
end they are ghowing pinching and swolling strueturcs The
quarte velns ot Tapoban carry omall plotes of Wolfrarite
ané g detolled study of thip area 35 varronte@ for the
further information shout rinonrlizstion,

(3) ousrtznics gnclesss vith gosnetiferous rich ponopw

The yocks betveen 13/0 end 14/0 wilostono on Tepoban—~

Reni seotios ond botusen Supnithote and Jumn are gaghetie
ferous blotite schist oné quortsito bonds ove intor bodded.
he dip &8 2C° duo 1T 86° e Garnets hove been arynngod in
a lime ar pattern giving o lineation, the diroction of 1inoe
ation 18 1 30% £+ The bends of qunrizites gre po thin g 4 ems
to 6 ars The gornot stand prominantly and ean bo yoosiniced
with naocked ayos The sehist ond gnolsces are intorcplated
and at placess yellow encrustation mnd suiphur smoll 4g
pyepent 5 vhﬁ.aﬁ pay be due to the presonce of sone sulphide
mineazlss Qunste lenses ore common ond blotite schifist have
bend around 28w Mige Noe3-2 ghova the quartez lenge rnd aleo
tho pinching ond swelling of quarts voine |

{4) Telspsthin gquaztzite = The yookn are light eolourod snd
shoun o 14ttle gnofosusity vhieh 4o Suo to tho pupcovite

flakess The genorgl texture In homdspesimen ¢cn Ho ecdd to
be of granoblnstie types



gore bontg centoln parnet piving 4t o 4intinet oppoarw
anees The gamnels ore um“angc«ﬂ nt ploces in ¢ 2incoy potbe
orn b othervico they are yondomly dlstributeds Thaoe roeoks
are highly Jointed and the bYandn of blotites sohist ore
interernlated vith quartzites ond ore folded into miney folds.
In these quortziter, querts lenses ave presont and dovelopw
went of tourmaiine 4o soen at the contact of qunrtc lenseas
1t appoars, thnt these quartz lenses vere probadly intruded
s veins topgothor tourmaline ond veye 1anter subjcetod to
movenent s onf eoughtup es lensoss

The goartz gneisses, nuartzitos ond chhists amﬁlmﬁu
o ohow oirmilor occurrence unto Bharbunde The dip of follce~
tion varics fyon 30° Lo 60° Suo HF to § 70° Tl lMinoy foldinge
and minoy favlts with throvs as emall as 3 e oro corrons

Toar Hhapkund tho development of fibrous brynnito hae
boen noted glong the joint plenos in blotite cchist and
auartz gnoisacss These hove probably developod dwo o shear~
ing forcess
STEUCIUR'S

The rocks ar- smp:lé dipping but due to tho nince folbe
ing the 4ip changeo fyom 30° ¢o 456% due 1 16° T ¢o I to B 70° 7.
Also ot plnees dip becormoe 60° due S 70° T The plunge direstion
vardes from PE° due S 80° 17 to 36° due ¥ £0° 7 to 752 due W RO U,
The rocks hove boen faulted but the foults aro of rinor nature.

The faull vhich is seon negyr Tancbon ¢ paned no Topobon
Fault. The dip of foult 4o 26° due N 20¢ ¥ end styiko io
g B0° Ew I 80° We The throw g omn)l ond the ehlarito gcehioh
are dicturdbod due to Lfanitinge The dyag offoet io ¢loarly cesn



and indieate that the fault &8 of revorse tyro.

Another foult 4o coon noar twenty ome ownf holf
mile on Jochimath={alarl Toody the 4ip of the foult
plane 1 40° Sue I 100 D and yoclts offected aré quartalite
ené quartz nica gneisse The throw Lo only 3 eme |

The socko are highly jointed and rmalor jointa are
ae follovspw

(1) Vortieal foint strike 11 80° T e 5 800 v

{2) B85* due 11 800 ¥

{3) vVorticsl joint otyike W 75° Ww £ 76° 1

(4) ©7° fuo M 780 W

(8) 685° fup § 200 T

(6) 80° fuo £ 40 W

(7) 79° due W

The joints are elosely opaced but the opaeine vories and
end. placen intenco frocturing oné ghattoring ic coon in gnelssec
ond guartzite ot 18/0 zilestonos This may vell bo Indiestion
of sceondary thrust wovepcntos The prosemes of rophidbolite eills
aloo point tounids such & poooidilitys m':em Jointo oro the wain
enuge of yock fall beesuse thoy dvo vipe to bleelc ro soon in
Tigs Hoe3

11T INTEUSIVRS
(1) aAmphibolito ofllew The roelzs of both the serlos have
basn intyeded by baole oills and ¢tho thiecknens of oills

vordes botwoon 20 foet to 6 feets« They are eoaren rrnined
to fine grpined ond are groenich in colours Tho penoral
texture In hand opezimen is gyonohlastic but fus to ayrangow
wont of homblende crystale into linoor arvengement s a
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sedotoae texture iz tren undor riorooeopt e Thoy have

caught piceos of gnelscas in botvoen thew. At one plnes
near 13/6 milootono on Joshim-ti¥nlnrd Toady tho prphie
bolite at the contpet hove developefl Dlopsidos Pyobably

nt this ploco the bapie 811l hoo intyruded clong thw

marble Band intorealnted vith qunyts nien gmolsse At

thig place the cophibolite has becn bifurcated snd tho
portion botvoen the ten crphibolite bonds thow o erneontros
¢ion of Clinocoloiteo, which 40 mnother ovifcnes in cupport

of phove stetoront s

CONTACT BETUETN OLDER MFTAVOLPUIC GFIFS AP PIPAT™CTY SERITS

vhe aron botveon flelong oné Gulobloti (1€2/MH41e) has
beon considored by the author oo o theuet conos Royliey -
vorlrers 1ilte Auden{1978) ond Holr ent Ganocer(2020) bove
osohsidored ond indicated Chat tho thruot poasses throvsh
Holong end 1o voll cocn at tho pont: of Urpeh val’c7« Tho
prosent writey could not soe any ¢loar thrust plenio 4n thig
arcos Cpnoper (1964) pp.104 has olso reportod thet "in the
tepleltnande valley, the thyust 4s loos ¢lonrly dofined,
pinee undeylying motamorphie rocks rosulting from on wnvard
increase of notamorphion in the quartzite secticn of Tojonm
bolt are not wnliko the over thrust mosses end tho Jotter
nre eomnliontod dy come sorondary inbricnticno®s

During theee Anvestipations, it wae found that pltheugh
o ¢loar thiuet plane 1o not geen ot Helongy it tho nmphibelites
prosent horo chov entaelnotis textura{slido Noe 4/40) indiw
¢ating thoyaby oome fynordce metamorphioch or movomont « The
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micro photograph Nos 45 plote27 chove thoe brobten hornblendo
eryetoloe Howovor, the rocks on Both sidos of the sorhibolite
are similar 1.ce ctgen pnelssosy chlopdto sehist ong tiotite
sehists 1€ wo rogard axphibotites to indieste the thrust
plene oo Oanoper (1064 ps 104) have dont, twe emestly eimilor
rool: typos oeourring togothor will have to be grouned in two
giftorent soriess I, one agrecs wwith the olotoment of Gunnser
statod ohovo that the rotke of Pipalkoti sordes hpve boen
metozorphoged hore to such a degreo rs the Oldoy Vetnmorphie
sericsy the £icld evidensos do not owpport suech vicvse For
onarple gquarteites ond dolomitie limootone snéd slato of Plpalw
oti sories do not shov eny resemblonce to thoce of the
018er Metamorphle Oories.
A fault was noted by the vritey near Culnll-oti.

1t ic o mplor fault scpornting chlorite sehist, auron pneias
ond rozble vith tho quartzites snd Ffolemites of tho Pipalkotl
serioss The quartzites ot this place are highly Jointed, the
joint plenes are vory wook mnd siall sesle rovenents ore noted
in thoms 3t ic thought that these ptructural deforntions are
probadly sympethitie to the thrust movements and that the
foult ot Gulabkot! ie probebly o thruets The dip of the
Gulatlkoti thruot plono verles from G0® to 66° duo boyth 10° oansts

Thus, on ono hond)y there ore indirect evidencos of o
thrust nopr Helongy suprortod by tho viey of Hein ond Gonsser |
(1939) an2 juden (3925) and dizect ovidensos of mowenent ot
Gulabkotis The socko bobwoon Holong and Culpbhoti sesemble
vory much vith those of the Older Yeterorphice Soricss then
vith the rocks of the Pipolloti goriess This lends to the
1den . that nesniblv these ara tuve thrusts hetvaen Holene and
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Gulabkoti. ~ho problem haz boen ruch appgrevatod Dy tho
poatteity e:f- orpcpures botween these two placoen as the
area ig covored by slléed dobriss 1% 1o quite litrely
that between thege two thyustop there nay be one of

tus more thrust snd the thrusting might hove taltén nince

along several parnllel plenese. Hovdver, the writoyr vill
not Mke}‘izarme the problem with tho limitod dptn ot
his diepoenle

The iden of the tvo thyrust plenes 4 hovover, not
corpletely notrs Hein ond Ganssor (1939) have shoun Pwo
thaust plones to exist the enolscen ot tho Rourd Poog
Sectiony vhieh 15 vory airiloy to the precont nrons A

coolopicnl ocotion of *ho Upuvi Pacs aron and thot of tho
prosent arco hac boen fivon in Ulp« Uom3s,z7cond thood soow
tiong shov tho vesonblancens
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CEAPTEE &

EELLROLEALEX

The peolopgy of the aren has heémrﬁasﬁr&b@ﬁ in
Chapter 8+ The potrogrevhy of the vnrious yoek types
oecurring in tho aren will be denldt vithin thede vonesg.
2he yool typos cssurrine in tho aren noy be surmariced
a8 follougi

I+ Pipolicotd Serlog »

s Iolomitic limostone
2» Quortsite
3s Olete
4+ Chlopite schist
11+ 0ldor Votemoyphic Corxlop w
i+ Bchiste
(o) quartz ruscovite ehlorito schist
~ {b) gornetiforouc quorts miea oehiet
24 Cnolosao ‘
(o) pugen pnelso
{(b) Quartz nlbite nien gneloo
{¢) Gornotiforous quarts bMotito gnotos
(4} Carnotiforous biotito ¢linonolsitd fnelss
3¢ Quartzitos
{s) Polopathie quartcito
{b) Cametiforous folopathic quartzite
4« MNorbos
(o) Biotite marble
{b) rlopeido moyble
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TIT« lotabaoiep -
{a) Chlorito arphibolite
{b) Chlorite opidote crphidolite
(¢) cophibolite showing eatnelastie temturs
(4) Garnetiferous ulbite epidoto arphibelite
(e) Catmotifesous andosine epiéoto arphidaiito

Ve Acldio dykop w
{n) fplito

I+ Pipalltotd Sordos = |
(1) Dolomitic limoctono = “hoy are dnrh groy o 1ight
geey in hand specipens Thoy chov bendod noture ond aro
vell eryotellines Thoy 4o 1ot sondly voned with fel,
thereby indleating that they are dolomitic limontono.
Tnéor wieroseope the roek iz insquipremmles
mé fino pinineds Tho folonito graing ore oecurring oo
subhedrnl grajnss The graing havo irroguler donticulate
zargine and have formad interlochking cutured pnpregato.
Bando of fino geain ond cornse grain minerols nye prooont
~eng they havo given rico to banded stzuctures Theo
texture may bo tormed as Cronoblastices
following minorals are proocnts -
Dolocdto s It oeeurs oo subhedral gyalnas Yt 5o colour-
lons md ohow lemellay tvimning in eposmieclio. It 4o
prosent in abundonecs
Caleito ¢~ Yt is cecuyring ns cnhedeal gpaing ond
relief 4o lovey then dolomites
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Gartz ¢  OCecurying ap anhofyal graing and 4t ie
presont in a minor prount.
Flokos of fMseoyite and omall quble orystols of

Pyrite are otaer minercle presont in this roolts

(2) quartzite = The roel shovs gronoblastic tezdures
But finc roedles of npugeovito hevo aoyrpngod thersolvos
in g preferentinl diroction, giving rise to a linooy
arrangeront «

Folloving cinorpie oro prosontie
Qestze= It occurs as cohedrel gralao cnd bouwndarics
airé mﬁl 'auture& ogoinet oach other« The grolnp show
unfulose extfinetions pbout 965 constituents of the rook
ere quortSe
Biotitet~ It ocours as fine nocdlos vhich havo orrangod
thomoelves in o linear arrogomente I% do precont dw o
winoy omounte |
Ryanitow= It occurs as pristctic to tobulor crystals.
Cne vsét Jai’ cleavage ig well devaleoped. Hostly 4t shows
pnrallel extinction but 4n come of the praino ¢he anglo
5 80%

{3) Slato =~ The texturc of the yoeh is prancblastie
but Quo o tho asransenont of ehlorite flakes cvd aloo
due to the porallel orientation of ¥otito ond gorietto -
the roch has devoloped foliatione Olaty olecvare 4o
dovelopof e

- Tolloving minorals have boon f8entificd uwndoy
the microscopot=

’
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Quoxts t= It ocours as anhodral grains. This is
videly distributod through out the rocks 2 fev
quartz grains are arranged in lsyers. These repre~
sont the oripgingl slliceocus layers.
Coledtos~ Tt ocours as subhedral to snhedral grping
thoreby indicating rocrystallisations Lameller tuinne
ing 1s seen, |

Hinute £1skes of gorieits and Chlorite are
alno prosont gnd they asre usually arranged in bends.
Incipiont crystallisgtion of biotite is also discer~
nible in the thin section. Small cublc erystals of
Blﬁigﬁ,ﬂrO prasent in significant omount .

The rock scems to have beon derived due to
motamorphictm of argiftlacecus sediments whieh wore

containing ¢alecareous materials

{4) Chlorito Sohist =~ It shous schigtose toxture.
Chlorite flpkss have arranged themselves in » linegw
patiom giving rise to schistosity. Chlorite £lokes
havo bont ground the quartz felspar graing.
The folloving minorels are pregentiw
Chiorites= It 1s pleochroic from greenish to cclourless,
It shows parsliol erfiinction.
Quartzi= It ogcurs as enhedral grains, arronged in
betwoen the flakes of chlorito. b
Sphenes= Oceurs as needles and erystels arrpnged in
clots and also showving preferentinl parsilism.

A fov praing of felspor are also visidle, but thelr
etoct ldentification could not bo medes



IXe 0ldex llotcrorphic Soricg =
1 Gehiots
{a) quorts muscovito ehlorito schich sw
The rook ghowg schistose testure vhieh Lo irmartod
to tho yoel dus to tho linocar nrrengenont of
nieaecsun pinersls.
Following minorels ore prosonts
Suartse= It oceurs ag subhedral to erbedral gEaliss
The bounderios ayxe voll morked ond cortain quarts
graing shovs suturod ﬁnunﬂnéiﬂu- avy eutinction ds
chorgotorigtie,
Chioritor=- It shovs groon colour under polnriced lighte
The pleochrolenm 15 wonlhs I¢ oeours oo yedicting fibrous
mnsss Tho intorfercnce golours aro ¢utroondy lovw opdor
groys In mony flroltes anomalous bluo esloup uvno soon.
Blotiter~ It ohous plooshroicn fropm licht Drdwn to
dorl: brovma It ocours as flokes.
Sphenne= It 45 precont in loyge quontitys ¥t ocours ap
noodles oné ng elustorss |
Fuscovito, apotite snd folopors ocour 4n minoy

nrount .

(b) Gommotiforous quartzmien ochipt g

Tho poclt 4o fino grainod ehd Qarlz coloured. rehisiose

toxturo 4o seon in hend opecinone

Toxturo = Tho grainc are gubhodral to cnholral. The

gornot occuro as roundod grains snd biotito flckes

havo orronzod in o linooy pattorn. Duo to the portiald
. prranpomont of blotite flnkeny sehiotooity 4o dovoloped

civing riro to sohistoso tontupos



Folloving ndnogolo a¥e procontt

Planioclase =  Ogeurs no smoll groineg, cubhelral In
shape mnd showg alblite tvinning and earls Bed twioniogs
I'atinetion pnplc os Setermined in AZbite tuin plone
varies botucon 22° to 80Py glving rise to g covposition
of 31bito boenre Rels € CuBe

Surnot - Tt oocurs oo rownded to subhedrnl preinge

Thoy ohow piove streture ond are Ssotyople. Tho btouidaries
ore voll marked and biotite £ickos osour around the parnot
groina. It ocourn gf porphyro«blaste ond it contein dneluve
pions of quorts ond biotite.

Dlotite = It oveurs as Flstos and shows plecghroisn fyom
doslt browvm to 1ight geoenich. Its ontinstien voarico botvoen
0° fo 3°. Tho flskes havo genmornlly curzoundod the garnot
ond clinoeoiodito

quarts - 1% oeourg nn anhedral graing ond few prains oro

present s

Opthoelnse =  Fow graine arve prosent 5 but thoy aro sltorsd
to serieitee

Clinocoiniteo = It oecurp no oudhedernl groince It 4z colourloso

and noneplicochroie in tho ordinayy Yights. It hop rot one sot

of cloavagos JYts relief 4o high ond yefeaetivo infcz is greator
thon ¢enadn baltoms. Tho intorforence colouys lst'asﬂarg
aonnlous bluo eolour s vOry comrone
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{n) Aurcn gnoins = Tho rocl ghotre z:{nainaoéﬁ tesgnre
ond tho fickos of nien nnd graing of qgnrﬁa nrd
folopne nro arroncod in o linony foshion and poorhys
robleets of folcpers are developed piving rice to
ougen otruchuros The floktoo of biotite hove beon
bent round tho augens nnd thoy ot pleces eriss ovoss
snch othees
The fo’iiwﬁ.‘na' ninorals are propente |
i_‘«'el‘spnrs- It oocurs ao purphyroblastos. BSoricliization
han tolken placo ond the apronrmes is clondye Dole € CoBe
Lomellar tviming 49 not presonts On the baopic of thooe
charsotope tho folopar in 1dontifiod ro orthoecl~cos
mqgiaq;nmw ¥t ohoup nlbito twiming cnd oxtinction
ongle 19 17°» Rele < CoB4 on? henee tho oinosplo do
albite, It 4o nitoring to coricito.
guastai It generolly thouo cutured bounderfco. It s
anhodral in shape tut ot placos vell dovelopod oubhodral
groing avo socn. | ‘
Biotitoiw Oecurs ns flo%os gnd hove bont grownd ¢ho pugens
of folopars DPlovchreic from light byovm to (ansl: browm ond
chows porsllel omtinctions |
Spanete~ It cocurs oo vounded grains and chotr olove structuro
At ploeco it s currounded by rlea fickose

Plcltos of rmoeovito, nocdlos of gpheng ond grains
of cpetito and wapmotito aro other mincrals procent in this

FOo0k »
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(b) Quarts albito vden gnelssw Tho roel emdning
zonoblastic graing of quartse Tao graing of quarts
are sutuvrede Tho plopgooelass and felopar aloe

ocouy op oubhodral graince It has doveloped pnoissene
temturos The botite flakes sovurs aryanged in s
preferyrod orientations

Quorts e Quarts %o obundont in the rook pnd cecurs
as chhe:ﬁrai grainge It has sutuped boundarios.
Plopioelnce 1= It dp olbite as dotewmined on albite
tvin planoy oxtinction anglo fs 18° 20 219 ,Rels € Cells

Orthoelato 8~ It ip oltoring to o largo cntont to
ooricitos It ocours ac aubhaﬁml grsings ‘

Huscovitos biotite, ophono, opatites pericito ond

ironoren{pngnotite) ave the othor minerals ccenxing

in pinoy opounts.e

{c) OGornctiferous quarts biotite gnoios =
The yock 4o fino grained end proinc sre pubhedend to
anhedrale The mm@mmic biotito and cuseovito
hps arrangod themselves 4n o pornllol fashions Tho
cltompto gronoblantie guartc pnd felopay md
lepidoblectie blotito have givon vise o cneiorose
toxturcs

Polloving minorals are invarigbly prooent iw
Muartze=~ It oceurs as enhedral to gubhodral agnince
It hag roerystallined to o largo cxtent and boundavios
ove well dofined. It contain inolusions of blotito ond
aphend s
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_Piagiaézmw Oorure no subhedral protnge I shows
pdbite tuirning snd extinetion on plbito twin plens
18 125, Rels < CoBe The minored 1o olbitoe It ip
preeent in o loyee quantity.

Orthoolacos~  Altoration has given 4t n cloudy
oppearancos - It hag got low refepotiws index. I

containe inciucion of gunsts emd muscovitoes
Husceritor~ It ocours os latho and finkess 3% hos
bent around tho garnot praings
Gornote=~ It oceurs po roundod groinse It schovs
slovo structuys ond mien flalton haovo bont arommd 4t
It contains inclusion of quosts ond ephenos

gitor= It oecurs ns six pided eolourless Baspl
soetione Also rectongular scetions are pyocoads

Bictitoy spheno cnd pagnotito occur in oinor crounte

{4} Goractiforous Botito elinonolnito gnoing =
Tho roet oeeurg in botwoen two omphibolito banco neay
13/6 nilestono on Joohinath Volowd Roode Bl8dc Tow 4/80
Tho yock shovs pneissose otructuys, the pnoissosity
boing Giopleyod by biotite and pricmetic; lonticulpy
graino of slineseisito. Followving minsrsle wore idontifiod
in the nlido.
Plagiogiogos~ Oceuro in gubhodral grains shouing albito
lov ond copbined plbitewporieline and albito =enplchad
tuinninge Tho refroctivo index is higher ond tho oxtines
¢don ongle 4o 82°. Tho specie comes out £0 ¥ pndesings
Blogigor= Occurs in laths or bagal plates and often
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to worein vith thy pgarnot 4o not shoPpe Tho

biotito do not chow oxgot proforzoed orientations

but on lorpge cealo they dopiet tho gmolopeoity.

Barnot o= Powundod to subsrounded groing of goimed

with oeepesionsl ouhodral morginos Frogquently

occuyr in the plidoe The gartot uoually sontain

inclustons of blotito nd quostos Tha blotite 1o

also progent around the marpingy althoush tho

bonding of laths 49 not maxtio@s

Clinozodoltor= Latho and lentieular praing of

clinogoinitoy ss:liﬁmly pinkish in colour and chowing

anonplouns lenon-yollow or upto firot erdoy yollew

colours pee vory sommone. Thio 4o usuplly noscgintod

vith blotito o”thoush tho nonselotion fo not undversale
the guarts ninorals proocent 4n the glide cyo

arhodyal groing.

Gunyteitos
(a) Polopothie gQuorizito - The rook contsin abowd
208 quarbs and guartz graing oceurs oo ronoblgotie
wt fou flskeos of vien oocurn i tho Intor spntcbs
The tentura 40 grenotlastios
Quertsr= The quars groine avo owall ond they hove well
dofinod houndartose It shovo noronl oxtinetions
Plagioclocos= It showe albito Cuinning ahﬁ entingtion
englo 46 21%s Rele € CaBDs Honeo 3% L0 adbito.

7ho other minorals precont awve finlton of

puceovitcy groinpg of apntito ond noedlos of oplizmos
L AP A
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(b) GCornotiforous quartzito =~ In fiold it ocours

of bondo in quarts mien gnelss.
It chovs grenoblontic torturo and folloving

. minerels are prosonts

Quortoe= It shows corzoded mergins ond it eonsitutes
otout 785 of the rock. |

Gognote= It has got corrugated marging cné the

gexraot 4o brokon into caleito ond chlorito ond of
placos o vinp of c¢hlopito 10 prooont mlmﬁ‘km gainot »
It ineludon graino of gquarte and ophonos

Biotitor~ Blotite oceurc sround gommet and at placos
hoe bont arovnd the gasnot it oecurs ao podl:iloblastic
1nthoe .

£hloritor= It 4n duo to tho nltoration of pomct L.
dug to the drbvaking of garnoto.

Tho other minorals prosent ore gphenc, pwetlto ond

coleitee The ealeito oceurs oithor ot the bordor-
or in the cracks of gawnot.

Harblog .,

{a) Blotito marblo= (51ido los 4/63)

locolity = 12/6 nilostone on Yochimeth Volopd Roed
The noyblo lenpo oecurs in botvoon tho blotite

oehiot+ Tho ¢leito orystals how roerystallised ond

boundnslon are voll maxkteds Thoy shou granoblontic

toxturo but tho biotito fiskes have arrangod theme

selvos in o linany oyrongomenta 'rhéw pre bends of

coares and fino graincd ealeitc and n skhistosity



1o dovolopod due to tho blotito £laltons

Folloving pincralo ave prooents
Enleitor= Cecurs dn 1) eryntalldsed groins ond
lomollor tvimning 4o comwons Thoy occur at suthedral
to cuhedrol groainps
Biotitorw Tho flckon of bictite havo nrrenged
thomnolvos in o 1inoor dircetion ond thuo oehistosity
1o dovelopale
Clinozodgitogw pubhedral erystolo of the minopcls
are fdevelopod in epsclts and frreturos and thoy sgeup
in botwvoon the enleito groine |

Tho chlovito onéd quarts are progem 4n
nincor acotntraf ehlorito 44 dovolopad nlong ¢4o
£rocturoce
(d) Diopoi@o marblo = ( B813do Foe 42 )
The yoeht sceurs nlong tho mayging of amohdbolito ot
13/6 nilomtono. Tho xoclk shovs the dovolopnmeat of
larpo epyotals of dlopnidoy topother vith onledlos
Mopoider= piopeido ocours oo largo eryotalo tdth
- pubhofrnl to anhedrnl margines It showp altorriion
to hoynblonde along tho morging end in the eveclioe -
Inclucions of enleito grainp aro scon paytieninrly
tovards tho vorginoe Y¢ has boon ddemtifioed duo to
ite noutral colour, volief, tvo soto of cleavnros
nt 86° and £4°, antinction anpglo of 4l¢ ond nrsinum
interforcneo colour of cowond ordor yoilove “ ,
Cnleitos— Osecurs 4n voll eryinlidocod z:;man'ain;ﬁ?ﬂi ¢ypienl
1epollor Suvinringe T6 ccours ao dndivifunl selhodral



eryotoln or ag arhedrgl gyaing included 4n diopoidos
Homblondot~ It occurs oo on oltoration produet of
diopoide olong tho morgins, cloavego plano onf £yacturos.

I‘xh Hotabasi gom |

The ‘ampmmute silig wmr all elong fzom Pipnilroti
“to Bhpplrunde They aro coarso greined to reédiun rrainod
in hondspooinen sndé ' ghouvs at placos onleito poehotn
vith pyritos The contoet with the countsy roel: 1o sharps
But ot placos slonp tho eontnet o sono rich dn rovnet
has devolopods

(o) Chlorito arphibolito = Under mierooeopo it shous
wvell dovbloped sehistose toxture vhich 45 dus o the
1inear orrongemont of hoynblendo ond chlordto ecrystoloe
Lepidoblastie pgrainc of ehloyito have bdemt aroun? tho
grains of plogloelano.

Fallowing minorals aro prescnt in 51ide Mol 4/00.
Hormblendor~ The eolour 4o light green snd 4t ohous
pleochroion from light greon to dark croone Cryotalo
are arronged in a linear pottern giving riso to ochigtosity
Hornblendo altorod to ehlorite ond only few unniforod °
hugnblende groains oro preconts Genorolly tho sozo s of
homnblendo ond margine oro of chloritos Tho rerioun
entinoficn onglo ig 20°,

Plagloelpcot~ It 45 olbito oné tho entinction cn tho albito tu
plong 49 20% Bels € CoBs Tov groing of plogiccloso show
hoavy altorntion.
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Quacts s» It ocoure as schedral greinss The quarte is oesde
ciated wvith falspar in the comuon pgrownd mase of the rook, It
Goas nui show undulose extinetion, Boundaries ave cloorly mare
kod, It often conteln inclusionsg of hombdlende snd felspeds
fhloxika te It panorelly ooours oy sltersbion product of hotfne
blendes 1% 46 greenish in colour and shous Pirst order yellow
polarisstion eolowra, The extination mpole i 0° ¢o 5°,
Bnasosibe and Botdte v They oécurs s €lsen and thoy arve
arrmead in linewr pattarn.

Sxhetia 3= Ocomrs as noodles, They hnve Mph refractive index
md reliol,

(b) Chlorite epidote amphibolite « It chows schistose texture,
Lepidoblastic grains of shlorits have bent sromi the grains of
plogiotlase and quarts.

cm&w 1« I% Lo preoont in large proportion snd almost all
hornblende hes changed to chlorite axcept st fow places vheave
hornblende ocours as core of the grain, Sono of the shlorito
groins show snomnlous interfearence colourse

Plapfoeiage ¥+ It 1e of olbite composition snd oxtinetion engle
i3 gbout 187 on aivite twin plunes Roefractive index i3 lower then
canedn balsme, It oceurs in large quantitys

Hornbiends 1« Occurs only as core in some ehilorite grains,

Epidote tm It 1s colourless to yallowish grasny shows some

plsoctiroism, 14 has cleavage in one direction. Relief 4» hiph

and refrsctive index is greater thon cancds balsams The polare

isation colours ave of Chird trders .
Grains of quarts md aamu are other mineryls of the rotk,
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{e) Amphidolite near Helong 169/5 milestone «silde N, 4/45,
The texture is csteclastic and hornhlende graing are Wroken in
& preforred direstion. The parsllel arpengonent of horndlonde
prism have piven rise %o schistosity. AL places She gquarte gre
ging are completely surronded Uy hornblende greinge At places
& Jttle rotation of quarts greins are sewn and Que to this the
hornblinde gradns ave also rotatod, Following minerals srs
prosent §

Mb:.mdg t« The hornblends gralns are fracturcd along a cerw
taln &roction wnd otherwias they are shouing complete margins,
Mieropintogreph No, shows the effect of fracture,

Quartz 1= They oocur as mwu grains snd show effect of roe
tation,

lane te The subhodral grains are comuon and altte twine

nm 1s ssens Fxtinetion sagle om albite twin plane ts 37°, Refs
ractive index 45 loss than emadn balsoe, It s albite,

Grains of apatite and needles of sphane are common in
this reck, |

{4) OGarnetiferous alhito epidote smphivolite » The rotlk i
medius grained, The amphidoles are forging slsnder prism end
dathss They have arrenged themselwyons in a linowr fashion dut
often they erios-cyoss each other, Blotite flales also show
narited parellelisn dut ot placos theso flakes out sach othor,
Garnet 48 otowrring as i4oblastie grains and 18 also arrenged
in & dand md 4t ocours a5 phorphyroblosts. Quartz ané felspars
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are snhedral in aggregate and ocours interstitfal grains,
Homblends t« It 15 plecchrole from dwrk grecn to Mght greem
and extinotion mgle 45 16 , Cleavags &8 well devoloped and
often basal costions are present, Inclusions of guerts groins
aro CoOMMM.
Oarnet 1= Its bomndaries are sharp but at places garnot has
glven rise to blotite, 1t ocvurs ag porphyroblasts,
&aﬁu t= It oocours os flalktes around garnet,
Quarts 1« It &8 present in sufficient quantity and oocurs as
Plagloslase 1« The plagioclase is olbite shoving an extinetion
angle »efm‘” on sltdte twin plane,
Epldote te It cecurs s slander prismatic greings It has got
high mm: and rofractive index is grester than canads balsem,
it shows parallel axtincotion, It nmay Do 4us to ssssuritizstion
of plagioslose,
Clnomisite t= It 13 eolourless in ordinary light, Cleavage
is porfect in one direction, It shows firot order nmiddle intore
ferance oolovrs but they sre snomunlons, In most scotions tho
sxtinetion is parallel,

Recdles of sphetie and grains of magnetite sre other
ninerals present in this rock,

{e) Garnotiferous sndesine epidote suphibolite » The general
toxture 4s granodlastio tut st places a 1ittls schistosity 4s
developed, Hornblonde ocours ss Jepifohlestic grains. Following
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ninarals sro present i -
Hornblwnde s« It shovs plesehrofisn from 12ght gresn to blulsh
groan. Two asts of cleavage at en mgle 124° s meen in bael
asction, Extinetion angle 18 15 ond symetvicel extinction is
sesn 1o basal soctions, YMore than 60 £ of the roeh &3 mado wp
of homblende.
Plagdoslans = 3t 4 andesine and extinction magle is 18 on
the slbite tvin plane ot refvactive index 4 greatey then
Sumet 1+ It ccours as disseminated graing amd shows sieve
-strusture, It 48 feactarsd and btowmderies are frreguler,

The graina of gusrts, needlos of sphens, fldkes of ¢hlorite
and ovhedral grains of spatite are other minerals of the roek,

m Azidie Dykes
fa) Aplite t» {(51ide Ho.4/118)
The aplite 4yite has ¢t across the foliation plane
. of micessoidst near 20/7 milestone on Joshimeth » Malard Road,
The texture 43 mediun gradeed, allotriomorphics The
ainerals presant ars a8 Tollows ¥ |
Quartz se It ocours as onhedral grains. Somo quarty grains are
cleor vooreas othars have neediles of tovrmaline which have forme
cirenisr vings.
Opthoclass s« 3t cecurs a3 suthelrel to snhedral grains, It 4s
altured Rooline md henos thy appesrence 48 clonty, It also
sontalns noelles of tourmsline end these necdles are restricted
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only to some part of the rock,

Tourmaline t« It cccurs s needles shich are accloular nature,
It Lo ploochrole from neutral to olate bives It shows parallel
entinetion, Rollof is high snd tids variety of touranline 4o
pehoriite,

Crystals of pyrits and Mmonitic materlel 4s present &n
this rock,
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CHAPTER B

LATPSLIOES & A voviow of the oaunos and
" ppovntotoric 011doss

in o countyy wham nount sdnous regionc oo Cotits
rainfoll intenpity and comeontyaticn are high, soituoloe
pieal ﬂis%mbames are fraquonts tho gosleglesl structuro
io young end wotabioy tho problco of Iondolides ax0 vory
corploxe They royuire {hyough invaptipotion nnd o ¢orvoet
- pnalysio of ¢ho plido 4o noceopary to deeido upon the
provontive and corroetivo COaoUros

In tho vordn of Torsorhi (1060) the toro Leftolifes
profors t0 o vopid dionlcecront of o mass of pody sooldunl
aoil or scéipento, adjoining ntiopo in vhdeh the contze
of provity of the woving naos advaneos dn o dowmuessd or
outuard diroction.

The puthor hen ostubiod some Ien@olide conoo
Botvoon Plopllotl ond Badrinath ond thet of Botwoon
Joshimath ond Thophurd s Tho pechs no carliesr otoloed
nko dolomitic lireotoncy olotos and quartoito botveon
Pipalltoti nnd Tlolonge Thoro oyo thyupted upon by oldor
netamorphie corios ineluding avpon gnoloneoy auartcitos
ond -Blotito cohlotss Tho pocks pro ofton ovorlein by
weonvolidotod mooses of pro-histeric slddos, glecior
nornine, fluvie=glnelel depooits ond river Lowrecnss
Tho lithologys otrueturo end inoitu cltoraticn ore
tho foetors enusing tho lond plidoo in the concolidrtod
material onf disturbancoc of wnptupal anglo of zinodo,
ntooophoric pnonelon 180 raing vindy ovaleneho ond



the action of surfrees mné sudsurface vntar are the ehief

cpuses of lend s1ides in the wneonsol idnted raterinl,

CAURTS 7 G AOCITICAPION OF 11NN IDRE w

the moving moss Or veteilol cpy proceed (oime

ward by ony one of the threc principle types of rovenenta

nefrely s
X. F&ll
IT+ &51ide
TTY » Flow
I« Poll= The roeving moss may be roc? or soil -0 4t

ITe

frlls duc to rotion of previty. The rock 4y P~coe

enod by different croveles end in the en? thin loose
rock folloe The "ipe lios 51 ghows fallg Cus to
action of diffarent agencles.

Slide~ In -ifue siide tha rovement results fro-. shear
failure along cne or reveranl surfoees vhich ~ro eitheyp
vipible or naf Ba rean-nchly inferped. Therc ~ro tuwo
sud grsups Borad on the aqualily of ratcorials

{a) Slucp |

(b} DBloc:: sllfa.

{a) Blurp~ In tho case of slump the novinge raterdal
i1s not deformed gud the slide 4o of votrtionrl sheer
types In this cose the Aipennsi~n of unit is frect
than tho displaccrent « Foverment o ccnf:rnmé*’ by
purfeges ¢ weelnone cueh pse faultey gaiﬁts; folie~
tion ni~ne. The movement in slump talos nlann plong
internal slip surfecoe« The surface of rurtv:e is n
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conanve upwnrd curve purface end 4¢ 1o coldom o edrver=
lar oye of unifoym ocurvoturcs Tho ghapo of tho eurve 4n
preatly influenco¢ by faults, joints ond othor procwise
. ting &1aﬂan$1nu%£ﬁn in the moterial for amemple tho
1itholopienl changooy tho Pine Wos52 shous dinnenm of
the slump olong 1ithelogionl doundarye

The searp ot the hood of olump mey bo almoot vortie
cal vhon tho taps movos aomgddorably downwerd, the nteop
oearp 4o lofd unpuoportod ond ninor slides toltos ploco
in fue courpo of timo. Any wator that finde 4ts vny inte
tho hond of olump may bo pounded by tho bnedemumpd ¢4t of
tho mnit dlock or by othor iyrogularitios in the topogrophy
ond duo to thio wotor tho ourfece 4s kopt ot conctantly
ond this roovits in pore olumps ond econtinuo £11) tho
slope hoo ottoined ptoblliitys 8lusyp gonorplly tolien plaee
in ancongellidatod stratae

(v} Bloeck glido = Blodk glidos are thoso siides which
“%oka place along the plonor surfoeos pcr%iﬂulhrly nleng
tho bodding plono end rotery movemont o lcckings Tho
‘bloeit glide tekoo plece Geponding upon tho ongle of @lp
end prosence of intorcalotod olip ourfaccs. Bomo tipe
aftor glide bugo blocks of yock remoin dn the some obruee
tuyal positicn ond dip romaino tho omio with the yeogult
thot 4t docoros Aifficult to dociphor vhothop o perblous
doy block 4o imeitu or 45 o 9lidod maaé. ‘

- This type of biﬁﬁoa o0 conmon dn tho proosent aron.
The landsifde noey ©/3 niles on Joohiuntt=Badpinath rond



con bo groupcd oo bloecl lidos Hore tho vooliv npo juprtsgnoioccos,
ond olip tohos plece along tho dfp olOposs |

!‘II' Flow « 1hen the paterinl io uneoncolidntod rad io
oode up of plactic elay, thon duo to cebiom of vmter
tho elay otarto flovinge Thic typo of £lows cro not
gocn 4n this orens

Tho land plicos may bo ¢lpooifiod dopcding
upen tho thyroe foetoroc nonolye~ |

I. 7Typo of mmtorinl= thich moy bo codly roetk
fornntion bouldoy; rivoy (ravolc.
17+ Typo of roven-nt« vhothor Rho roveoent 4o Guo
to ¢0lly 0lifo Oy flous
I1T.aure of rovernent= Tho enuron oo Do Jeo,
vind s rivory plocindy ord rEon N 0Fe
Theco threo factors tohion into concidorction
givoo aloooifiontion of landolidose Toxpachi{1960)
hao ocorrcetly stotod ¥n phonomenon invelving such a
multitudo of conbingtion botvoon ratorinl cnld diptup~
bing cronto opens wnlinitod vistoo for tho clnopifis
sobion enthuninots The pesnlt of elpcoifie-tien dopéado
quito obviously on Cho olaroifioys opinjon yopording
tho rclntive Soportance of tho mopy 441Fforont aopoeto
of tho elaovificd phenoron®,
tecording to Goorro,Es Lodd(IE20) thoxo oro
four 2rin typos of slidoosw
) g flovne
ITs plopo rondjustront
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11Y. undor nmining of strata
Iv¢ gtructursl slide.

These above types are dependent upon the Lypa of
material involved. Thus loead lithology of the site « siids
playe an lmportant role in the couvses of lendslides«

The second clansification which Lo sdopted by
Pavid .y Varnes in Fekel (1088) pp .21 tgkes into conslfer~
ation two wain varighles- |

as Type of materisl
bs Type of xoverant

The classification proposed by him is given in
tabls Roe Gsle
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poeaription of landolides » Yt has boon notod by the
vritor th'at £l dmportont eft ies of Garhvol Moolryeo ond
Contro) Himnleyeo are oifuasted on the old lcadelide ¢f on
rivor torrecss in the river valleyos The rivey evooich ig
one of tho mpin cause of lané slides in tho prosent arocs
The rond to Dndrinath ond telerd fyon Joshiveth pavtos

ot placos throush old landclide zonmeg or through e¥relor
rerpin thial, vhich vhon disturbod 1.4 tho pngle of
ropoee is dioturbod, botoros nov fonon of lendolidor.

Prom the point of study the lemdnliden of this
aren hovo becn dividod into tuo groupe bosed on vhethor the
013de8 past hoo atheined otability or not. Thoco bty provps
Ore

1. Prehistopie slidon » 312 o1d major lenduiiles

vhich have telten place &n tho reolopiend poot
ars ineluded in this proune The siope of the
¥idod racson hovo ptipined stebilitye

ITérocent nlide gonop~ Tho 0lide sonos hno uot yot

| pttninod stobdlity snd tho coveronts aro cidll
talking placo frop time to tioo. Thopo 1l be
deplt in the méptox‘ﬁ oo ond they ore of current
sirnificcnes.

Tho prohistoriec lendslidos include the £olloving
prehiotorie oajor 1endolido conoc of the arcn cnd vill be donlt
in the folloving orders

1eRPrta) gongo lendolide zono = Notuoen Dolikuehd

end Helong noor Lanrod villeros

2+ Joshinath londs’ido poho.
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3« Pendukechuny londolifo sone.

4+ Tcpodon lmdplide sonoron Joghitnth |
Helaxd vools

6» Jolon londolido fonoe

Petol gonpo londolido zonet= Thic lendplifno bnd
tchen nploeo dn the dolonitie Yimestone of tho
Piptnllotd sopfose The ecourse of wiver Puteironga

hag ﬁocn chongod Quo to thio lendolifo. Tho rhete=
groph Toe 30 Plrtolta ghous the prosent pornitions

of T«fdchnendn and TePotol congne 4 gcologicnd plan
Fipe 5S4 chotn the precont vcﬁley of tho rivors

né@ the polstion of tho plidaed raop vith tho zocl: fope
rotion of the arns Tho poooidlo emuco coehn to bo
tho cction of gromd wator through tho licoelcnos Tho

" glip hoo probably talon placo olemg the bo ding pleme of

dolordtn 1lipvotono pnd tho undor cutting by tho NePatal
gengn oudt have further holpod in enucing tho olip.
Joohinath landslido zono » The tovnship of Jochinmath
s situnted on o old lendolido« Tho yoek typos involved
are nugon gnoioooo, blotito ochist. $ho 034 lendelide
pone cntondo for o dictanco of gbout 4 vile Pron voot
to oot +long the road oo ocon vwith rap Mos b4+ « Tho
aroo hevo obteincd tho onglo of roposo cnd CQmarnl
plapo s 25° to 30%. Tho photorravh Mos 26 plpteils
chows tho otaoble plope of thin arone

Coro problevs hove oriocon in ¢thip aren duo to tho
eonstinetion of nov ronds Thooe vill ho focerided of oft
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st o appropriacto nlpoos

Pondutachvay londolide oono - Pondoltoshvay &0 a
omall town sttuotod 13 pdlos from Joshimath Sovards
Bodringths The rocks nre quortzite vith intoseclated
Isyors of sehiots Tho valley beeonoo vide ot this
ploec vhich ean be omplained ensily on tho Bapio of
old mountatn clidos As ctudicd the slider corme to
be controlled by the dip plans pnd hueo bBlechs of
gquartodte rust hovo olddod plong tho $0lictisn plipne
n6 tho dip of the rocr 42 high { 46 6uo U CP T to
) pooulting in tho Ofndng o7 vivore The Copinaro
io foulty and 4t L5 nlong tho &ip oloposo. Tho avog
has atioined otobilitys

Tapobon londslide zono = Tho moin villapgos oituated
on this lendelide cro Topobeny Baroleon ond Tholte The
rond Jochimntb-linlord poascces through tho slided mptors
ial betvoon 8/6 rila to Tapobon 10/0 miloctens.
Thic slide hag boen narved ao Roupd Lendolido

by Holo cnd Conocer{1939) due to tho fnot that the gliw
de hpo 4Co osdgin oaot of the Haurd pate of 4CO0 zstors.

The Theull genga has been forgod to right sido
of tho vollcy nooy Topobeon, vhieh 4n cvident fyon tho
stoep vallo ot sight oddo of tho velloys Tho forcoing
of the rivopr tovards right 1o not eouoo? only duo to
the reaornl alipning of tho left nide of the velloy
slong tho mien.cravos folictionSlong.

Thio slido extonds froc villege of Dnyngoon
to Tapoben { o @igtenco of tud nilo)s Thin sliide
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- ean ho clro2ified ap otrueturel slide oo w0") o8
blogh glice ond come vortiecd cenyps oo ceon in
tho gouth castern port of tho slidos 4 sceticn
has beon €rawn o croes the walley noar 10/0 milew
gtono = [Mege os S5end 56,

The slops le 26° to 80° at proscent ond fdch
is steble slopo. Big boulders of gnoiccos rod quarte~
480 arc enbofdod in fine motrds of eloy en’ oruched
natorinl »

In the photogrevh Mos 32 pleto 20 o toiorpuler
8lcping vlshe whieh it carled (A) $9 peens Thiic probably
vae forming the fyoniol r_:i't of thip Tonoten lenfelido.
Pue to thio slice the river wrlley vno $117¢? thus
eoucin” ¢ demning of river. Thoe pivey €18 oot flov
thyourh 1ts oririnsl pnth but hed cet on o “renetic
gorco in the ples ochiet rng quarsite marle” (D) in
thoe photorsoph Mos33pletolo s

fvery intoposting fonture o bs noted (0 the photow
greph Powtaplate 0 40 the flnt topped lend r~ap thich
rust have been formed duu’ffovcrﬂw of vator i elden
tineos ?hia glided motorinl 4o portly boullop olay depo=
oitod duo to glacier cnd partly rocht bouldern vhich show
honvy incitu plterations Tdpe Vo35 phovs 1003ty nltorw
otion at 11=2 pilectones
Jolgn lcndslide sone «~ Tho next prehictovie 1&13(3&&9
gone ineludy Jelam (3070 nile) ond Jolom 4to00lfs studded
on tho olided rnsoe

The right headoide of R.ﬁhnumgcm;a velley 40 rode

S M am & M & M.  _We. .. e M e b A o e B mmadh sl e



inpitu veasthering of yockos Here the prohistorie
81440 gocns to be from the right hand sidos The
roclks gro quarts wios gneisces dipping at 70% due %e

The avidences of londslide sre found in
this aren coversd, ore dbending of R.thouligenra
ot right engle twite wihin o short ddetence md
rivey being forced toward left, M%x gravel
deposite on? pot holes are choerved alenp the
road wibh are atleast 1000 fout above the proe
sent river level. This proves hov old the
pre~historie sliide 4s in thic ploce »
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DiFrerent Type oF Rock Fawu

verlical Joi'n"s -

Homogemeous — mon homogeneous

Iomj(ecl Rock  — Obev\\dmg

Ovevbreak acje d’n&

blask fv ac)(\)r\'uq .

Fvost Wetlgim) m J'oi'h{'ﬂl

homo gemeovs Rock.




SLOPE FAILURE 1IN NON HOMO GENE oUs
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THE KUAR[ MOUNTAIN SUIDE

AFTER A. HEIM,

DHAUL]Y 6 DPOM BRAN
NE ' . 125617

INDIEX

Gy - GNEISS
M MICA SCHIST
Q - BVARTZITE

A - AMPHIROLITY

L. MARBLE

Mg = SLIDED SCREE

m .- Mogawe 9

FIGURE NO 55 9 = GRAVELYTERRA(

THE EPIGENETIC GQORGE Ov "V'iiy, LAMIAVULY GANGA

AS SEEN FROM THE EAST

3 DHAULT PHALLY N
EPIGENETIC ANC.couRsSE
GQoRGE {

% MS - M+ SLIDC

InDEX.
™M = MICASCHIST
Q = QUARTZITE
i A - AmMmpaiourTe
R m = MORAINE ¢
M A Q@ -

FIGURE W0 5-6
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CApPTER 6

Recont 1nnﬂaua¢ gono of ,ﬁ_’-" aron

'i'he .mmnﬁ londolide nones of the ares will bo
doceribod in this Choptors For tho ooke of olarity indie
vidual sono 111 bo doserided soparotoly wvithout any

binsed prouwping co to thelr gauce or natorsals

Tho wholo aron hrﬁa bocn dlvidod into soemes no

Is

Iang sl4de zonon botuvoeon Pipolleti ~felosns

11+ Tond 2l4dn ponap botvoon Holonp =fadvincthie
I1T4lond 01ido gonos botucen Joohinath » Mapnbund.

Te

Iand o0lido pones botuesn Pipollet! cnd Dolong.
Tho goeh ¢ypoo in thio oron aro &dlonitic
lincotoney platon quartzito wvith intorosinted

ehlorito peniod and orphibolito oill.

{1) Lend slide cono nony 15G/%7 nilegtenc bofrron

Pipniltoty ond Dolckuehi. Tho roclo avo limosteno
end thoy aro dipping ot on pnnlo 30° ¢o0 NE° Auo

£ 40° Ts Tho diroction of pivor Mlohnends 4
youghly I 66° D= § G6° Us

Thic sune 1icp botwoon teo tributarion of
Faflotmenda nonoly BeGorur Congo ond TePend Oods
Thoro tvo tributarios aro flouwing roughly paralinl
to coch athers Soopace of votor is ooen thyough
the joints in tho Unostonos o oldp ubﬁuﬁy
tolos placo along tho Joir plono vhish dip A6

Rt
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40° due 2 40 P due 20 the action of water. The al-ne
o7 valley 5i€c 16 about 43° and §g 4t=0olif 4n metshle
conditiom. A soction rowogs Lhe plver Miee Poe6l olown
the rcolovicrl end stiuctuzal condition of the adons

The rain sauses of land slides nre presgnce of
folloving mujor jointse

(1) ¢/ 038 Y

(11) 700/ T eoor:

{114)400/ § 4noT

The seepase of watex through the Jolntc &~ vewy
heavy on” mueh émage io dono due to the caving olcn the
joint plonos, The Iadividusl Ulicks zre iuc tofe ? pro
snd due to the high auple slope the blocks slife 4ote
The uncercutting by the ! sAlaknordn in yot -methsy frotor
pffocting the stpbility of tho crea, by rersving thr supmw
ort st the bace, reking the uprer blocke ursvpport~” from
Below or by e usinr the fiov of debil oun Ch» 83 of the
valloy 8ide.

The loncelide ¢on be couirolled by pigidiue puoper
dra!é@e feailities to cheoo the sscpag~ of twater o the
~uppor roaches and puﬁ&ng blocdi:s of eonorete o the Donk of
the river unio tho (ledd levol of the rivor to chna? the
undor cutting.

(2) landslide cone bBetween 157/6€ to 1G8/c milestone
This 45 an cetive sifde gonee The rochl axe Limgstone
end aalesriois slate ond these etc Righly Jolntcd @ nd

Jointe are closely omaced thus the zoels give on
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eppeoronco of highly oruchod matorinls Mp of ¢ho lice=
stono 40 45° fuo 8 40° T and Jeints aro
T 62 duo B lBe Y
7 eGP e T GO0 B
TIT 486° duo S 4O E
Tho rood diroetion at this place §o 11 60° T =
g B60¥ ts Thup ¢ho dip Lo cvay from tho ropd Bt the
Joint 620 Guo 1T 18% W %o wain eoune of olip oleng thin
plene s Tho photograph Moo 17 Plote Yol an? o cocticen
(Fige Tos62 ) drown acbooe tho rivor alckmcadn will
ghow the truo nanture of tho olip nonas
the procones of joint plano end cocpone of valor nnd
high slope nxo tho oatn cua‘fmn of thio Irndp?ifes ™2 to
the solution cheannols boing rodo 4a tho lin-stone rud hifh
nnglo Joint clopeo boing procont, ¢he poelrnpoes pro ovor-
l1nin by cnrlior 0lidod dobrice Theeo looco dobrir ¢ontinuo

. 4 .
to foll with nlightont digturbanec, ooy to the otrmhe vinde.

Tho problor of vater seopage Loy hovover, not co frnortant
in thia loenlity as tho hiph onglo of olopos
Tho somodial nopoureo vhieh ean bo tolin afe no
£011ovgm |
(1) Banchoo ean bo rode on tho uppor clopos Thio
vill bo n poed ond offcetivo mothod of contyel”
of 0140,
{41) A cheapor way of oolving tho problom is the
vonotruotion of shiall broost wallp ot diff~
oront hoights o0 ae to provont tho £nlling of
watorinl s This vill,; of aourso, bo not ne

PO A - P pros



{114) Tho nlope eaglo to Do sodueod to DO°
fron £L*s Thio 11 icply huge czponditurs Hud the
olip vill bo pernancnily oltppode

(3) Tho Ind olide gono noor 163/1 cileoteno~

This cono ortonds for pbout ¢ furlongs
Tho roels arc QolSnitic iimo ptono dipping of an rorlo
£6° duo I 1E°T ond thoy ave highly jointode Tho roftor
joint direction pyo - '

(1) 03° gue g GOV

(2} € quo 1 150 U

(3) €%° uo N 70° T

The roct dircetion 4o npprozimotoly 1 G © =
0 26° ¥« Tho olopo 1s nodo up of leoco vortherc” suid
ond crushod ontorinl » Tho photo o 10 Mato 1Y ohong
the otoop unper nlopo cnd froph ollp owrfocons Tho roeko
oxo foldedl and erushed duo to elocoly cpoeod jointos
The plops edove tho road 1o core than 46° but bolow tho
rond 4t Mmm gentlotey neaxly 50°. Duping tho reiny
sonson tho vetor scops inte tho loogo oodl end nlonc the
jointo dicpoleing tho coybonntor cad eroating gons In the
jointa and clong therco jeinto hupge Dlocko fulle This plidogis
n conbination of ctructural olide eond roch folle Tho olfpo
1s pentlor upuards, btut besonos otocpor Sovmmpd tovepdo
the ronde Tho eooult 4o thot oo tho rood £01l continuo tho
higher ond gentlor portion lorso thoiy ovpport oné boplin to
f611 downe A poction neroco tho leandolido cono {(Pice M0 .6%)



ond o ~hotegsadh llos 10 Plato 11 doniet tho vorlous
fonturoos |
he perofia) roanpuros no oan bt cuggosted fup
this zone ore go folloun.
1¢ Binco the fpnrrente continne to foll on
tho zord; o vire rosh oan by used to covor tha
entdse £01l sono oo ap to provent tho blocho
of 1irostono coning divoctkly ovor the Pond.
L« The plopo ohould bBo eut ot an anslo dogn
then 0%

11. Lond plide conoo betuvoen Holeng ond Badrincthe
ho rock typcs betuveon Holong ond Badringth ero nuicn
gnedso belomging to olider 1%‘otcmrphie porioos Thoeo
roelts aro hapd cnd eompoet but their highly Jointed
npturc ond intorenlation of biotito sehist~ loyoro
provido plenos of onsy rovaront of huge bloe%o of roola.
(1) Jhorbulp ook follcono = Thic mpjor xoel £51i -one
is noar 1€3/0 nilestono and cxtonds for o distones of
ono furlonge Thio yockr foll sone io opart or oub waldt of
nojor prohistoric lnnd€olide of Jochimath end this prodabe
1y rasko the vostorn boumdayy of the Joghicrnth slifteoones
Tho rocks of tho sono aro guarteldto end thoy ore hinly
lointad« The hure blogho of quartceito ero segting on g
slopo vhioh vevdoo fyon [6° o £0° chove tho road. Tolow
¢ho rond tho slope g vokying frem 30° Lo 607 ot dllfoyent
plecoss Along vith tho quarteitos vhich ave inpituy huge
blooks of gnoloooo ars olep cobodded in o rotriz of elay
and voolk Propnents. Thoeo rocho Bouldors Yhon dicturbed
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701l dotn ¢ ¢ho Por” . ho disturberco tay o duo to

corth ty-ror ov the roin roy woch fino matoriel theroby
redueing tho chonrdng foree betvoon the boulder end the
Dotsize Thoco bouldors bohavo 1iko uncmpostod guests

Muo to oarth ¢reroro on 27¢h June 10674 vhich vor Lolt

in oot of tho Minpdyn ond noythown Indiny tho ogtillddiw
brivo wmo diotupbod. Thore wao considorubdlo roch £all
netivity in Chio Zonos 4 buge ’wu:t&ér ento dovn o only
ovorturning o sond yollor working on tho ponde Tvo poroons
vore i1led (uo te ¢his opicodes Tho photosraph Noe B4
ploto 14 shovo tho rond roller ot tho plceo end tho bouldops
pogting on clopoe Thie problen oon Bo tnohled by Lissting
thevo big bouldows Inte emnlloy onos ond putting tisbor
opil:oo oh tho plopos o ao to choel tho roveromt of thoco
bouldorcs 4 cover of the logo ¢on pleo bo pravided %o the
gond « Tho Pige Hos 64 ond Pigs 65 chou plon onl coobion
aeross tho sond respectively, ohowving tho goyoral Lfontures
of tho tonos

s Jovhiocth lemdolide Zono 8 Fochirath do odtusted o o
hugh prehictoric lenmdslido{Choptor Oy pwés) vhich hod obtained
gtoblo olope [ovavoy, tho econotruction of tho ncr socdo

in thio port bovo eroctod cosxtaln frequent londolin cones
due to tho diotupbonec of notural mmglo of romno end the
asacpago of vetor throvsh nov cuttinpoe Tho probdlc of londw
plddo 4n thip ocar oy hovever not vory ocouty ond oo bo
toetled by providing cuitoble bonchor end offeetivo drainagos
pPropor cheinclinntion of vator ot vepdous lovels vill choolr



nony olipoe |

Tho wator coving fren the urper port of tho olide
zone oon bo colleetod into n hig poscorvoir cnd then 4t
con be used for pmexmns sleotdicitys Botouno £ooB roBoI™
vofr 4t con bo tcken to tho lover lovel by pipcs o
turbinos ecn Be driven with thio foree of watov.

The Phefofiraph 1020 Plate 16 choun ¢he slenc of
Jorhinnth ond alcr tho vor@ 80 ccche

(3) Immdplido zone noar 9/2 vilooteno from Joohir-ih-

The youd has becn eonnﬁrimmﬂ in o @ipcetion
povans thoe obrilo of Che formntiony ozeopt o very crold
rortion whore 4t 4o parnllol te tho ctribe. Tho ool
in the pegl 0 avo quert: paolscos vith intorenicticns of
Bictite oehlot Alpring of an onple 40° édvo 0T 30° e The
plepo townrlo tho vood $p o Gip olepos Thoe poclic pto vell
Sointod end Cho bodding joints aro opceiplly woll Jcvolopeds

The blocho of guartzito and gmeloves chip cicng
tho folstica pleno bocnnso of the romovsl of Jatozel cuppe
ort during tho yond eutting. The slope betero otrdlo vhen
tho unsupportcq olob coto dotms Tho photoprnth Uoe 77 ond 03
Plato 16 pisvg tho foliatiom plano vhieh e dovelC of any
‘poterinl duy to fyorh olidoe Thio type of oldlo rey bo
cpilod otreeturpl 0lidee A plan oF the ofon cfd ~ noction
$o0 givon in Fige Tos 6.6, |

e doct vay iote plon the rond oliganent In oush
o voy co that the rond doos not run porallel to tho otriko
of tho fornptiono; but oroe of on onclo to the stplln oy
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yuns perons ¢ho otrilios Dven nov tho problen erontcd
con bo colveld Ly rook bolting or by repovol of pll
unaupported dloske.

{4) Covind Caot 3omd 0llp sone « A frodh olip In dich
about 60 Pect portion of ool wao mmi otly voohel puay took
placo near Govind Chat nt 11/0 nfleotonss The slip ovcupped
in 09th Juno 19G7 at 11 A4's Quo to honvy roing dn the
orens About 10O foot woot of the slip there 4o o nollph
and a8 gsuso vsy hoo boon provideds Lut duo to heoevy toine
tho vator atortod floving on tho yorde Borpago of watery
tool p‘iam froo the road cide rnd throurh n ceoopor oade

en tho road ncar the nlace of olioping. Tho wntep rofivecd the !
cohonsivo otroncth of tho mutorisl and thus ¢ &) foct '{?,msa \\? :*
gteech of ¥0-¢ tno vechod dowme Thio eouoed o troafflc dip- a §
locntion for threo dayse 3 ',
The plan of tho nroa 1o shoun in Pige Mo« 67 end from §
tho plon tho ottion of ustoy boeotos rove clects g

Thin £ype of olipn are uwnnovnl ond ogousd c:*:fatmﬁcnaily;
Tho only retody for sweh slipo oo in the pyopor Cositn
of tho oousoveys The esusovny ohoudd do oo no te poseit the
mexioun vator flowv ot ono tive. Foy thio 4t 4o ncoonosry to
havo o propor curvey cnd estinnto of tho ¢atehmont noog of
tho nolleh onfl pedn fell frequency ohoudl bo predetosnined,

(5) Henumpon Chottd lendolido cone = Henumgn Chottd io
pitunted nt 80/0 wilestono fyom Joohinath on Dadrinalh
routos Thin oroo precents o constent clip problen ond in
tho bogining rliropt vith tho firet covent of goin tho voehs
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'/ wore nefe uncervicchio cnd ot ploce ovonm tho vholo olpateh

hod oldppeds

e o~ peocos thyourh o glredal dopoods fer a
giotrnoe of 1 /2 milos Tho eatevind S8 hetregoneous
eoncloting of big boulders of granite s quartsife ond gnedm
open ploaz vith emall povbles snd fino oloy . Tho oripgin
of this mnatepinl Lo Que to placiar cnd alro Auvo €0 old lend
plidone

Procont rond Ran thyeo logp all $s this nctoriel
ond o rico of 201 feet« hno boon attoined by proviiing
three Bondo ond then tho rond bas boon eut in poe™ Jotwinfions
videh sro Qipping bt on cnnlo 458% due 17 40° T Two g:i“za&w-;
geophs Nos 3 nlgbe 27 pnd photograph Mo 28 plata 10 oloarw
1y ohous tho pocition of thyoe 10foe and tho hovisoninl
Qistnneo bBotveen Shroe legse The photogvoph Dos 83 ninte 17
phowo o compooito pieturo of tho whnlo apras In thisn the
rond 3n pock forpcflon 4p niso chetme Tho river onuroe 4o
phovn in plon Mps Toe68 o« Tho 1efd hend olfo ©° e volley
1g plpost verticnl. “he onglo of ponono thieh vas Mlcined
by 014 gloediny coraine depopit hno bocn 4obusrbod 17 plopo
vorioo frem plpeo to plece but gemernl slopo ¢nm be Lohen
0o 46° ¢o 6E° But pt placos cven GO° olopo 4o proneate
L coction plonp tho ling marliod A«8e 48 shorn 4n Mipe69,
on o otale 17 2 GO focts

Thoro oro two valn eausos of Iendslide dn thip
aron s |

) mver:}:lm = gince the rivor ie tohing o turn

ond 4n ¢atting ot dto outoy mopping thue rovoving



02

1nternl support from the too of the slide.

2+ Rofin untor seepr inte tho looso materinl mﬂ'
rofucee the choprirg strenpth end aloo !.ncmm:e the
vure vater progoures Duo to the flev of wnter gullics
nyo formeds Thone gullies ore wall gsoen in photogynih
Pos 30 ploto 22+ The horisontal dictoneo botuoen ho
two lore is very toell ot ploces nocply 00 fect ¢$hee 4f
“onio n:st" tho Ioz 0ldpn the other Lo in aled Clrurbsfs

Provontivo copcuros - it procent tho provo €U0 oo hpon
tobon are eonctpuction of rotaining wnlle ond beeort
wnlls ap soen in photogronh o« 20 platoI3® Tut pioan
tho foundetion of thooe yetaining wndls arnf dycaot wolle
are¢ ples on thio matorial cnd ohien the curfres of [uslure
19 doopy tho uhole rpoo nlips to=cothop 8D the xébninian
vnllss
Pifforont wayo cnd reanp £ay be gugpootod for tho
8¢adility of thin foportcent socdy et batworn Sodsin-th
tnd Joghinaths
Thore aro tvo coin quoastion erisost~
(1) thothor the procent pond cheuld bo mofdeined
-ond seeo pentures of 460 otabilACy olenll B
voeds
{£) hothep the procont alicanesd of good ofimid
Do dloenrded rnd o aow pond ot 4ifferssy
niicnmont should bo conctruatods
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Fer tho pyroent olimeont o bo opdo ote¥n the
. folloving preventive oacurs con bo curpoctod e

y _
/;{7 (1) proper droinage should bo provided for
/ /// tho roin wotops This ¢on be Gono by rohing
l.' ‘maotey ghonnolos and sovoral soosndory

chennolo to nilow all tho swices voter
to run thyrouph thaco mnd also by putting
korizontol porforatod pipos throurh ¢his
naterials

{11) Clope shonld Bo rede gentlor and benehon gheuld
e congtructed 1.0 rotaining woello i Byeacts
valldo chouldd bo constructod in step vico fashions.

(111) Tivor orerien should bo eontrolicd by sutting
eomerote bloeks on the loft homd pide of tho
vniloya

- {400y oproecdine aopholt orop the o3y o fhgon o
a0 tho gegpege of wator 4o otoppods Thin will
i1l bo ono of the uceful nothod 4n thds oreas

A volleetive nee of pll thers methed tan mﬂrﬂtﬂy
b odlc %o stop the lgndolipsce The cltomntive clipsronts
aye not found cultndle fuo to constyuctional QifCic2ties
oné thely hoavy coct. |

111, Londslidos dotvoen Joohimath and Bhopling e

Botuecn Jorajnoth and Dhophund the fivot l-ntplido
gono 4o pot o 10/2 tilontono.
(1) Ionéoldp sono noar 10/0 nilostene e
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Tho rocks ore bouller clay concisting of
erushed quartzitey engulor graine of gnolssos
and quartzites Tue to intence aetivily of
grounduator the rocka have boon vestheved
to a large citent ra-aui&ing te fine grainoed
sandy £011s This send 46 boing quarsied foy
the uce in vond construedion. Tho onpglo of
slopo 4o about 40° to 40° wilsh do quite
unstoblo clomes Olurrs tolie picce due Co
Yo0so chorocter of sord oud lubriection ol
internnl slip surfascs during roing.

(2) Lendoldp zone nesr 31/2 silestonome Tho
materinl is »lmm el vhich is rnfe un of
angulny frecmentnc of querxtoito, end gnoicooss
T™hoe ollpo fLs 20° at the ulper sife of the
yoot ond pore ¢han £6° belov the vocd lovols

| flenr o dry nplish rodled {a) in tho

plon of thio aron Ti8e Noeblobwd pornonc dled
'ém to 81ido of the roterinle They were toried
a¥dvo, tho ause of slide var roroval of lntoral
stupnort « |

Renr 11/2 milostomo the tress on tho
lowr side of road are bendise end the “hodo fos -
24 plate Mo 1 alonyly chovn (ho Sree L4afne
7hace troce indleate that thoe tovoroent hnd slovly
tphon plove in the recont poet and oight be teken
plese even furing the procent tites

The yemoind momoures which eon ho ndopted
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in both the phove glipsones tay includcte

o« Construoction of benchen and Duno, hoth
tounrds the retaining olopos no mzi af
broast slopogs

Ps Slopo ghovld beo nofe pentliovs

g+ Doforestation should do chodlted Brecuss
tho roots of trees ave one of tho pood r~ronts
of birding nd they oled stop tho ror-wel of

poilas Mie Yo Deforontoticn infiltorution of

wnter 40 Core thuo ¢conoing o incyonce §4 poso
mbor progruyre.

In tho camo cron ¢ fov hindsed Toydo
owny £ron this pleco yPesmation of ool ooRo
aleng the road Mo to vind Lo econ. The Slnep
toterial fpllo due to vdnd ané foim o ecne
photaraph ilos 35 pleto £1« ™io retuslly provop
tho uneonsolidated noturo of the eoil vith g
pocy cobosion,

The cbove olido may Lo ealled clup
oenfl the gurface of moverent i1l ho g purve ourfuce
controlled by tho bed yooks
Londelide sono ot 14/8 oile acar Rend village =
“ho re.chn pre pnolesos cnd biotito pohfng with
ropndbolite 0ill end dip 4o 40° duo e The
olgbs of the gnoiloses aro about 19 one {hiclk
end bodding joints aro voll develened. 5ho
yond 1p yunning in o dipecticn amweoitiloly  wont
porallel to the otrile f.0e sovth eppt ~ north
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and thus the road sutting hno left o {ror Lrce

to tho slopos The lotoral supports in reroved
Gue to rond eutting thup eagusing the "b&eclw to
plide on tho ronds Thiz siide con b teymold an
ptractural aiido pnd tokop ploco nlong tho folie
gtion plongs Photogzaph Mo 36 Plote Hos 00 ad

g gostion Tise Toa6-2 ptovs the opin peolorisnsl
fonturas offocting thoe alide.

Landgife Sone at 16/7 oiloetone &~ At Y10/7 rile-
stone bofore vilinge of Lata the rocd Lo out inte
roclk forpations. The rools ore Lioti¢o queylin pneleses
oiid quartezits dipping ot anige OB Guo 1T 220 .

They cye highly jointed end rcancuyoo jointp oyo:

1) &6° fue 5 6C° U »

(41) G3° auo U7

{181 WWertical Joint styilto Bm

Tho Qlpection of rond 4s BV,

“hus tho vertiesl Joint fo hoviag 0o ctrilo
puspllel to the oalde« These are goping joinls and
o Inuge blodhk: is pdnost seporgted fyop tho roin vass
of voeiks The poek o3l toltos pleco olcnr haro verti=
sl joint. Thore seitien aoroop tho FIver "7 e Noe613
cnd photogrsph 1o« OF plee £ ¢learldy casvys the
govclcpieal oconditionse The photogrsph alsy chowe
tho Coy of tho joints

The only reredy ot this plzeo 1o tho rild
dlopting of thiy tupe bdloek ao that Che otlar porticns
ars not shattored by the blestings



4t 14/4 rilootone the vortieal joint otrilw
ing H.80° 0w 5 20 9 10 very neaninent » The
pond direction Lp oxpctly porallel to tho strike
of the jolnt 1.« the conditions are sindlar
to thoso no Geoerided sboves Bence siniler rooe
dinly papoures noy be edoptod.

{6) landelicdo sone ot 18/ milostono =~ Thn socks are
aunsts niespmodins vith intorenlotod bon"s of dlotite
sthiste Tho roe!s avre hikhiy Jointed ) chenred.
The Gip ef fodiotien pleno is NCO GQuo U 3:ﬁ B
IInjor joints nroe~
ie T4° Guo & GG F
Li+ Yortiend joint sioira et
411.80° dus U GOO U
$00 CO° AU W S T
ve 40% duo 37 Q00 ¥

Tho jeinto hove niven rise to bleeln ond
thore blocke fall from the voelr forrrtinng on
the ropte

Pue to dlpeting thoge joints boestn poning
end bloels ¢ xoch ore lsosencd theyoby Chey fall
duo to ZAight trecors, oven Guo to the rovewsst
of heavy vehielens Vhon hurs dlocla of paeho
§0ll dovn, tho prosd oannot door the foprel and a
portion of tho 2044 fnlils dowm tagother vith the
follonnd biockss
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The preventive wepsuyes vhich ¢an de guggested

1e ™he blosting charge used should e of
rnferets stvensth so thot the Joints are
not videneds

b J
'

Ovrrhanging lodges shnuld be raroced.

S« The slope below the soad shoull Le mafe
geatlery oF bLancheo 4 WuRe Lo gonstavsieds
™hic will sunrort the voad gtieest Supdil:

ninor voek fallg.



- 84

SecTion ACROSS R. ALAKNANDA

AT 156/7 MILE sTomeE BeTween

R GaRvR GANGA ANDP R PANIGAD

Rocks LiIME sSTomE

525 °E
Nasesw

J oi1Nrs

F16. No . 61
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SECTION ACROSS RALAKRNANDA

NT 157/.7 MILE sTow,

Rocwk - LiIme sTYowe e 457 N Mo

N 320"

& ALAkNanDA

6')"/
l 65/

N 1‘60.

JoiINTSs

N 395’
N 6o

Rig. Mo 69 me 45/ N
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the soveral landelide zonos cecurying in the proa
have alroady beon Geseribod in tho provicun tuo efmmm
- n eloso exeminetiony it will bo rovenlod that the
londslides oon -mminit;nﬁly bo grownod into to noin cateo~
gerion. In the fipot estagory, thooo landolidos esn bo
tokon vhieh oseur in tho concelidatod roche and i the
nocond eatnzozy those vhiech occur in tho unconsolidatod
ond looso vodkna

ng olidos of tho eonpoltdntod rocls ¢

The lond riidos which toko ploce in the eoncolianted
rockts nyo eontyollod mninly by tho otymucturnl fostuyoac ond
to g small ontont by the lithology of ¢tho rochs. Tho offooct
of strustusco ¢ particulorly the joimts dipping tounrds the
rond ot high ongles (moro than 456°), ean bo scon throughout
the area« The importont loealitico ore tho Bolchuchi land
slidos { 14des 187/ to 180/4 ) and lnta londolidos (M3lo 18/0).
6t sopo ploeos otooply dipping olyotay are sleo foyming
londolido 2onosys poarticularly vhoyo the Qip olopos faeo to-
warde tho rondy the toeds aro pargllo) o otriko opd the
dips oro highe« A wory good ozamplo of ouch landnlidos nxe
soen noor Mile /2 botveon Joshinsth onft BadrincOha

theyo noy such structural olides ave ectmen in tho

102
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eongolidatod rocks on ene hend, lendolidos dup to bloel
§l1ido ond yoek £a)ls aro nico quito sooren on tho othows
Tho rock folls usually teke place ot loenlitioss vhore
three or 2org than £haoo sets of jointo nre prosont in

the rocks dividing tho roeke Into omell bloohes Nove

slose tho spncing in botuvoen the jointsy groater age ﬁha‘
thaneoo of vook Falloe At ouch pleges groot dovnte 1o
dono duo to the highor ehorpe of Mlesting hoing erployed,
yith tho rooult thot tho romidunl otresces in the Socks
oeoummlatos A8 a rosvit tho bloshe of ma’;:a' foll ¢onti=
nunlly on tho roed ovean affor covoral doyo hove lonoed
aftor the bplstinge Tho vibrations oven duo to roforatoly
gtrong vindo ecuro such blogks to £all dotme A0 irportent
sign to cnoupe cuch o 1end slddo gone 1o the umuoual vidom
ing of gapo botwoon the Jointo, during bBlootinge Innd olides
due 2o roe falls are aleo ctructurnlly controllced.

Lithology rlayo a significent role 3n tho land «184e
phenorona g olthough in iteelf the litholopy 40 not dociosvo
eontyels #11 othor thinse boing oqualy 3t wap found thot thoe
anglo of reposo in sehiots, nlatoo, limoptonts ond quartzites
avce gradunlly higher. Thus lovor englos of dip of Loliantion,
‘baaaiﬁg or joints ean ennee lnndplidos in glinton, occhisto
ond o stonoss porticularly duping the goiny corgony vhon
the bedding plonos aro ooglod uvith vator pofueins She
shoaring rosiotrnec to conpideradlo amountns Sho formation
of solution covitics mmd chonnels in limoptemo crontos
enunorable pyrodlems of lend slide ot eon bo poon 4n thip avon
betvoen Pipolikoti snd Holonze
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Thero sre sovoral places 4n the areay vhors the
oxposures of consolidntod rocks oro not gvpileblos Theso
ore usunlly buried under a covor of unconsolidoted yooks,
fue to the lavge land ndidos, glocini dopocito avnloneho
dobris, river gravelo, rooidunl podl covors or taluo
ané seyoe dopositae Ploid fdontifiention of tho matorial
ofton brings out tho 440n rogarding the eriping Gonth
end tho typo of povornont vwhieh Lo likoly to toke plneo
in oueh domvoitos The flov foy hovovery tho poot izpor=
tont typo of movoront in such plecony paxtieulnrly vhon
tho finor popticlos nro moyo obmadmt s Tho zoeh L0 troro
or looo gonfined to puch wogionp,; thore the yeroval of the
datoral or bpoal oupport is on irportont couco of Cho lond
slidos Tho unconcoli ated motorials eon bo idontificd 4in
tho fiold on tho bacis of folldwing chapactors gecogiatod B
vith opch of thomem

(o) Prohistorie londolidos - Pre~histovic 1rnd
oltdop enn bo idomtified by the loypo suffaco aros covored
by looso motorialo, angular ¢o subangulne ook bovldors
cosoelatod vith fing co1l cnd thick vogobotions Tho ovie
dencon of pro-hdntoric dooming ot" rdvorp ap soon in puddon
videning of the rivoy and rivor torracos bBofoye cueh mabopi=
. nlos tho prosineo of opigonotio porgo ond oloblo olopos agro
othor Indiecticns vhich night bo moooedntod vith peo~higtoric
land olddoss Tho rock Lypos nosoooarily Molong to tho semo
aven, although thoo oro no moye in oitus



| on = Glnelnl mowpines oon bo
fdentificd by thu pmﬁmeu of unnncortod; oud onpalng

to guberomnded rook grarmontsy mostly foroicn to Ch2 avon
rizod un with omnly end pritty colle Thooo prowtnlly
procont ot tho mouths of the tribdutory walloyo {tormingl
morains) or im betuvoen the gonflucnecs (moflnl mmiima}g
Tho fdontifiention of tho latarol morninos 4o, hovovory

a bit aiffieult« Tho prosonco of otrintions i not novow
sonky s nlthoushk thoy aro eonelusive pieofs of tho (loeial
opicins Tho plopes ey or oy not havo otiafnod otchis
14ty cnd vegclotion 1o vouslly oCarcos Tho cwidencor of
rivor dorving micht bo procent in %:Ma cngne $00s

() Zouldor=Clay Gopopitow Thoro aro clcd nocow

clobed vith tho glaciorns In thio enoo, hovbvory (he finer
matorinls oro cuch oo promincat Chon in tho glocind
porainoss The bowlder olays are umually vhito  ofoonler,
vith vory 188810 plnotiedty and laggo ooount of cewde Tho
madn conotitucnts of ownd aye eoarsa greinod, subepngular
to sub-rowndcs quarte frainoge

(@) Iiuvio-plneiol dopopito = Thore doposdto eon bo
aonti£408 partly by the prosonec of tho showoetors of
rorainen (1ntoral rornines, poarticulssly) on€ paetly by thob
of tho gpoundedy rives gravols ond gonds T¢ 4o ecoron to
f4nd tﬁc Gopenito Guo R0 yiver end plociors shouinn aloay
gazpreotionsy Tho bouldors plso phov o tondoney to dovolon
grodod boddingoy although the hotovopcneousn charaet amaa-»
oinatots
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(o) R&vo&gwmza ond COFPaCon » fhoco chot toll

counded pobbdlos ard bowldors dopenitcd ovor tho poslr fope
rationoe Tho praded bolding ore v0l1l developcd ond copotinon
tha current Roddinge oro nles sorn 0 pand ond gravelos
At timoo moro thon ono pot of those dopooits oy bo soen
ot difforent Jovols showdng thoe river toxracon, in o nlop
1ikte fachion. The netivity of the yivors ¢en nloo boe gcon
in tho pyoocace of pot.e holony poliichod ocurfreos ond
proofs of thirling nction of river wotor ot hoight of poro
then 800 £oot obovo ¢he progont wvator lowvole Tho réver
grovole ape dictinetly broupht fron lorpe Gloterncos ond thoy
oyo usunlly quorteitos,; limostonos, olotos cnd oves foosilie
foroup linontono ef unnistohablo Yothys IMroleoyon offindtions
(f) svoloneo Dobrio = avelonche éobric ern bo
fdcntificst by tho préscmé ef hugo Pouldors s tony o Shen
gevoral foct in lonnth ond Brondthy occurring vithout any
arrangeoont hotoreveryond proting oo ovor othor In
Juptwoepooitions Tho reoult 4o thot 1f ono Bouldoyr io
a1oturbad peny of them bocono vntlablos ?m:m nexvdde Capo
of gll nhaﬁvn botvoen the bouldorss Uoually tho gvalrncho
dobric ayo 06'n in naprov valloyn with onov indon posbteo
obovos The pomtoin freo stondo prominontly as vortienl

georpoy vith nonrly polishod cupfoeo havinge vogtionl kmsb
on §t» It 40 hovowop; not Bceconery 0 hovo tho porhes
vith porenniol cnove Thoco loenlitdos Cron ¢hore (ho @v'
1%no hao zoqodod » such occuryoneo of dobrio denoto tho
pro~hictorie avalancho netiviticn in Cho akcae



(¢) Zolus rpd ferao fopondto =~  fhoco Goreoito
do not noed ony commenty oo thosod oo roodily idcatifiod
in thoe £40ld.

Caugen of Lond glides

Ay

OGravity 4o tho rost fundamental esuso of tho
iond olides Bowovors provity €oot not boooro oporg
tive unloros tho ethoplivo forens in tho rockoy intope
nal £yiction or shoaring roolstonco aye ovOraoncs “irtor
i on oportont agont whilch rofucosn ¢ho eohoslion or
tho chearing renistargo cod thet io why lendolidos
bocomo yord hasayds duping tho roiny sopoonos Uotop
2oy be cocktod through tho poro opascsy jointng frooturos
cnd bedding plonos in tho yocht ond €aucd Cho dabrros
I'cmoval of intorel svprorto by sléo cutting op tho
undor cutting by tho .ccamgmal nrente 1ilko rivors ond
windy oro nloo tho ioporiont cnucocs iteyanl foreos
1ilo tho enrthguckoy avalonco, cndden wolting of plee
- clorc gquoing o guching flov of wotor ond £rsot=wodping
nro the foetorn whdeh ope by no nopms oonller enunoo
end Qo onbtencivo éomoso. Tho gyountntor 4o oloo ono of
the importont agont to eouse lmdslideo by vay of moling
golution eovition cnd chemnolo 4n chonfenlly owoeoniiblo
gockp and {hoo yoroving the mppeéims Copilliney action,
$ho looo of cohesien cnd tho lubpiection of plency -
ourfoces nro wivorsnl cotivitios of tho gcrounduntos s
porticulnrly in the porrconblo and w01l boddod or voll
jointod formptiono.
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Tho Intupnl zaple of Toposo m

Londolidosy olips or £lovs nvo natugnl geolioplent
phononona anf thoy gontinus Yo toko placo €131 geauire
tho notural anglo of roposey vhen tho grovitetionsl foreoo
p¥ro Baleneed by the shaony maﬁaﬁmmﬁ I¢ o ayyp cleon
aond or gravol io poured earofully ond without iopoot on
tho corth oupfneoy it vill form o pilos Tho olopo tho
pile mokop vath tho horizontsl ground cusfaco "mabial slopot
10 ¢nllod rmolo of repocde In mammimcitoa ypoeltn Chde 40
acquired by tho eontinuction of glurps snd £low. Jho glucy
teltos placc in stop ond thoy form little torseeen gdving
rioo to the dooired ecnplo of Topocos Tho cﬂé?;o of ropono
of noneohonivo coilo, varioo sccording to tho chapos ond
gending of tho eonptituents and tho denoity of poctinge
T™ho grogtor tho denclity of pneting crontor i1 Bo tho
angle of gopoce. Tho hodcht of tho clopo oles pleoyo on
$ole bt Lo of pinor cignificoncos | ,

In cohoolidated pool fosmotdon, ¢hd cnglo of

ropooo io ofthor tho @ip ef tho forpation thea tho dip
io looz then ¢B° othervico tho oepoo 'a‘nﬂ ovorlying zoel
frocnento continuo to colleot ot the dnse of tho clope
on@ glowly cequine ongle of roponcs Tho onglo of ropose
in of grontor irpertonee in tho coco of wneonocelidrtod
formotion than thet In tho compolidetod yoekoe Ecentro
as earlicr diosupsod tho connolidnicd vocl: fcimatwm
o0lido €ue So structural veokmoocon cné wmceacolidetod
onog Quo to the engle of ropooo ond looone naturo of naterinls
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Ono of ¢he mgin ¢auco of lmd clido 4n the roche

. tvhich hove ottainod stadility 40 tho none The matupsl
enpglo of yopoce 4o digtusbod by sutting voad thorehy
rovoving latoral ouppert. The conptyuctien activitioe
in the uneoncolidutod rogions 4o ono of the noin amm;
of lanfplidoos Tho congtyuction of depo ond roservoir
in hiils olgo loode to s1ide in tho adjacont drons e tho
~ ugtor soopo in tho affeoent otyata thoroby sousing o
roduetion in fyietion batwoen tho porticlop.

homefiial Pogoures

Sevoral vomodiol ond procovticnary wogsoures Dove boen
puggentod in Chaptor € in coancotions vith Che olides doom
aridbod thegalne A disencolan on Chooe negsupen noy B0 pro=
fitoble gt this plocos |

1» %Theo eonptruotion of thy donchoo pad buas holpe

in Cud woys.e

ns The tatoria) folling feom tho slopo 4o stoppod
ot bench ond 4t dooce mot bBloel tho ¢xoaffic
povement ¢n tho roads

 TY In duo eourss the angla of yoposo vill
bo: attained due to necumulstion of vntorlal
on boneheo s

‘2e - Totoining wnllc ond broast wnile oro eopotruectod
an tho valley oido ond fovmation sido Foppoctivolye
e bronot voll and petalining t0ll provido the
ouppert to tho too of the plidos Dut tho wllo
ohould ®o of modorato hoimt end renornlily
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oponlting should nat bo gore than 4 Loot pbovo
groumds Thoy should bo placod vhoro cvor pocnible
on tho firm yock but &f the dopth of £lidod nat—
erfal 4o grests the walle son bo construsted in
stops or supported by pilene

(3 TRiver teaining 45 ¢nPricd out to chook tho outbing
actlon of rivore Tho river outting netion g
mordmun ot the outor side vhoze tho rivoy Schos
o tura ao in the cano of Henupnn chottie At such
loealition sonercto blodko shonld bo placed oo
the £leod Yovel vuproxtod by pilopp bolto or on
yoc: foundntions. Theor concrota blocko vAll chook
the honk erosion ond thusy tho wntoyr cubting by
rivor w11l b controllod.

(4) 3 propor arrompenent of deainago 4o inportant
for tho control sub-surfaco toator as woll oo
for the ourfaee wotore Channols egn bo provided
for tho gain vater ond thege channols chould bHo
naid up of coment ond nophalt conting chould Lo
providod for tho provention of soopnpos Top
tho eontyol of oubmourfueo wotoy porforgtod
pipoc horizontal or inclinod tewaréo tho olopo
may bde put in tho uneoncolidotod motorinle Thopo
1311 ohoot the yico of pore wtor Prooouroe

{6) Tho oupfpco of tho wnoonsolidatod matopicl moy
bo oprinlticd with nophalt vhieh w1l ultimatoly
pefiueon the poreolation of radn wator fato éiw
purfocos Thie con be cuseensfully usod in tho
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In tho ¢ose of uncortoed matordinl vhore Dig ond
ponll boulders ocour togethoy the conoat petmting
might bo found oucecssful go thio vill provido
the binding satorinl botwvorn thoe frafpento.

Timbor opiles may woll be placed on tho slopos
vhich will oheelr tho movemont of tho boulderns

The hlosting of tho boulderp in zonas of rogh
211 411 holp in chociing tho coveneat of tho
bouldors end will gloc holp in ocolidnp the olopo
engle equal to onglo of roposoe Dut o proecution
vhich should bo tolten inte conpidoration 1o the
use of dDlasting chargoe Hoavy ehorgos chould

not by usode

In placos whowo tho omall bouldors and fenguonic
full Guo to the potion of vind ond eotth SEOTITe,
the viro woph of propor aize ¢ bo plocole ﬁaﬁa
vill oovo thy roed from dennno and rend will bo
mafic opfo from the point of viow of traffic. i
piaecn wvendon logo ¢an nloo B provided to givo

a eovoy €o tho yools 0 no to choek tho £all of
rock Ceasoents on the ropde

In tho onoe of @in nlopos vaowe bhuro olabo
giip alonn the folintion plono, rook bolting
oan bo doncs But 4t 4o coptly rothed and itn
opnileption yequisos n opociclised techniepn)
Imovlodnos ?homt‘om this pothod han not boen
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pugceotof ot o nompl coured of remodind
moncuses « Howovey, this nay provo 0 Do eptro=
noly offectivoe

It must bo pointed out hopo, that nll tho
mothods suggestod gbowo pro of gonoynl noturcs
that thould by the exnet opecifionticns of wurdous
poppures oY that moagures schould petunlly to
ndoptod Sopondp wpon thoe astual conditionn ot the
pito ond econdmien of tho yemo@lipl mepourens In
reny easdss the pooting of o rosew and elopting
sqund Toy prove to be roro osonopieni im the long
runy vhore ap in rome others o realignzent of the
rogd nny bo profitablo.
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CHAPTER 8

SUHBNARY

The sroo Letveon Plpnlloti~ Badringth and
foohinoth - Blirphund hog boen otudiod slong tho roonds
The vork vno cmri*&m& out vith n viov to otuly tho
1and@nlide conos in thic arons Tho cetion of Gigfoncnt
goolopricrl pocnedan ennoing tho lendnlides hop rirp
beon otudicds Tho elicatle verintions, rolo Intinnlly
and thoir offeot on the 61idos voro notods |

The rocks of tho progent nron pn;n:ar' %o two
difforent sordes nemely the Oldor P'otororphie fordes
ond Pipalketd Sortene Tho vocko of Oldor Motemesnhie
Sories havo hemji thrustod ovor tho rocks of Pipallzoti
coyiogs Tho roctn of tho Oldor Notororrhie Sexies
corprioe of the pugon gnelorcosy quorts nien gnolroy
chlorito oehist and blotito pebist vith thin bondp of
potblos The yookp of the Pipalkotl Sordos include dolow
mitio limootonoy guartsito, slnto ond fou bondo of
chlorito ocadoct« 6Binco tho yoekr typos of tho tvo sorbe
aro vootly difforont p thoy hovo fiven rigo o diffoyont
fnetorn eousing lohdsliden. Tho thrust sopovating tho
tve sorics hap boon tokon as o thyust cono onioting
botveon Holonn end Gulathotis
| Yho roclio of Pipolkotd ooyico bavo beon foldod

inte nindy oynelinoc ond antlelinoo and thoy aro paet
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of o najor cntieclinopiums They havo boom jolinted mmd
froecturod $0 o grootor oxtend mnd thono joints So
- lareo meh& have boon found rognonpible foy tho siidoos
- The roclts of older notemorphic oopios syo Odrplo dipping

bodns Thoy hovoe bocn affected by onall cenlo folding
and foultings Thoy oro aﬁmlniakxy jointod ond cInogds
ally the vortienl jointe hovo boen found rogponoiblo fop
the couse of rock Loll in &iffoyent ayonne Theceo jJoints
arc clossly opoesd ocnd hevo givon zioe to bloeko tHieh
£0ll on tho vopd fuo Lo blosting and caorthauske Lriooros

For otudylng tho landalidos nnf fop edtaining
n bottor idoo obout Cho typo of lemdelido o bricf Joow
eription of tho typlonl iondnlido ceonos of tho oren has
boen given 4o the Chaptor 8 end G« ©n tho banio ¢7 otpe
bility of the olopesy the londslido zenos hrvo boca proup=
od in tupt

1« Pechioctoric lendslido

2s Rooont olido comos

che peehiotoric lendslidos havo boon otudlel 4n
Cheptoer B to civo o BDottor pieturo for tho mdorotonding
of tho epunco of pronent dny olidoos |

In tho Choptor @ tho roscat lendelido seano havo
boen Qonlt vmdor throc hoadse

1. Lemaolido zomo bobwoon Pipalletl ond Colong

2e¢ Inndolddo zeno botuoon Kolong cad Bﬁm.s:ﬁh

3« Londolido cono botuwoon fochimath cnd® t:zmmmﬁ
| Thoco gyoupe havo boch mndo for ﬂiamaﬁﬂc ¢ho
1nndolido penot vitheut ony considornti‘n of tho cpunes

smdt Devmm A0 b ol B L
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The sotpes of lendolidos and type of mntoriad
iavolved hovwo boon otudiod Individuslly in onch Goaoos
The penedinl mopsuses vhioh might bo of somo holp in
proventing tho landslifos have nlso been eonoidorod
along viths The difforent lendolidos hevo Boon msoign-
¢od to difforont groupo -ﬁwéndﬁng upon tho cGouse onfl
typo of movermnts

In tho ond o disouscion hoo boen modo vith o
viov to oystomatienlly ponerolfoe tho ¢lavsificntion
cotsos ond somcdinl mooguven of lenfolides occuring in
thip orens ¥t hoo boen £ind that litheology end ofrocturo
have playod an imnortont rolo in epusing tho leaflelido.

In fppondiz X o Brief wcmarh hag hoen tndo ogard=
ing tho propered alignuont of rond Lyom Nana $o fusthes
noxth vard. A nev nlime:m kot boeon propoced cnd duo
conpidoration nro givon to the geclogieal conditions pro=
valomt &n thioc azcas

It should bo tmphacieody ot the cnd thot for tho
w&ud@y‘ of o partieulnr Imdolids,; o very ﬁnﬁaﬁ!ﬁﬂ genlogie
enl ond vtruetursl mopping 4o opsontial, cenfinod o that
vasy Josality. | 8imilarlyy the knovlodgo of tho veloeity
of rivor poronity and porneability of tho foronticng,
particularly of ¢« unammlﬂﬂawa onoo onf ¢ho hidteys>
eal bockgrouad of tho vach lendolido somo moy prowo to bo
of irronse holp in choooing propor prasoutionsry oné renow
dinl mopouross For wont of the dnta of the nboﬁd naburo,
tho procont vork gould mot be shaped dnto o oxhonrtive
doouncnt+ Thore i no doubt, hovovor g%at thote otndico
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vill marr on humble approseh towards solving the lnndslide
problems beiny fnced by the highusy onpincers in Mralayvan
terrains gnd that 4t will be token as omall contribution
tovards the science of snginecring geology.

L]
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Avpondix X

Thove it ¢ propooal to eonsivvet o pood botuoon
Heang ond further northr« Tho propooscd road hos to oyonp the
ridpo north of nna« This ridge 48 code up of o fvrlore
tho debris consioting of bouldors of enlesifientoy rnelcses
ond quartzites For erossing this ridpo it 4o ocorontinl
to obtain o riso of 1200 foots A propocnl for obtpining
thig height by comstrusting the rocd vith tho holp ¢f
thirteen loope in g nerrov ayon of phout one rile wisth,
wat put foruvnile _

A geological trpavorse wee tolen in this apen te
ptudy tho condition/ affeeting the otobllity of tho focds
The rocks through vhich 8 loope hovoe Boon proponed rix
glnotal bouldor elay tho nntoripl 4o hotrogencoun r? the
plope $o 45° ot prepenty snd hnn, yot €o attoln anple of
10p0B0 « Hovovoy Guo to tho growth of vogotation it cocma to
bo stablos |

But vhen tho road eonotyuctlon vwill bogin covoral
problons wild cyoop iny fipotliy, the horicontcldicteice
botwben the loops being wiry coell, the clopos botuvden the
rocko vill by vory highy particuleorly 4o the first thyco logo,
vhore tho roodp 1411 be virtuslly nro nbovo tho othore Tho looss
bouldor=elny 4o not litely to withotené noronl videcliions
toos The ronpining fine loops poas throuwrh tho avﬁlrnehe Godrio,
ené vill not ccuce mueh tposdlo, ones the rorn! is ctnotruptods

A plen of the areny showving tho paaiﬁf:en of tho
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thirtoon locpo 48 provided in Pig.Ar Tho now pligumrnd
sugaostéd Ly tho author is aloo sghovn thexelin by dotted
1inoos The olignnent bo'ng suggosted hore hae following
merite and deroritse pdeordiang to thio proposal tho int
‘leg 18 tallen book upto 27 milestone gliving 1t oonipe:
posegible aradient { 1 in 20) and then Crom 7th wilogt-
one giving n band ~nd tolte the 2né leog to tho point chown
in the plen snd Join 28 %o tho third loops o7 the o gl
nal proposnl. "hug no: Y1y »n rico of €00 feot in nticinmed
ond thio avelds tho lovor throc loopn of tho ordpin 3
rroposals The réat of the lcops then ¢ant bo cefely rado
in the bouldor ¢leys Hope 1t 18 cleo propoced o learthon
vach loop further tovsxds the north, co that tho hrrizon-
tol opecing Lotuson then 4o dneroascd. Thic sufpookion will
enforeo tho ecngtruction of tuvoe briéron ot palint ¢ 34 ¢
ond aleo o third bridgo woy have to bo provided ot point
(b} 42 the ncllph 4o great dopth othoruvice epuse vy ot a
ond () V111 ealve tho probleme

For n bottor pioturo nnd correct alipnrent,
dotoiled manvdng on tho map 8% » ] rilo in osrontinie
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mnendin 3T

Badrinath hot opring~ The teoporatiio of $90 wotey
i5 £5% € to 60° Cs 7Tho total qunntity of vador
coning out from the ground 13 four 14%tlor por gcooonde
The vctor centain tracos of Hpo ond qudte rood

crount ef 1ine which 3o cvident from tho 1&mo Gopew
8its ceon ot tho berk of river Aloknends vhene the
wmter of hot opring falloe.

8 roosrd bt encllor epring copen out SO S
gurfeeo phout U290 retor fusthor couths I¢ Doy be
o nS¢ ghocke The quentity 1o § Jittor por route
end Cheo torpernture s M7° C.

Tepoben hot opring ~ Tho tor poraturd of ¢h» tatop
in tho torl 1o 40° to 209 € bub ot the onin Stte
Jct tho teoporoture 4o CI° s Untor 4o oliri2ly
rodiocetivo and pH «lue 1o 740+ The pato o7 fow
ehnrfe i coprozinntoly O0 litteors por coeasilse
Thue tho rate of Tanodban hot epring 4t rrentor theon
that of Badrinothe

Thooo het cpyingo ecn be dovoloped for (ho
mcdieinal purpocas but o detplled otudy 4n tnrroentod
for tho cinet constituentp of tho vatop.
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PLATE 1

Photograph fo«d

Photograph No 2

A medipl roraine at Henuman Chuttl,
Photo tolen from valley in the sast.

River torraces of Aiéknanda near

™pallzotis 'the_ terraces are clearly
seen ond P«loknanca is floving doep
in the rorges Photo taken from Pipal

kotd touvnrds down stream direction.






PLATE IX |

Photograph Hoe 3

Photograph o 4

3 Xoga hills as seen from Jumg

'

o7/4 mile stone. Dip slopes
aYe coverdd with snow.

Rivey gravels on the road side
at Reni village 14/c mile stong
on Joshimath = Malay: Rosd.
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PLATE IV

Photograph No. 7 3 The formation of sﬁalagmiias
and stalactites in limestone,
between Carur gange to Pani Gads
166/6 ~1/2, on Pipalkotd -
Belgkuchi rogds
location = 186/6 = 1/2 pile stone
on Pipalkoti ~ Belgkuechi road.
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PLATE ¥

Photograph No+ 8 ¢ Quartz mica gnelss dipping
away from the rosd. Hanging
ledges are pressnt.
Iogation = near the bridge of
Helong »

Photograph Nos 9 ¢ Joints in quartzite underlying
garnetiferous sohist.
Location = near Tapoban 10/l wile.
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PLATE €

thotograph No« 10 ¢

fhotograph Nos 11 3

Pault in quartz mies gﬁeiat; neay
Reni village 15/3 mile stone on
Joshimath Malari Rond, showing the
drag folds 4due to faulting.

Quartg lense in Augen gneisses,
1 mile north of Renl villago.
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PLATE 13

“photogreph Mo+422 & Photio shov 8 legs of the road
near the village Paind,; photn
tcken from upperleg tounrds [T 50
the slopo 12 stadle.
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PLATE 12

Photograph Nos 20 ¢

Photograrh Mo« AL ¢

shoving the o0ld landolids material

at obout 1 mile from Belaluohd Sowards
Joshimathy B t’a"tzﬂ ganga flows
tovards right and Ns Aleknonds tovards
the left in the photographs

Two stages of P.Patalgangs sre ¢learly
vizibles

Foad 40 loose wentherad soidl aqnd this
vhole rrea Lo due to 613 landsli‘e

wilelr Ton attalned obable slopes Plote

taken Cren Bangei sehool in the direction
I E5,
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COPLATE 11

photograph Ko« 18 ¢ 8lide zone at 158/1 milestone

Photograph No. 18

The upper slope 1s steep and
fosh ocuts ave visible which

are devoid of vegotation.

Fhoto tolen from valley towards
W 1B0® |

Shows roand in slates. The
vertical cuts have been made

for construction of road.

Photo taken in the direction

8 40° U fyom Langsi bridge.
Logation = One and half mile from
Belgkuchi towards anhimathg'
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PLATT 10

Photograph Nos 17 4 Shows 1-nd siide zone in limestone
the slome iz §6° and more dwve the
rosd rnd 60° bolov the rond,
Pormakicn of gullies aye seen,
g1ide" watesial covers original
rocks,

Iocation = at 167/7 nilestone
"pglisstiwoshimath roads
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PLATE ©

photograph Nos 16 ¢ Grafed river deposit near 28/1
mile stone near Juma on Joshimath
Malard Eoads
From top to bottom.

Eivar gravel s
Fine black_ grit - shéw current bedding
Bleck sands '

Alternat ing bands of clay ond
black sand,
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PLATE 8

Photograph Mo« 14 § Graded bedding on the road side
near 26/3 miley on Joshimath
Holarl Road e

Photograph No.16 ¢  Fluvio~glacial deposite neay
26/6-1/2 nile on Joshimath
" ‘Malarl Road. Bottom layer is
sand followed by river gravelds
The top portion 45 a glacial
t11lite,
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PLATE 7

Photograph Nos 12 1 Aplite dyk"e cutting across
the follation of mico sehist
near 23/7 nile stone on |
Joshimath Malari Foads

Photograph Nos 183 3 River gravel on the opposite
“bark of rivery the top portion
shows the rock formations.
Formation of c¢ones due to the
sliding of river gravels
Iocation = 23/7 mile stone on
Joshimath Malard Roads
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PLATE 18 A

photopreph Fos £3 1 Photograph shoving the 1t rnd
' Pnd leg of rond near Padnde
In the boek pround norther dipslopes
ore seen covered with vegetction
uvhors 08 the sheapor southern
glopes are devold of gny vercise
tion,
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PLATF 14

photogroph Tlos 24 8 Roolt fall zone of JTharbuls,
the lanslides are very frejuert
here dus to the sliding of el
jointed quartzites, The slip tokes
place pions the joint plensse 2
voud roller dmmeped due to ¢ 8lide
can be seen, The slope telov Lle
road e eloo eterps
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PLATF 16

olistoorath Tos 6 ¢ Joint sglope of Hathi " her "rith
of Joshirath. 02 the picht alde
of Rs«Alekneondn the rond pesare
through aupen fnoisces.

Photogravh Nos 26 3 0table slopo of Joshimath two
legs of yoaf on tho lof® gi'n
of LeAlotnedde are vicihles In
the daclproend the ro-@ on ths
ripht cide of Ralcknandn da
vipitle.






PLATE 18

Photograph Yo« P?7 s Photograph shoving the lsndslice
zone noar 9/2 milasﬂaﬁe on Joshiw
meth~Bodrinath roads The d4Cu takes
plece due to blbck Joi=tine in guarto=
epdases end sliding along thS»?nliatzoh
pleness

Photograph Mow 27 A 1 A slosa up of the ahovs apot .
Hanaing biocks of rochks are clearly
visibles The vord 1a narglicd to

the styile of the forn tion,






Photograph Nos £8 9 A gencra? wiev of the Hanuman chotits
lendell"e zonot showing all the three
legs end extent of clide zons, Rivey
bond g2t be noticed.
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PLATE 19

Phtograph Nos 30 t 4 close up view of the road
following the yiver bend.
Developnent of gullies can

ba soens

Photograph Nos 31 4 Note the well jointed quartsite
and quartz mics gneisses dipping
into the hill. Verticale joints
dipping at 48° which are striks
joints causge slippinge The laéality
1s adiacent to the Hanumsn chatti
landglide gone. The upper leg of

- the road passes through these
rock (top right)



LRV B &




PLATE 20

rhotograph No+. 32 3 Shous the frontal part of

Photograph Ho« 33

3

Tapoban land gllide and wvhieh
eonsed the damming of river
Thauld Gonga s

The glacial moraine deposits
which blook the RsDhauli Ganpas
The flat top are remsnont of old
natural dam as seon in the back
ground » ReDhaull Ganga has cut
an epigenotic gorge{not visible
in photograrh)«
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PLATE 21

Photograph Mo 34

Photograph Ro« 35

'

:

Three trunks gre beht indicating
moss movement along the steep
slopes, |

location between 10/6 and 10/7
ont Joshimathr-Malari Road.

formation of cone due to wind,
The loose weathered soil fall

~due to wind, near 11/5 milestone

on Joshimath Malari Rhoad.






PLATE 77

Photograph foe 36 ¢ MD slove 1n augen gmeles ot
14/2 cilestone near hende
The allding tokes plece along
the folietion plenes

Photograph los 87 1 Photogra~h showing the vertieal
Joints vide gans have developed due
to hlaetings This 4n the gone of fre=
gquent landslide and rock falls |
Losotdcn = 16/7 mileatone on
Joshircth Malard Ioad.
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PLATE 23

Photograph Nos 38

'

showing road in slided material,
photograizh taken from 28/7 towgrds

Eastt ngtural angle of repose can

be seen in the portion through which
the road does not pass. The effect
of disturbing this angle Hr road

construction can be visuaglised.
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PLATE 24

Photograph Nos 39

Photograph o+ 40

Frozen river or glaclar about

I furlong from Bamni village, on
the ripght side of the valley of
river Alaknenda.

Showing remanants of old bloecking
of the river near Jolam, the gre—
dient of the river is very gentle 4n
this part. In the right bhottonm

gid¢ partly eroded glacinl moraine
1s vigible.
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PLATE 886

Protogroph Nos 41 ¢ Tho spseimen of chlorite
| sehist showing quartz veins.
The quarts veins show
pinehing and swlling teztures

photograph Moe 42 ¢ The Augen gneiss showing augens
of quartz and felopay of worim
able vidth.
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PLATE 26

¥lorophotegraph Ho :41 t Chlorite sohiot showing

Kierophotonraph Mo 48 3§

sehigtose {extures. The
chlorite flakes have arranps
#d themselves in o livony
pattern (ordinary lighti.

Augen gnelsa abowing g bir
augen of Tfelspar under

wnieol«
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PLATE 27

Miorophotograph Vos 45 ¢ 515de foe 4/46+ The
| horn Blende graing nre
broken nlong cortain
ﬂ:‘xmmiém and the rooh
shove cataclastic textuse
under ordinary Iipht s
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