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The dissertation presents a concise ccount of
tae field and liborutory investigations carried out during the
session 1965-1966, on the Northern and Exstern parts of Mussoorie
Hills. The wor was done under a sclicrie jointly sponsored by
the Departnient of Geology and Geonaysics and the School of
Research and Training ian darthquoke ngineering with the object
of cvaluxtion of Geology wad the sclsmieity of the Dehra Dun-
tusroorie rcgion. The onti.e¢ wren was divided into fonr szctors
and cich sector was assigned seperatcly %o tiw present writer
and collegues 3Sri Gop-lji Singn, Sri S,M. Stlapaka and

ori P.u. J7lote,

It has been endeavourcd to include il tho iugort nt
nd useful informations wv2ilible but their proseitation is
subjected to the limitoations set by tiie. It is hopoed thas
further investigations in the 2rea will unraval tune unsolved

cor.plexities,
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The arez, coprising of Jorthern nd Sistern
parts of fussoorie is represented by .ie foruations of the
Upner Krol series and the Il series. Upper Krols are
=uainly exposed on the 3astern nost and Western side of the
allotted aren, structurally it represents the core of the

nain lussoorie syacline running JdW-53.

Inoer Lrols are generally linestones; intercalst-q
with shalds lmvorious colours in the lower p.rt and porcella-~
neous lincstones in the upsér pirts. rhe porcellaneous
liizestone is 7zensrilly .icrocrystalline and of creait colour
and probaoly corresponds to the Lrol 3 stage of the type
area. The inteore~litcd srey colourcd liiestone is fine
grained to mediu: graines and often calcite and irajonite
have forn.d in ths cavities. These linestones sinow

various types of defor:rintions on the Lewpty fill Rond.

The limestones dolonitic 1 corposition have rorted by repl.-
cewent of line-rocks. These are generilly devoid of fossils

taoush some doubtful 2l3ial structures were witnessed.

Overlyins the Krols is the T4l series. The
"2l sories is renreseated by shrles of various varieties

Cas 7w cilcareousy carboncceous, silicceous and arennceous in “he
lowsr parts.Tiae lower Tzals 7rade upwird into red silistonrs >

quartzites of shillow water ori in representin ; Upper [als. 'n
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Upner Tnls sonetines are found vein Llxke .iistes of zruy-
wacke rock, showin3 cross-cutting rclatlon wita the host
siltstone rock., This gray-w.ckc contains fragrnents of

various otlier rock types found in the irea..

llineralization In tac are> is representid by
barite and pyrit.. Occucrence of barite in veins in the
Upper Krol lires*tones is discoverced for the first time from
this area. One 1qjor barite veiln runs norallel to a fiult

nlane ruming rouinly NU=-Si4.

Pyrite fro.. Un.er {rols nni Tals occuring as
thin veins il lenges were studled in <4ot2il under thae
ors microscope “1d caertain tox!wres of tynic .l hydrothomra-l
orisia wovce dheLpvel. 32301 At Shwse o0owdies rdrothomn il

ER ;. s . L1 !
netivity dia The aren 1c nostul ovod.

irol-T:1 coa.n2t is Jwltid L. Zomnany Jlhad,
Tearli Ro 4. This contact is generally rzgirded s dis-
c. afornabdle, but the iavioctijgations ia the preusent area

sa0-cd the posgsibiliti s of its being ~ toctonic contact.

Landslides ia tac arca are fiequent and geacrally
confined to s .ales of the T_.w-» 731. This naenorcnon in

tills part is genorally govericd by the slopes, structure,



clirmate and the rock compositon.

The area is sels.ic nd thc ..inor shocks
ire frogueat. Collapse of possiple under grouad cives .ay

be a cause to these frequent niner snocks.
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CIAPTIER I

USRI S

INTRODIJCTION

Location

The area under iavestizaitioa lies nnaialy JNortn
ad Bist of Mussooriz. The region covers 1 area of nearly
12 8q. niiles 1lyinz betwecn the prrallels of 30° 27¢ oY
and 30° 22' 06" Jorth anl the wuneridimms 78° =f! 33" g
780 91 27M Zgt, around ussodrie. Thae arcexr 1s depicted o
the Topo snot 53 3 1wnd is situtel 1t 2 heizht of 6400!
Wove mewn set level. Wegb-ersturly  strech frow. Library
on The M211 *foxd to liasrwm: oa .ae Lfoari Ro-d (Giap 1)
fixes the Southern linidt of the »reae Ca the dortaern
side 1t extends upto Led:ir villise. Mussooric is i
irportait hill st~tion of Utiir Pradesh wad is comectoed

an
witih/[2ll weather qptalled roxd to Dehri Dun.

The arva enjoys 2 pleismat el iiate during Sun.er
(april to July) and severe cold during winter (Joverber to
March), The average te.p r-turv luring so..ers is around

259 C and during winters is ibout - 5°C. 3Suow fills

duriag winter se:son are co..on. Iie awverage 1wwal ranfall
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is 2bout 220 cris(acarly 20'") to 300 cis(nzarly 120") .nd
mostly confined between July =2nd septeuber. 0ftea preco.ding
or succe:xding tac r-ians tae atiiosphoere becoies cloudy,

causing 1 poor visibility, soretlias as low as threc metors.

Topogr phy:

The arer is 1 rizjel tracty, i de up eitirely
of ountains. These oun.alias A we tleir tops ia tie South
of the ar.2 aad slop.s ste.nly Jortia-w.rls aad So:bu-w:rds.
Tiuls Southern n.rzin of the 'ro: is : ade up of tarec niain
allls, The topoprply is 11iiily zoverncd by the structur.

Wl tne rock comnositisa i tais re3lon.

(1) If 2 trworese fro. West to Zast bo iads
1t will be foual that the a1ill first eiticountered trceads

rou;aly ii-S nd has its hizhest .int Gun hill (70231),

(i1) Bast-wards next ni'l hweoiy its ai:aest noint
Lal fibba (7459') has a rezional trand of JW-s..  Ia tiis
hill the slope of the NE side contiiucs for sreater depth
(vertical fall from top 2000') wiile slope on the 54 side

dics relitively soon.

(iii) Purtier Zist-w: g the hill wita Deo (i

Diring (Deo K Tibba 7699') as tihe Lighest point trends partly



&~W and partly NE-SW.

(iv) There ire no loa3z strecics of level zround
except thuosc of maa mde pluying grouad and few agricultural
fields. There are aucber of cull.iating noints, fron waiich
mnin ril es 213 side spurs witn iatarvuoaing str.us,
strex:letsy, 2d water courses jrow fro.. sac 21ter like
the branches of 2 trec., The stre s are in youthful st .zu of
their jevelo r.cat and so no terrice deposits of aiy si ni-

ficant thic.uncss n ve forued.

(v) A.zions :.wde up of Ars1 D wnd I 1L ustoaos
have 2 very uidul-ting topojrapay ad tie escairisats arc
very co.’on. TIhe slopes .re jaier:l y D re, but so.etiics
sti2ll busines scattered nere and thers c¢.1 be se.n. These
doloritic linestone bodies on weatherinz stand out very
pro:ineatly ziving risc to a ruzged scenery and burren
cliffs., The weathured rock surf-c.s look like ¢lephant
stin waen viewed from a dist vlce. Br:ll caves soretAailes

ire ~1lso present,

fhe sarles heving 3 thia s0il cover fora sently
undnating hills dot .21 with forcsts g Viricaltur:l 1-nds
Tuxrtzites for: very stuup slopes, someties evea vertical

and rising oaay neters vertic:lly. It is senerally in
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quartzites that the highcst points of thae ar.a are loca-

ted (Giap 1 and 3).

Jeororpholonys

Under tac influc.ce of various 13z.ts of denu-

4atica, sueca s hcavy raiins, sqowfills, wide rmc of

terimeraturs difcriice during d .y xmd aisht tine, the rock

minerils are eitner disiate:r-ted or Jecorposcd.

(1)

(i1)

The linesto..cs ire easily soluble in water
2 tas taikex .ato solution. fhe stecp
slopesy 2 d in hwnd, with hcwy r=winflls
ia jointeld liiistone misses cruse rapid
Jenud-tion 11 qalcex rerovil of tho
rnaterinl,y, lecawing beaind bore Lountain
hills 212 slopes. Cywel's 3naci Z1ll forums
2 tynicil landscane in 1li. cstone. The
c>llzrpsc of solution cavitvies forwmed along
thac joint »lones ultintel result ia the

origin of caives (fiz. 5),

Landscape ia the siilesy wnlcha oc.upies the
Biustirn side ol the arcea 1s charicterized

by less uniuliting hills. hese sarles
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ire well bedded wnd at sone plices carvonceous
11s0y thus very susceptible to weathering :rze.ci.sq
The water ibsorving charzcter of these shiles

1idel by vezetation results in freguent landslides
on Tehri ﬁoai, particularly wiacrc these arc jiore
aren:ceous nd carvonicevus. .4 1ewy load of

rock debris of shiles is bro .gh% by tle perenaial

STIrCu.Se

(iv)qunrtzit s arc joncrally les 0spitible to the
weathering 2yencics, cXeept whure they ire
vily jointel. 3ic blocks of various cubic
foot 1. votare, with shrp stral at odzes C nic$

wi.th the sopex. lonl.

Valleysse
Both erosionil nd tocsoaic villoys are prasent in

thae ar a.

(1) 4 re:dily recoznizible tectsiic valley is the
Coi puway £hd which follows th.o strike of a recent
faurlt. Knaksiana KXhilx passius through Toneta

Forcst, 1n the viecinity of t ¢ Krol-Tal eontactt

-

Tse. Chapter III
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runs parallel to it. This Xhksiana Kh-1n»
is a loigitudinal stroxz flowing dorth-Westerly

p~rallel to the mouatain strike (Map 2).

Patal Gad, a Lh2l* on the Jorth-Iast
lirb of tremyjor syncline ilso runs North-
westerly, in the vieinity of the Xrol-Tal

contact. Both Patail G241 :nd Khaksiana Khala

mects North-ward in to .glar Nadi.

(1ii)With the oxceptiloa of above neatisned vallouys
there are nunber of crosion:l valleys. The
curve of erosion of these valleys, walch are
in the youthful st:;c of their development are
most irregula. and abounds in nany equalitiese.
These erosionxl valleys for a zre~bter part of
their course are lonzitudinnl, hut sonetines

2dopt transverse courses :1so,

Ueoizorphologically the arca is in the
initial stage of its developuent. Denudation
is extensive and the s'rexuis ire decpeaing

thelr ¢ urses with 2 V-siaoped valley.
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Dr~inise Pastern:

There ar: two moit water dividus (1) ruaaing
Eist-dest wd (ii) subsidiary w:ter divide ruaning [IE-35W.
Junber of streans and innurerible rills, present a very
typic~l study of zeoiorpadslosy. Host of the tributrics
fori. a ¥Z-SW pattern i.c. perpeadiculir to the trend of the
synclinal axis. The nw.ber of streans omorsing fro. the
xial port are comporatively few. It is the axiol part
of tae river, ia thc viciiity of which two suts of stre s
witn i2itial down st.ewns due [7E nl SW origiaste. &
c> vined picturc of al} these strewms will s.ow a Sub-locllis
Droinnje Pattern, Characteristic of stronzly f:lded and

Map
highly divoning rocks (shest 2.).

Sgrings;

Springs in the 2rei are very fow wnd ii21laly confined
to shales on the Landour Xhattapani .foot-trick. Small
interiittent streams occur alone aill sides where siill
ntl:s have cut ~ullies below sround w.ter level. These streans
snow fluctuation with the riin-fall. Carbon ecous beds
o fehri Koad are zencrally roist and at pl ces witer scups

out of tne..

Tevot tions
R e S —

The flora is chiracteristic of esld aundd hilly
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type of vegstation., There are vorictics of plints. Tae
nature of the flora is wnrked by the 2ltitudc nd the
litaologic 1 differences of tne surlice rocks. The

following =2rc thz nain type of plunts:

Deodar (Pinus loi:ifdia and Cedrus deodary)
Maples (acer pictun and icar oblongun) 3ireh (Betula
acaninnta), Banj (Guercus incwz), Xarsau (Nuercus Senicar-
pifolia) tilonj (Quercus 1il t:t:), riiilj (Jucrcus lanusi-

nosa) and RhodsZendron.

Cowwon friit tre s are ; Chestnut, Kaphal,
ch.royy Medlary aoples, Poichos, plu., £i3, apricot, wmnd
31lackborry. Flowers are 2180 ¢ ..only sown in the 7ardens

and private bunzlows.

dardly 55 of tho ~r.n foris cultivated 1-ads.
Or the hill slopes and ocenssionally oa thse 1liinitsed flat
floor of the vailleys, terrace fir.int 1s done. Veyetabl._g,
potato and miize are the es.i.on crops. [The cultiv.ited

fields are nainly confined to shales.

The litholozic:l contrast has controlled the
Jrowth wml 4 nsity of plints ia = partical:r arcia. The
slopes on tae shales wre clsthed witha 2 £hi ¢ dense zrowth

of forest vezet-tion, while the quartzites and linestones
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(except those of Cwucl's breck Ro.d and Public Garden Ro:d)
arc too preciptious and bare (Fig 26 wnd 27). The scanty
vegetation in limestones is due less to the 2bsence of soil
than to the lack of watery, Rich as is tie r infall thae
witer quickely disappgers cither 2long tne slopes in the
nilas or into the rock nmiss via joints and fissures, where
it transfers its circultion and 2 part of its geologice
action to the interior of the nountiin iitss.

a~re
uartzites g 1ovoid of ay soill cover aad ar.

very scarcaely vaosetated.

altitude plays an inport-ant role ia zoverning the

(&R

kind of plants. 4t aigher altitules witanin the sailes Pine
trees hwe grown, whiil: =t lower levels iiinlecs (acor pigtuh)
and Banj (Quercus incan) 1'e the ecorr.on virlety. Sanles
weather easily foriiing a soll cover and hwe hizh water

retiining capacity thus susuporting luxuriant growth of

vegetatione

Pr_.sent Work:

The arca wis visited by the writer for tne first
tiie during the iconth of June, 1965, The field work wos

d'ne till the burst of tie monsom wialch nide .y furtaer
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work lupossible. The writer vigitel the are-a a3 iin ia
Octibery 1965 t9 cormnleto thae roi2ining part of tlie work
and for confiriation and corrcetion of the details. The
nresent study was 1o .1e to map the differcnt lithologic -1
units and thc structure with 2 view to 1ss.ss the geology
amd seisiiicity of t 1w aren.

The survey =ap of the region is wiil wle ol
2 s¢c e of 1" = 1 1, 1o (Sheet .jo. 53 % Yo A part of the
arer on 1 scrle 8" = 1 zile is ~1so nrescnt i Juide nap
of I"issoorie ~n1 Laadour. «prt fror shuse two shoots
nanning of engtorn parts wis done 01 6.5" = ] nile
(eil-r7cd by enilioscipe froo 1" sheoet). The details on
the inap wore fivled v trw.orsin; 213 the a1 cuttings,
rowds and foot tracks. Evea on these larze scale rps it
W's not nossible to siow the differoat r.cg t pus of 12
single stratizroshic uait. Sections acud diasrams of
virious iuportant litholosicnl and structur:l feacurs

werc prupirad.

The ::ain for.ations zapred 2.0 the pirts of be
Upoer Xrol series and tie Tal sori s. Tho Jpoer Tials 2re
ninly limestones, corresponding to {r>1 D and E stes
of thz type ~rea. But in the ficld it was not possible

to “eitiret. botwecen thesu two stajes and so voth were
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mannel as 1 osiagle wiit,

Fuestion.a.re forus related to the periodicity
nd magnitude of the trenors wers filled with edquirics

n~de fro: the loe:l neople,

more than 100 reproseatativa specliens of various
roex types were collect.l 21d out of these 30 specinens were
exa.inel In tain scction, Limestuics of the Tmer Xrol aad
the Tl series were nnlysci Dy Jita fitration rnethod. A
f.w pyrite saiples collected frow. tae area were studied
undar ore s.leroscope. fe eatire jeolozy mnd the dr.in-ze
prttern of the arce were trwsf.rred on . L.'p of sc:lec 4gl=

l:ile.

The wailible litipaiure oa Sho z¢olozy of tae
irvs were consultz? aal o wtcu pt s been Li~ae to disciss
the vorious zuologicnl provlens.  Thc dissortation repre-
seats 7 acuount of tae stulics coirried sutl ia the field

11d 1bortory with ocussary illustrations.
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CHLPTTIR II

PREVIOUS WORK AND ROGIONAL GIOLOGY

4s mentionct.earlicr the arer is niinly composa? of
the Upner Krol serics ani the T2l serics. Wherc-ever these
formatisns hove been lescribel by previous workers little
nention hhs been nade about the formntions of this arca. It
woull be evilent from a followiny brief review of the previous
work carricl out on these formations. This has sreatly helpel
to unlerstani the re;ional :eoloiical set up and to crrelate

the formations of the present ares.

The nwic Krol, lerivel from Lrol hills near Solon
(Sinla), was ‘iven by Mellicott (1864) to rock forr.2tions
corposel of limestones ~n?! quartzitic salstones. He niinly
workel between the Rwi and Ganges anl classifie! the forrations

into two bro2l sroups as follows:—

TABLE 1

Rl T R VPR, - - - -
- - " . - - - - -
- T T T e e e

gUnmetamorphics (1) Krols

( (b) Infra-Krols
Hinlayan Scries (

E (¢) Bliinis

g (1) Infra-Blainis

(Met wiorphics

-y - — -
- - - - - -y - T w S n T wn o T gy -
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01'h~: (1883-1888) b .sc’ v his work in Sirls "
Chikrata 2rex su; estcl the Bliinis t. be of ;1cinl ori in

L oassine?l the: yoper Paleozvic 1iC

Mil'loniss (1910, 1885) worke' ia Teari Garhwal an?
dizara 2rel. Hde loseribe!l  an elevation lifference botween

Dohra Dun antl Muss.oric 2s 1 result of tie Jnnjra Zarthquake.

Hollanl (1908) susoorte? 01 'hw. for the glicinl
oriin of the 31lainis of Sinl: 1res but 1ssi:ne? ther. to tha
Purann sroup. Dass Gupta (1915-1916) workel »n the 156

correlation of the r.ck types in Si.ila 1rei.

The first subst:atial wort oa tne drols fro.. the
Si:.17 hills was carric! out by Pilirim anl West (1925). They
su-estel that series of thrusts hwe brou;ht rocks of “ifferent
lejrecs of nmetwmorpiiss to lic in nbnorriil juxtaposition an?
nlvocitel upper carboniferous 3je for the Blainis, They ;e the

followin; succession in thneir arca,

TiBLE 2
Lower Miocene ~ Da;shil Seriesg
Millle Tlocenc to ) —_ ‘
Upner Oli ;ncene . ) Subitiu Serics
? == Krol Seri-s

E&rbl Sn lstone
Lower Gon"wana - (Infra Krol be's

(

(Bliinis Liiestone

i Cont ...
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Lower Paleozoic - Siila Scries
(Infra 312inis)

Purana - Jaunsar Series
Purana = Chail Series
Archean ~ Juto.h Series
Uncertain ? - Shali Shales

e e T e e e e ot S = e o o T e o i ot i e g

" oot s o g ot o e T oy " o ot g e o ot it o bt e G e o o s . S p

But the sequence of Juto;h, €hail,Jaunsar and Simlz
Series 'was considlerel as followsz~
Juto~h Series
o~ ~. Juto:h Thrust.

Ch1il Series
Ch2il Thrust.

Jaunsar Serics
Juaunsar Thrust.

Autochothonous sequence of Sinla slates to Krol rocks.

Pilgrin and West (1928) suuiesteld tha Krol series to be a
napoe enclosed by two thrust planes namely the Krol thrust
an? the Giri Thrust (Fij 3). The Krol series structurally
male up of two inverte” synclines which upwarls :;rades into
onc broaler syncline comvose’® of the Tal series. In a nomal
succession the Krol sceries overlies the Blainis scrieg. As
the 1atter was regarle’ to be upper conboniferous, in a-ze

the Krol serics was assisnel the age ranging from Permiin to

Triassic.
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dulen (1934-1942) presentel 2 letailel account on

the Krol Belt in Sinla anl Garhwal re lons. He described the

Krol napp¢ in Garhwal arca to be encloscd betwecn the Krol

Thrust anl tnc Garhwal Thrust (Fig., 4).

The followin. table reprcsents the stratigraphic
succession in Dcehra Dun - Mussooric rcgion as sug;cstel by
Auden.

TABLE 3 - STRATI RAPHIC SUCCES3ION IN D3HR.. DU:I=-MUSSO0RIR
(AFTIR AUDET)

’
K Tal Series ( Upner Tal quartzites
1 (
1 { Lower Tal shales anl slates
R
: Krol Series ( Upper Krol Linestone
0 (Perro-carboni- ( Krol Red ghalcs

fcrous) (
: ( Lower Krol Limcstone
E 2 Infra {rol sl tes
: Blaini Scrics ( Ypser Bl2ini bouller beis and
N  (Upper carboni- ( Linestoncs
, ferous) (
\ ( Blaini slnates

(
A ( Lower Blaini bouller bed
L Unconfornity =-=-~=mem-mmcammmm e o
e %aunsar Scrics ( Nagthat qQuartzites
. Devonian anl ( ; ~to
ﬁ Silurian 2) ( Chandpur sl-tes
' ( Schistose phyllites and quartzites
------------------ = Krol Thrust ===<=e=-eeeaac oo oL L
Lower anl Millle Siwalik,(autochthonous with minor

Thrust)

In the type arca he livile? the Krol Serics into
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five sub=-divisions.

Krol B

Krol D

Krol C
Krol B

Krol A

Massive cream coloured limestone, calcareous

sandstone and brown shiles.

Cherty limestones, dark limestone, Bleached

shales and quartzites.
Massive crystalline limestone often sulphurous.
Red and sreen shales with dolonitic limestone,

Thin bedded blue limestone, shaly limestone,

8alcareous and garbonaceous shales.

Auden (1937) zave the followin; classifications of

the Krol Belt buased on topography and structure.

Topo iriphical zones

1.

<
L]

3

Inner lower Siwalik ran.e and Dun.

Outer lower Himalayas, with an intricate net
work of Streams and rivers,

Main Him2layan Range with its deczp scapp slopes
facing towards the plains and entle dip slopes
facin; Tibet,

Hish peaks North of the nain Him+layan Ranzes

with irre;ular disposition,

Tectonic Divigions of Garhwal Himalayas

1.

autocnthonous units s It is a3 folded belt
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M7 lics well within the Iir. l1ay:s. The sub-strotu
is of Sirla slat.g scrics over which lics the Jw- uli-
tics, iur-c.s 21l Siwnliks. The iost important tarust

is tace fazilizr Main 3Joundry fault.

2. The Lrol .ippes- Thrusts oa the wuthochthonous wiit

and the Juwrulitics wnd Drsani.

3. The Gorhwal oo - Tarusts upoa the Xrol a1ppe Lne

naiy Garawal DTharust nay hwe its rooss in the r.iin
1irnlwya rone. The rocks of tac Irol NIPe ¢cxn.9lo-
tely surcound thc Letaumornaic roeks of the suprin-

cuw.bent ninag.

-

“. The Gr..t "iio 1

R0 e

i ek of »31 ites 1ad seaists

with n distiact sroup o7 piri- ncisses nd intrusive

'rmites,

S. The Tibetwn zone ;~ It

cvatrins fosciliferous

sedirnts rn-in, 2. 1je froo Cubrim to Cret iceous.

The relatioastip betwesn (4) and (5) is still obscure.

accord n- to uden sime of tue mova.ents alon; the rol

Thrust ~rc¢ i.ore recent tian delventim. It is beciuse of the

over-r.1ial of t.e {rol 3elt oa Ji:ins wma Vel upoer Siw:lil

¢ lo.ernses.  Theso rovene-its were considersd Lo be of lower

Plecistoceae a:c or even 1-turp. Concludin:, . 422 ohserv d
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"fhore hos btea nore tawn one poriod of poveient, perhips
durin - tae Jelventi~n and the later nove.cnts durin: tae
5iwnrliks and the post Siw:liks". In ais osinion foldin; in tae
Krol 11d the Garaw:il n2)ine his resulted becruse of the resistance

offer.d by tac f£'oor upoa which the ioveieant took pl ‘ce.
VA J

uden (194213) whaile workin; for the tuasel 21i 1ceat
for Jyunn dydel Schome niiatiined the 1eiil ori - in for the

31 .iais and thie M21dn2liswere inferr:d older thawn the 31 daise

wilen (194¢b) investi ted the cause of tae £al . a1
laind-slip o: Dehri Dun-Mussoorie Ro @ and felt that no pro=-

tective resires worull be usaful,.

aulen (1942¢) swo. ittsl a4 "lcport o4 tae 2t dle
foriuations 2round Mussooric 1s L source of Caciis il liie for

the nmmufacture of ¢crlciw. carbide",

Ravi Prak.sa (1958) publisazd 2 ".iote oa the Che.ical

Mnalysis" of marble »f 3htta near husonorie.

sent and daryin Lurthy (1959) ;we 24 accouat of

tne 1di;h Grade Linestone deposits of Lus.oorie-Deary Dun area.

arisiain and 3wuinita (1909) referred o the earlier
wore of Jolisw (1948-1952). Strti:rapiic wd toctnic probler.s

in the Sub-IL. l:us were 1is.ussed 12d 3 ncw iatcrpretating of



tac rel:xtisisiips and corrclation wes put forward. The Sh:iira
quartzites arc correlated wita E;nxk:i quictzites of Hwzara
walcn occur below tae Sirb m licestoacy and with the 31:iai
bou’'der bed 3olicau rsirded the 31 inis to be cquivalent of
the Kaluiur series of the Viidhyans. With S2is basic idea he
correlated the Sub-Iimxlayim for..itisons with that of Peninsula,
P .37 OF
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Contd =~ -=--



"'42 O~

— b Sttt TIPS

1 a

B T WV

Yalail Ineous

ictivity Jeoban liriestone
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drinovura orv eny 3hi. Tal

7Tolcwnices

Precubr.m - 4J 20 arh Cnadpur
~lwar Cramoli
D Ty q e
Riile Toj

Mehta (1962) duscrihed {rol Ihrust by the riec.aanisu
of rwitablonal [1idin. o postulitcl tmat bae contachs
betwe 'n Yandhalies, Chmdpurs and Nataits are tarusts (Table

d~e 7).,

Lrismasway (1362) waile discussin: the tectonics
of Xon ;ra concluded that the Satlitta tarus: 1.9y be the

possible cause of the Zan:ra cartqu ke of 1905,

Jalote (1962) estiblished subracent-rac. nt Loveral tg

at
alon; the Sy#litta Thrust in the vicinity of 3eag Da.. gite,

Raina (1963) h-g correlated the w.undhalis with

Bliinis :a the Sinla area,.






O]
ahzad (1963a) correlatzd laciited deposits of the

Hiralayan resion - Blainl boulder beds weth the Peaninsulair

Tilcnir beds. He su;-ested four periods of refri-eration in

Hinalayas,

anxt:d (1263b) published "Enzioro-enic .ctivity in
Himalayan e j;ion™ in wii.h 2ftention wis focussed on the
nature of the perchcd river terrices. =These terraces are .ot
even nildly tilted, and it is taou:nt that these hiwe forned
by 2 vertical uplift wiaich niiht have been ;0in; on since tne
Pleistocen: period. Taus the ider of stron oroeaic activity

in the re ion was proposed.

dukitu and akhtar (1963) workel oa the stracture and
tectonics of the Krol fahrust in tae vicin ty of Sunder . ur-
Sutlej Tunncl, llandi district. Some tear faults and dra:

folds in t eunder-thrust and overtarust saects are n»ost: lated.

Rinza Rao (1963) hzs described the probiblity of the
Krol Belt as autochntnonous unit. This conclusion is based
on tne fact that iﬁ the unser reacnes of the Bhajirthi-Tons
arei, Deoban limestone is found in nomal strati ;raphic
contzct with Sinla slates. e su;.ested five cyecles of

sedinentation in the arca.

Srivastava (19632) reported the presence of a
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lmnellibrancn fossil, Posidoni i of Orantil jguenst fromn

Lower T1' Carboniaccous shales of Mussoo ie.

Sriv gtava(1263b) described soie sesi-circullr to
pirtly rounded crustacean foris. Ho reco nised tne species

1s Istherin mir:inatay and cited the p0sslvility that Lower

T2l beds ray ranje fro: jurassic to lower cret aceous.

Wadia and West (1964) based 7 thcir eirliep Works
discussed the structure of [Amalay s, They su; ested Four

periods of orogeny i thec Siilz-Garhwal arca.

Ginsser (196+) while dicussin: the Xrol-Til
successism his observ-.d tixt Kro® serics ig 1ivisible into
five distinet nerbers, viz. .(rot @y 3y 53 D .nd E. Reardin;
tac 311iini b.ulder bel he 1pews wita thc view taat it should
be correlated with the Taleair bed wnd that its tillite ispect
1s undisputed. .bout the ol o7 relationship he ovserves
t1at after the depostion of CtlCirzous .rol suc:ecssion a
stri:in; chan ;e in deposition took plice and the youn er beds
consist exclusively of detrita'y, nostly suartzite rocks, there
cam be little doubt about tleip stoati;rapaical euntact with
tae waderlyin.: 1i..cs%oneg. Thes> detrital sediments huive been
called Tals, Deilin; with Xrol tarust he furtier observes

""one of tie {rol thrust has Actuilly forued t.arou:h lir e
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reau Dot £.14s .e.ey we actuil y nwve 50 dedl widh propor
tarust sieets x1d not recw bent napores!
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The norm~l suc-ession of tae XKrol nane is proonaed

by widen h's beer :iven e:rlizr (Table 3), The npoe includes
the Arnl scries to-cther with the Bliinis wnd J unsar

for ~tions bolow and the T:ls ~bove. ne Krol andthe Tal
suterops of tne Tussonric syneline streten fpoz Mussooric
south-cast-wird t~ the i 1 river ia Jeari garhwal. Ials
¢itire Krol nmoe of tae olicr stajc ovarlics tne youwl jer
SiwaliXxs. In orice to underst vid the ». loasl soluy a

saort account of tacse sieoatlrowalc wolls 18 bhela ) describal.

Jawunsar Seri.os;— 21l rin wd Jest wlicd tne nwe Jwasirs

for Coa-loreratic ph .sc uaderiyin- tae Ch iis wi.ca h we
tirustel over it in the Sii 1l irew. VYownwaird tne J wnsars

are restricted by Sii 11 sl es., [lThese 'nlossiliferous
foriations howin; an werx e taicunis: of 50C:eters are assined

to liter section of Purana (Devonin ?2) by the Liter workers.

fhe Jaunsars of Gacaw.l are re .rdel as e up of
tarzce s.iies. The botto . nost ilindh+1li stae is followed

unwird by the Chaxpur serics and the N:thit serics.

n Jeary Dun - lussoorie arei, v Jauasar s:ries is
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repraseatel by two suites of r»oe'ss inown s the Cindpur

slates and the Jagtnat qulrtzites. Ihe cawmdpur stie conriscs
t1in bedded alternations of euirtzi es and nayllites. They

are assoclated with sreca chloritized tuffs walca soow

poly;onal jolatin .

Thelir;tats irz reprosented by our-le to reen
coloured sandstones, arkoses, qugrtzites, rits, con;lomeratec,
cliy slites wnd phyllites. T2 the eastern pirts of Denrai Dun

P

they are thrustzl osver Jw. uli ie w4 younjer Tertiay. beds.

Both the Ch~wadpurs wd tae vta.-ts siow v marked ilacrsise

in met xiorphisy froo. §.uth-west to . orta-c .st.

Bliinis Serics:~ Jac serics c.nslsts of Lower 31xini w-ilder

beds succeeled upw: .rd by 31 .ini slites, Up-er-31-.iais bou de
bed and limescone and Iafry rol slates. aaden (123%) traced
the interrupte” riv . ons mnd pitches of tie 31 :ilai sta
souti-east -ward across the Upner J-mnun= in Dehra Dun district.

tween Jmun~ 2nd Denry Dua the Lower boulder bed his not

(J

33
bz :n ohserved. It 2onears this form ation is overlanned by the
Upner 3oulder beds and the limestones waich unconfor..ably

overlic the Jaunsars.

Litnolojic 11y the boulder bels ar. represeated
by rounied, sub-roundei 24 mgular boulders f viry in; sizes

¢ bedlel in » clryey matrix. The boulders are niinly for.ed
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of sl-tes, gurrtzites, snles nd lirestoncs., Qhe boulder
bod is usually 3 meters to 30 :iuters talck wd tac averaje
thicknoss of the liestone is 5 to 8 ncters. The taickness
of Blainis sl bus in Dear. Dun 2w be anytail; upto about
230 neters. These forizatinas hiwe been re jarded by many
workers to be of gliwci .l ori;in. There is usuilly a tillite

facies and 2 linc-sl:te ficles,

Ihe Infra-airol (thickacss 19C reters) is tie
youn ;est meiber of the 3l:ni-s series 3nd iz wtle up of
t iick series of carbongecous shrly slites ~lterniting witi
1i estone bands., These rocks shwow 4i*ferent de recs of neta-
;orpnism at tifferont »nl cosy froo sailes to well cluared
sl~tes and séhistase roczs, Close foldin; wnd s:nll scale
foultin: are c¢o on. & fow © lero=-fossils believed to be of

Lowzr Yondwn a2ffinitics hwe been found in ticse formatbns.

Piscoe (1952) his clssified tnx 3.iianls series
into two staies-the Blrinistize wd the In'ra {rol stize.
The thickness of the jlainl stije is varible w-tain 21 wide

rnic nd the sequence is frogquentl s inconipletes

Krol Scrics:—  The succeaeding scrie lyin; over the Infra-

£r>ls consista of 1 taick ;roup of 1. ssive blue limestoncs
md sh 1los and is zaowm 28 irol serics. It is ov.rlain by

the Tals. The litiwlojy wnd n~ture of these foriiations
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indic te taxt thaese re of shillow watsr nd coicgatbtl-
neatl ori-in. uden (1963) estwlisael tac £57..owiny

segquence in Solon 211d fons River 2rcis.

Ta L4 -« 5 (P23 WUDAL)
|
[s]

Solfn ren 2ons river arel

(Coper lLrol (. rol 3 (Unser aro’

(Lizestoacs (iz~L D (1iiiustone

’ (ur2>l C (
<rnl (21 shales (£rol 3) Krol (Red sa-lcs
Scries Series

Lower Arol :

ELi."t es 5 on ({rol Q)

(Lower irvl
(iru s andstone (Local) (timestmes

The Lrol serics is uafvossiliferous wmd it is difvicnls
to account for the consnicuous absence of fossils, ta0:ih thae
c.nditions for th:ir ;rowti wad preservaitiosn were guite
faw urible. ittal ad Chaturvedi (1963) hve reported the

possivic :1:al structure in upper .rol linestone.

rhe Xrol serics shows 1 zom.2l  oat et with uaderlyi;
Upoher Chruonifsrous 311al series, and heace these hawe bewn

nsslned o aje fron Perw.aln to Jriassic. The uomer 1isit of
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serizs h:s been fixed Iriissic becuse, the Lower Xrol lire-
stone hns many features in cooen wita the Infra=Tri-s ic

Linmestones of Xasa ir.

Lower Xrol Limestone (Krol 4)

These ace t1iin beddel, hird, fla::y lirestone,
1lways hih in rumnasing wnd often asoroachin: doloiitie in
cor.vo=ition. It slows ~lternations of sa2ly limcstone aad
calcarcous sazxles or slites. Those a'terntions ire eit.er
in parallel layers or coasists of lenticul 'r nillows of
lirestone sur-ounde’ by crlcireous smles. The taickness of t.is

stage variss from 90 ret.rs t5 230 roter.

£rol Red Shtlass (%rol 3)

Ihis stae co.nrises nly of virde::teq purnle
Oor red sn2les with thin Lu.in2tions, strcics, blotdes wud
intercilation of frecn saxles, There are :1s0 thin b.nds
of 4010 itic caepty Llinustone. These fori.ations of red siatles at
tizes pinches out 2=lon' tae lower wnd worper urol co.bicts.

The mwiurs taickasss is unto 90 reters.

Zbner {rnl Linestones (Krol Cy D_nd 2)

Krol C are nninly lirestones, pure eileireous
ML - nesian or 1olonitic, with intercilitions of ga.lec.

3247in- nl-ones <re 1lrost Wsent . When fresaly broken it



sives suloaursus suell.  The pure no-s”ive blue colourcd
linestone ;rades into waitc coloured hnds local 'y called

nmarble., The pure limestne is quoarried for various purposes.,

The ¢13e J co.prises ltzrntions of cherty
limostéﬁe and blelt, r:d, 'reen nd orano st.les, Their
riniram taickness is auout 200 etcrse. Con-lomeratcs with
pedvles of vein quartz mnd chert are rare, bub sore of tie "ir.
stoncs siaow penccontoliporincous brecci:tion. In sever il
localitics pockaets of ypsw. h-ve been noted as repl cin; tae
“imestone. Patches of carbonnceous linestone arc 1180 present

in the vicinity of the cont .ct of st>wcs C and D.

In ta. norinl successiza JWrol & overlies Krol D
stz The Wrol & are well bedied ..icodepystalline Litvstotes
wita trey to crexu.-walte b «idin . Thoy tthin 2 ocialiaw
thiciness of about 170 rnet:rs.  dhe Hale ¢ 1 ured lirestone
has 2 porcellaneous 2bnerr nce on fresh surface and taln veins
of c:leite stands on taz surface cven 2fter weaticrin .. 4t
plices it grades into aren wceous limestone. Ris 1¢ nmarks
ire scldom present., Oa weatherian; it forms ru-s jed toposravay

pooularly known 2as clenhmt skin weatnirin,.

In Jdehra Dun lussosrie area tae Krol D and E st . es
ire d.f icult to 1ifferusntiste in the field ad have been

traeted in presest work as 1 sin;le-unit.
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T2l Series:

The Tals werc orininally discovered by ifedlicott

(1864) i1 thae Tal valley exst of Gwges. This series is

exposed in two synelines in the llussoorle-Garhwal area sur.ounded
by the Krols. These formations . hwe becn divided into two

sroups 5 Umoer T:1s 1ad Lower Tals (.uden 1234). The Lower

Tals 're s>ft dark shiles ;rayw:cx2s and cirbonaceous siiles
prssing literally into slitos. The slitnes reserible tnose of
Infr-=Kr>l slites, but 2re rore rissive and associated wita ;raywai-
ckes. Srivastava (1963) h.s renorte ! tne occur cace of pnos-

paitic nodules fron Lower Tals of liussooric.

Tewari (1863) 1lso f>und such noduales froo. Garhw:il
aren. Fror the fogsil ovi cace Srivastava (1963) su:ested
fluvodeltiic conditions of deposition for the Lower fals and

proposed an 2je rwme fro. jurassiz to Lower Crctceous.

The Upnoer Tals are rizinly »nebbly quartzites with
sax1low water narkinzgs like rip-le nmarks. Sorme intercalations
of "icaceous sh2les and some sandy limestone are ilways
pregsent. The Tal limcstone in Girhwal siows broken shells in
2 fow »l ezs but 1re unidecatifiile. The thickness of Uy er

T71s aru about 650 neters
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CAAPTER III

GFOLOGICAL ST UP aND STRUCTURE OF THE AREA

Based on the earlier works und on the field and
Laboratory investiiations carried out by the present worker the

following stratigraphical succession his been established in

the area.
TA3LS Jo. 6
\ze Desiznation Litholoay Correlation aver: e
_ with Siml.- Thicxnese
( Dark Grey and red
E limestones,
(Uomer Black and red Upper Tals 20 meters
ETals siltstone,
( Pebly ind =rkosic (300 feazt
% quirtzites,
( quartzites with thin
( micaceous bmnds.
E
Triissic Tal ((=mmmme- CONTACT GRADAIIONAL ==+ ¢ +rmme=-m= cmmm—maa
Cretace- Series (
ous ( Micaceous shales
( srading upwnrds into
E quartzites,
(Lower Well bedded carbo-
ETils nxceous shiles, Lower Tals 600 meter:
( Bl~ck Cherty bonds (2000 faech
(
(

Calcarcous shales

Contd ..



Age Designation T Litholoty Correlation Averiie

with Simla Thickness

------------- DISCONFORMABLE ? AND FAULTED CONT (CT ===w==

Massive porcellancous

grey to cream coloured Krol E -
Permian Upper Krol dolomitic limestones.
Trinssic) Limcstone
(Dolomitic) Grey massive dolomitic

limcstones with inter-
ecalrtions of the thin Krol D -~
bedded shales
(D and E limcstones)
Krol *C' Limestone Krol C

A concisc account of the ficld character and probible age
of various formations met in the are: is being given in the followin

par~griphs.

UPPER KROL LIMESTOWES (D and 7)

Theluppor Krol lim:stones are representced by the Krol D
and E stajes of the typc arca. In the prescent work thesc have boon
considered tojether as it wns not possible to distinguish and demir-
cate these limestoncs. Thesc limestoncs are mainly exposcd on the
castern 2nd Western parts of thc ire~ representing the two limbs of
the Mussooric Synclinc. The regional strika is NW-SE with an averaze

dip of 30° to 35°,

In the lower part the limestones arc dolomitic massive

nd grey coloured. On weatheriny they show typicil clephant skin



weatherins ~iv.n; risc to a r:'3ed scencry awnd brrzen cliffs,
Whaore limesbones ~re well jointed  caves have formed (Fi;.H)

Complex foldin; at placcs is veory common.

Caleite somctimes hrs formed in sm21l cavities.
Thin coatins of araconite h~s formed from the pircolating

wator solutions 2lon ; the joint plancs.

Upwards the limc<tones become more and morce missive,
cherty and porccllancous in anpeirance. At the ceontaict with
the Lower T2l Scrics the beddin; pl-ncs arc practically
obliterated. The interc:lation of saales arc not obscrved in
the upper parts. Barite and pyrite veins arce found in these

limestoncs near the Xrol-Tal cont-ct.

With the oxception of onrobable 11 ;-1 structurc
(Fig 38) the limestoncs ar. dcevoid of fossils and so no definitc
age can be assigned. Previous workers on the basis of its
conform?ble contact with underlyin: carbonifcrous Blain Scrics

have sur csted an age of Permian (-Triassic ?).

TAL SERIGTS

Uoper Krol limestones arc overlain by the Tal
scrics, The Krol Tal contact svems to be an crosional plone
representin.; a probable disconformity. This contiet is faulted
in the Lwdour arca, Possibility of a thrusted Krol=Tal

, . M
contact is discussed Liter (sco gbructurc). 0. the basis of



litholosical characters this serics is divided into two stages.

LoWZER TALS:

The Lower Tals arc rcprescented by siniles of varying

composition su:h as cilcareous,; cherty, carbonaceous, micacecous
and arcnlceous. These shales show overturncd folds 1in the
vieinity of the Krol-Tal contnct, wherce 1t is very much crusihcd.
Minor local thrusts and small faults arc conwon, AL Lodar
villa;e slaty clcavage somctimes has developed in the folded

shales (Fig 11).

The Lower Tal sizles which arc calearcous in the
lower parts c.q. in the Landour market aren jradually bocomes
cherty and carbonaccous, nd ultimitely ;rades into 2areniccous
varicty. This sradation can be very well scen ~lon; Tchri Ro-d.
Sm11l lensoid bodics of pyrite haiwe developed alonj the bed'ing
plinos in Company Khad. On the NI limb small cubes of pyrite
dissominited in carbonaccous shalcs can be located at few

pl-occs (near Tibri).

Fossils are ygencerally absent but some unidentifiable
frasmentry forms werc found in the c~lecarcous and cherty shilcs

near the Masrana vill~ic.

Srivastava (1963) has described Zstheria mar;inata

from thce carbonaceous shales and thus assijned a2 probable 2ze

range from jurassic to Lower crcetaccous.
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UP ZR TALSs

The Lowcr Ials gradu2lly passes upwards into morc
arecnnceous upper Tals, thus showin; 2 gfqdational contcte”
They arc found in nearly a 1 mile lon; tract along Tehri Road
from Aishton Court and Cott273e to Tibri. Unser Tals from the
core of thc Mussooric syncline. The resional strike is NW and
SE and dip 25° duc NIZ.  3ast of Bat~gad the dircction of dip
becomes reverse 2and budsst%grt dissin;; duc SW. Minor fiults with
2 zeneral trend NI-SW are comon. oometimes dray folds hwe
produccd duc¢ to local thrusting as ncar Bitazad (Fiz 14). Upper
Tal formations arc Icnerally well jointcd. The quartzites arc
mére resistant to weatherin,; and thus stnd in clevated ridies

with almost vertical slopese.

Uppcr Tals which now occupy most of tac hi:host points
and scrve as the water divide betwe.n two systems of streams

runains South to North and dorth to South. (Map. 2).

The bedding plancs in quartzites 2rce quite rosulir and
sharp. Individual beds range in thickness from tens of cms
to hundred of cms. At placcs thesce are interbeddel withn
thin micaccous laminnc. Somotimes qun tzites become gritty nd

even pebhly showing repeited sraded bedling (Fig 15).

Acd siltstone is found in alternitin; bed!ia. uaits uith
waite quartzites and the iadivilurl bedlin: uaits rwm.;e in

thickncss from few meters (at Bata;ad) to several tonsg of
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meters. The rel colour of the sillitstonce s metimes jrades into
ycllow. Thesc have developed dlstiact flgsility planes pirallael
to the bed'inz. Pockets of arajonite are found within red
siltstonec 1/2 mile NI of %hildcr‘s cot.ane on mule track .oin;

to Leadar villaic.

The red siltstoncs jraiic$ into red limestoanc. Lensoid
bodics of about 1 meter thickness 2are¢ cncloscd within siltstonc:.:

Fr~ monts of white limestones arce found within this red varictv.

An Interesting oxposure of 1 lirty :roenish rey rocx
snowin ; cavities on the surface wis locatcl on Tchri foxl just
fow moters Elst of 4ishton Court wnd Cot:aze on Tehri Rorl. it
shows cross-cuttinz rclation with the host ro? siltstonc, ~n? g

liscusscl in the chapter on "Petro:r~pay",

STRUCTURE

auden (1934, 39) save 2 dotailz! ccount on the Krol
belt in Simla and G2arhwal rc:ion. accordin;; to Aulen the
Musscoric arca is occupicl by 2 lar;e syncline of Krol nippe
rocks. Thc rocks of Krol nappc are again overliin by klipous
of more metamorphos.l G:rhwal rocks brou;ht in position by
the Grhw2l nnppe. This Llippe is expcsel in 3anali ~rei in
Girhwal jfdig. znown 2s Bwlil window (Fig 4). Pilgrim ~nd
West (1928), who worked to-:cther in Simla rea sugcstol that
the Xrol serics is a nappe cnhcloscl by tﬁo thrust planes the

Kéol Thrust and the Giri Thrust (Fig 3).
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The prcesont :ru: is loect.? an the central pirt of
the Lussooric s necline. Below is iven an aeccount of various

gstructurcs founl in this are-.

Planer Structurec

Bellins pl-nes in Krol D wn?! I limcstones often
cont~in intcrcilations of thinly bellel shiles in the lower
parts. The bellin: vlancs in Jimestones arce not well proscrve’
particul?rly in the upper parts. Two scts of joint plines
ruanin:g HE-SW il NA-S5 arce co.o . on. Sprecin; of joint pl-necs

wries fronm spot to spot but s 1 .;enceonlization they are
closely sprce! in limestones intercalato?l with sianles. Caves

hwe forme! 2lon ' the joint plracs (Fi; 5).

Lower Tal sailes are well belle? in the lower parts
L inlividurl bels are 3 cus to 6 cus talek. Taickness of
bels o on increisin upwards.. 3ellin: plones saow v-.rible
1ips on the Jrol-T2l con::ct oa SW liub. The sa:les show
syiw.ctricnl folds with the Jdeveloprient of slaty el wa e (Fi: 12,
Shlcs nexr the contact ire very closcly joiatel -nd evean showy
the effect of crushing., Two sets of joints runnin: NW-S3 anl
835-54 ~re com on., Bed'ing joints wére 21lso observel, Upoer
T2l quirtzites and siltstong ~re interbe el wnd the thicknoss
of iatividual beds is vari-ble. Beds of quirtzites arc coi.onl-
50 enis thick wnd sonctimes cont:in thil l-izinie of rLic-ceous

mj‘ »Cl‘i".l.
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Dip rol:tions oa re 'ioaxl scde saow tnat the major

fold ia the irey is » syncline, thae axis of waich runs .Ji-S3
(}wp. 3) i posses throu:nr 3:ta;2d. The limbs hwe n wer: e
1ip of 25°-30° (Scction 2lon, 4 B). The linbs of the kussoorie
syncline are foldel into local =nticlines i syaclincs with
their “xes pirallel to tihe xis of myjor syacline, Such foldin's
are very vrominent ia the rol D nld I linestones exposcd on tac

ewly made Leiwpty 211 rond. Ineoapoetent nature of tae intcre-
crl~tions of sn:lcs in liwestanes h:ve :iven risc to f£yl1s of

vari.l types (Fi; 7, 8y, 9, 10 l 33).

Lower T.1 sia:le s1ow both syiaictric .1 al overturacl
type of folls (fi- 11, 12). +1lds re a0t so wueh co...on in
Lower T:ls s thuy e ia the waler-lyia . {rol limcstonos.
Folls in Ujrer Tols ~r. r:rc. IL.inor ir-: fulls h-we “oveloned

in the siltstone bouds becruse of loc-l siill tarusts (fi; 14).

Faults s

In the Compiway Lhrl »2a Tonri 3071 tac contet belween
ths upper Xrols wl the Tols is of7uctel by » rocont fwlt.
Here it strikos ~ooroxinmtely 1 -5 dircetion (W170-1350) wnl
Southw:rils t-k .s 1 tura in S5 lircetiosn. ILower Til shtl.s
ips 1t 30° tuc 100, There is 1 15 cos thick zone of - w e
rlors the fwlt plone (Fi 32).  Wloun; this foult pline runs
T nlr in whlch some pilcees showin g slicken sides ¢t be scuod.

It is 2 norinl fwlt hwia, 2 tarow of .cwrly 50 uctors.
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Loc~1l frulcs wl thrusts ~r. very comwon ia Krol
lincstoncs (Fiz 6) wl T-ls (Fi; 11)e The acener-l trenl of

these f~ults is vari-ble within Naw-Sod nl NI-SW,

KRIOL-TALL CONT.LCT

In thc prescent toxt Krol-T L contet hs beon
rciardel s 1iscuﬂformible éontzct, but in the rer tais
contacts on the SW limb 1s fwulbtcl for 1 coasideriole dist vico.
This Kr»1-T~l contet is.usuzlly very much disturboeld. The sa.los
in the vicinity of contrct oa both lilibs 2re conpirativels nouc.
frultedy £o14cl wal jointel. Lookii; at the 1ifferent spocts
of thls c.atet plwnc ni the ro;ismal structu-re it is 238810y
tart it is 1 teetonic contet. But wiy esaclusiun to tais
problen will roquire furthor work »a tao re'inll bisis. Ihe
present stulies are t o0 limdite? to luseribe tho oatire {r,l-7-1
cmtrct tr be ~ thrust.1 c.ntet, out the v .ri.us ovilinees ia
its suonort, ~s w-ril~ble fra: the present fisld invasti tati .as
rre liscussc?! bolow, The fHllowing; filll coviloneus su; -ust
tart the cont et between tho £rls 2al Tils is not Y aorasl

¢ nt-ct.

(1) If the prtteqn of uter.p »f Low.r Tl
fornxtims be stalic! n the Ly (3 i
seeti a “loa: W3), it will be fun? th.t
thore e tw, uj.r .uter ps scper .tel by
vXposurc wrlie up of £r:l D hal 3 linostginos.

Tais intcerv.nia; p.rtin .f lintest nc is o .t



luc to topairphy. The stulv »f the eont ets >f these Thl

form~ntions brinss to lizght sume interesting feturcs.

(2) Wgstern sutcruop (Castle Hill)

The cont et plane show inward lips. The
re¢jisnnl lip of this outerop is joner-lly sii:ll
=15° lue NZ. Therc is sudlen incruisc in the
wmount of lip at tho enstern contret.  The rocks
At the entect “re very nuch crushel mnl soaaetinics

sacpnie of water lsoy t kes plrce.

(b) Zagtern outerop (Laaisur caatoanont)s

The rc;ionil lip hers is b ut 25°, In thc
vicinity »f thc cratiet the sanles hive rollin:
lips. The shhles ~t the cuatiet ~re very .uch
leformed ~al smrll overturnc! f£,1ds traversc: by
thrusts ¢2n be well scea n Tenrl Ru01 (Fi; 11),
Sh>les just near the contret on w-in Iohri Rorl
1s hewily crushcl in 2 piteh of ne rly 15 notors

ruaain: rouhly LS-W.

(11)The njor strcwis pissia; in the vieinity »f the Krol-T-l
c.ntict on b.th litbs of the sracline runs very uch pirallel
t° thesc contrets. The stroiuas which 132in are pirallel to

M. wther are the .~jor strcuis ia this irca,

(111)Fro. thac ©p pattern oa =~ reiomnl basis, The xis of the T

sraclin?l niss poers to Do non-c incilent with the axis
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>f thc Muss.oric synclinc,

(iv)Mincralization has taken plhce within limcestones in the

viecinity of the contact,

The 2bove factors whea eonbined tosether will site
prssibility of 2 Tecetonic eontact between Upoer Krol limestoncs

ml Lower Tals,

This %hrustin; can be exnlnine! by the phenomenon
of sravitational 51ilin. When the Krol nope was still rovin .
SWy the relative movement of -the Tal scrics took plhce in NI
1irection, This movoﬁent witich would h-we been ‘overne! by
the forces »f roiction frou the wrol Thrust inl thc tupo r-phy

of th2t perio”l rosultc! in the leveloprent of present Krol-ril

concact,
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JT4PT R IV

PITROGIXAPIY

A brief petrographic:l ac:ount of the study of
various rock types his becn presented in this chapter. Based
on the ficld and l~bor:tory investigaitions 2 note on the sedi-
ment~ry nistory of the 2r2a h-+s been addzd. In thc end

occurrcica of baritc ~nd pyrite h-.s been discussed under

Y.inecralig~tion,

UPOYAR XA0L LIVESI0JES (Krols D nd E)

Jhe uosner Krdl limastoacs 2rc doloitic in coum-

position cont:iaiag leaticelir intercal-tions of sa'lus.

(2) Doloi‘itic limustoncs (sp-kgy Wy Togy 3g)

It is 2 coagdlidated srey coloured dolmitic
limcgstone in wiaich ¢ .lecite 2ad rrzonive sometimes hwe crys-
t1llized in gw :tics. In the low.rp2rt the dslomitic limce-
stoncs ~rc wediun to fine grained, massive wnd mostly sroy
colourcds. Cracks nd cav :bics “re cor.0id in wiaich arawgonite
~ad cnlelts hwe eryst-l'izod, the fortier ofton showing
t micnl colloform structurc. Some spocime.s show strom:bo-
lytie strueturc. In tnc uorner pirts the linest mes show
grey o er.m ocolour wd is of porecll nious ppcariicc.

5ol spociuiory show ir-oqul vy curved, reetauliwr froagmoents

>f 1ray lirestone with white cerystailline bordoers (sp 85).
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In tain soetion (slide a07) . %hese are fing to
nediw: sroined wita jrin sizo ruging from J08 1 to 2 1y .
The m:in constitucat iacrils ~re dolorito ad ¢ lleityy  both
of wiich posz.uss perfuet rhozbohodr-l clownsee  Chleito
soutings show pseudd-ploochroisn nd int rfurcace aeolours
~re usurlly of fifth order., Thain twin 17moell-c in dolimit.
saow first ordcr, intorfor.ace colours. A fow detrital quarts
srins ~r. ohserv.d -t o c.s. Sceond 2ry cr-ost:lliz-tion of

the carbrn~t. ~lons froectur.s sr. soci ia SsJune sectionse.

Th. sp.cimia a~viar (so g slids g ) stroaatolysic
steuetur., shows d-rk —md Ligat c¢Hlour.d rop 1l ~ad iraesulnr
bads, the thilekauss of wiich vorl.g fro. 2 illinctors to .
froction of » iillirctor, The bonds wp ~ecutte nd ob bl

(Fi; 38). 8. tl..g the 1sb.g . closud - iviag . ¢ neuit-ie

L.o lr piteora,

Gonor slly the eoatr, of tlls. strectimes ip. co.poas.d
of erystiline crleit., waich is frirly _.h.dr:1 wnd ¢Hrse
gr-.in.d. Th. b:nds surrounding ti. core pl ev.pascd of fing
nd fibrous “regnltey the fibors bolag sricnt.d perpiiidicul -r
t: the bnds. At nlwe.s ¢ Tum-p oy uait, is lst soon.
The ;vowth »f r-znit. o luins norm "1 ¢t th. wells »f th.
iwuer wst b ads hwe ;lven ris. to ehhractoristic e b
stmichire,

nital had ehturv.oid (1962) h wo runorted 5i-11 1
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structur.s fr.: tais :r. 2 2ad su* .sted thuse t Db p:ssibl.
Lol ostructures, I thoeir pe im the finoe 1iudiase of r.c-
tazul:r sou~rc-shiped or fibr.us ¢ lcit. 2r mjod norml tu thao
~rentte 1zine ity be indie-tive of possiblc eollulr strictur..
fhcy hwe jdentifizd thsse strueturcs bridly s st. o Tolytile

pr bwly belmiing £y ¢ 1luni:,  Sueh structur.s c:a 2lsy for.

by 1nsr~ nic pr coss.se Duc o the loek o f timc, do:~ilod
w rk c.uld not be doae on thisc structur.s id it is difficult

t . iv. wmy dofiaite ¢ nelusin o thaelr Lricin.

a roprooeat tive soiplc of the 1-1:itic liiest -l

w.s ~anlyscd by E3t . Tite ti 2 1ctood. Mae results Uf tais

dl lysis ~re iven bolow o
C.astitucats P.rc.at .o
.20 52.8 »
-7Y3
E,GOB 43.4 %
Fc2 O8 0l leOB 03 %

Aesiduc ins-Tuble in
S50 % Hgl 3.

(¢5}
R

100.0C

B et

l[
i
[6))
()
W

(b) 5a:les (sp Key)

facse sales . frac cpoald wr ille. s r.cks
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with distinet fiszility .nerally pir-’1lol t 0 the bedding,
The®. -xhi2it voriius ¢ lours Like blue, rod, v.oilet 'nd

cr.me Pink ~nd r.od sa:lcs ~r. tae 08t e,

In th. thin scetim (slide X Oy ) shrles are - ninly
cr-ods.d OFf very fine sroined eliwy uinerils, wialch 1t pliecs
~lon the bodding plnces awe ervst:llizid into lunticul-r
bordics of fino :iier ~d calorite. A fow dotrit 1 nrrins of
qu .rtz, f.ldspor wnad flak.s »f .ic. wre ~1lso sbscrved.

LOW=R TALS

——

l;—d

Tae Lower Tils ~r. r.opr.scat 4 by verious typ.s »f

sartl.s gach s eh.rtyy, bl.ck il r.ue. us sh.l.s.

(=) Sh.gpy 82.l.s (sp 75, By slid. Fg )

fhese r. fine cr ia.i drk ¢ T.ur.l r cxs
with «r.hsy £..1 -ad pore.ll nioous apperic.
résu:bline horast.as. [hos. 2. very weca frac-
tur.d wnd cru.pled. Tho rock is trovers.d by

au ber f quirtz veins cross-cutting on. wistalr.

Inthiz s.eti.atuen Jf th. portisn is
P quee AL flw plic.s cl ys wd cryot .cryst1lin.
chcrts wre ta. nin ¢ asitulnts. . roek is
trow.rs.1 b, thin qu:urtz voins (Fi . 45) s.win;
r.ticulrt. potu.rm, The v.ia quirtz is fin.

t covrs. erystalline ~nd s c.. Sf tho voias are



(b)

(c)
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21isml e.d., Cxrtia; Iuc . th. 1.:wenia; of iron

X1le i1s quit. ¢t .n.

31k Shrl.s ( sp Pg-slid. Py )

It is finc srained block col:ur.d ¢cpret
nd Lossive rocke  Winthord surface is junirally

browaish.

In thin s.cti ns the i rouad o ss is
¢c.ws.i £ finely eryst-..liac clwy. Fine ~p-.ias
detrit 1 quwrszy £.lisp rs aad iicr flk.s ar.
1istrivut 1 rad.oly. Finl op.que °r-ins »f ir.n
X1d. ar. wsoll listribut.d in the rock.

¥51lisp .15

el
31 .r ;roias of fE-dsp v do.s 10t onw

twenting, wiile the o .ller or.ins sah.w ill

pr.scrv. i rcp. it twianing., Pow "praians o f

mierceline suoing eross'hatehod twinain: p.

~lsy sbscrv.od,.

Mic:

) At

Musc.vite is prusont s fl-kos nd ar.

c.pwrabively sl in size s o cprrd bt

the tacr detritl s iaor-ls.

3lck Arnc. us o 1.s (sp T23slide Tu7)

Th.osc ~re dark bl ek capret sales nd L oag
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j.int ol ngs_tnd-fr:cturcs thia veing »f Cil?it3 hve forrmel,

The wesbnerd peirss sxaibit ruy ¢slar wita brown tiag,

In tain sceti.as tacse saow v;ry fino elw mtrix
in waich lrwiz wiunt of dotrital sr.ins of guorta, fulddp v,
ehl:ritc wd :ie~ fl-kus Ar. distribut.d., Te el and the
dstrital srains are noarly cqual iﬁ viount., The wornie vrnin
gsize o5f these detrit 1 cuoastitucnts 1s 0.04 . o Fins :r-ins
of atnctite wmd homatite are dissceinttod throu hout the

rnivrix.

~mrtz;

It is nisst 4 inwtb ia.rel ~f5.r tae el nkrix,

[ac indlvilu~l rins r. of vari.us siawpes wita wiular ol

Mic>

Sa'l tusceowits flokes ro r nd ly oricnt.i. At

(%!

Ai2 plhces they vl slonated ﬁxr:llcl t> the budling pl iios,

Fow jradns Of unwerthersd foldspars aoe ods.orv.i,

UP24R T4L3

—— L P

Upper Tals ~re¢ roprosented by 1 varisty of rocks

St 1 .5 siltstone, quirtzitus, limcstones and raywicka.

(1) Siltston.s  (sp Tgy Ty slide Tg )

my

iacse are very fine rained rocks of red wnd
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bl-wck corlrur. At pl .cu tas red siltston. show later.l vari-

win into sro.n shiles.  Fissility plincs are well doveloped
wnd tae only.rcey nizanle rinor-l in nwnd spocinen is ruscovitos

Blwck siltst n¢ ifwoe chuilctl test of Mmomnesc (sp C.3).

In th. thin sectiun tho principle cl.stic :irains r.
“asular to sub-riuadod quartz (rins, wd ltered f.ldsp:rs,
The curunting nateri:l is uncrily ferru-:inous but sJa.ctiiils
clwy lso surve ~g bdindia) niateri:l. Particlus ~ro usu :lly of
siltsizc nd hwe  vury nrrrow ranse of size varitioa,

Usu-1lly the ;rain brundri.s wre snosbh but s wtinics eronul :t.d,

Mrtzs
It is the predomin:tin: . incr il s1owin; wwy oxtinctisa
mlostrained offlet, thus inlic~tin: its doriv ition fro. sow

nethriorpiuic sourcce

F_llsp 'rs:

Few of tac f . Lisp r 'riins ar. quite frush nd shnow
riepert d twinnins, These pli:isel se f.ldspars e Of 1lbitic
¢ Lpusiti{n. Iwinain; in 98t O the sralns hawve obliterated.,
Occirssinnliy ;riinc >f . ierseline showia- er.ss~h~tched

twin.in: e Jbscrv.od.

fuse vit, 'nd Bi titcs

Lict flakes ire o-nerally bont wnd 10f oo by
c:preti n Hf the scdiients. They 1) not show wmy pr.f.rr.d

oricntati n but sunerally sceur t the intersticees boetuoen
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qu-rtz crcains.  3ictit. 1 kes saowin: plosear ist. fra. £hint

roen toogre.a éolour s sold :opresent,

Tourling: '
SzilL ocrains Lf toupiline ~re proscnt. Inssc o

!

pl..car ic fr . 1i:at ycliuwian srogl to o turbid crcea. Thu
'riins r. round.l ot sub-r U 1ol in sape wnd towerscel by

c:riweteristic cr-cks.

(1)awwtaites  (sp Tygy Tpp slide T9gy Ty

rlally ritty i

“rtzites nre juacr Lly ecarsc

Sy viplletits shw very o> r s ortun

2Uon os.actiines punsly.
i

of varius ¢ Lours suca s vooiloty whiite

<

n?1 qurrtz or .ins
‘rey ote.
Pebuly quirtzit.s .lgo, cccur .3 raythcis w.tai: fing

Tho pcj,ng S'1 W prvfur;,i

: e
Xis of the poboles 8 5 .uca 5 3 cis lons. The mistrix of

omd
vhelty. oricntation the Ion;

thls indurat.1 rock is voey fine r:in.d nad pebllus doriv.d

fo . vein quartz re :lso pr.scnt,

In the pobuly varicty tac co.onting raaterial is

conere dly fine sridnel elwy bubt >therwise silic: is tho r.ain

c...n%in; terinle Quirtz, follspir nd otacr heawy
vincrals e the Lonin esastituent >f the rock. The cener il

dot

the r2lle of ortho-querszitus.

¢cspysiti oo of th rmek is in

~ A
.

Juirtz:

unrtz crains hove 2 vory wids raie of sizoe
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1istrivuti n. Aubiienic r wth :r'ﬁni tie dutfittl r-ins
h.s t-kcn pl{CU. The %ijfccnf qﬁzrtz Sroins hawve wuwn to-
cebacr to form on inthhlbokun;bij;rc;gtv of wncdral indivi-
du-~ls, in which it is'vbry often no lﬁar;r noscible to distine
~uisn the ari;inﬁl‘:rtiné fro thoirfscc)njtry riiss  Sootincs
» sinsle qunrtz r-in shows cextinetion of variable d¢ ru.s in
its 1iflorent portions but ¢l n;-t.d ~nd p rr:llel tu tho
cloaated sido »f tie r-~ins, This exiaibits tia. prossurc
Aistrrtion of thr quirtz 1-ttlicu =l indictus its setwioronis

n~turc,

I-_Lj

cl?’spr:

*

In smio seetiong foldsnor is gquite Hund nt -nd
necurs .s Di; r-ins (p:rticul:rly cor-rs. -r.ia_l vairictios)
walle in s o other fine ;r.inol vwictiocs it is wintin-.
fclisprr srains sre c.acr lly quite frosh,  Twinaod (albito
law) fuldspors are jenerally .lbitic in ¢.pusitiun, S.iw
untwin..cd fcldspirs siow ~ne st of clewn ;o =l 1lrost straiht
sXt.netion., Grains of iuvrvelin. e founl o8tly in ritty

¢u rtzitcs.

Strursiite:

The srans are ah-irsl nd show plcocarsis:: frxa
yollow to yollowish browa. The offeet of oxtinction is enc=-
r-lly »bscur.i by quirtz 'riins. It siows interference colurs

yellow aad r.2 of first ITICT.
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- Tourralino:
The sntppdfthoffmins;uw;janur 1ly wulawr £t sub-
roygnicd. If énjws hi’ﬁ-rcliaf nd pldjchf)ism froi 1isht bluu
ty sky bluc wnd ShﬂctiLGS fry pald yullow to dark yellow with

char~cteristic crhcks.

Zireons
It seceurs s 2loa abod 1:n: ralns with se opreity
ev.lopel ~lon: the erocks. Undur ersssced nie 1ls it shows ai-a

nrder int.rfur.ae. c:l:urs.

Mic~ fl-k.s;

Fuscovite ugurlly fors very sasrt [1 &es, locaited
brztwoen qurrtz rhoas,  Thalse flokes re .oulled lon: tho

qu~rtz ;r ins " - v sce.nd >rdcr interfurcnce ¢ louss.

Ir n ~xila:

It is ~a -pquz nin.rd,

Rock Frasents:
of phyltitis, Linestone wml fine :raiincd quartzits

“ré s.notiivs prosont,

(1i1) 2=2lenroous Rocks:
The crle rcous rocks re inly croy nd bloek
st aus nd erlerseous siltst nos. Such rocks ru coner Llly

fnl in the xi.1 np.rt of the huss wric syncling,

() Grey Linessone s (sp Pg slidc Ps )

It is 'ruy c.lour." pairtly crystallinc



lir.ss me with tain veins »f clcitc.

I. tain sceti.a the roeck is 1inly ..ade up of cl=-
e reous riteritl which s setitwes hies erystatlized to caleite
(1~1-ite). The :::in @ .ss is turbil wider tae sicroserpec wnld

!
qu-rtz is the - aly letrit 1 e nst#tucent,

It shows » Llitic stricture unior tae ..lcre-=scpe.
Oulit.s (diw. C.5 - 0.8 :1.) »f fine ' incd erlelto wre f und
in *eo:se orincl ntrix Jf crlcites The corc of UHlit s
is s..cbines mnle up of qu.rtz wround waileh tihe jrowbth his t ...
ol ec. Tn. yolite re turvid boewge of thavir L. 2t eyt lLi-
z.tin. ®octiiols enleits for in: te e.re is cuch ceryst? line
tho She riicse The o litls 1. w0t siow aay eoncentric routh

or r 1i:ting char ct.r. C:lcite sasws pscul -pleocarsis.,

Mcrtz nl ruscovit. fl-kes wo the sivin dctrit
c.nstitueat. A representative sople of the jroy liestone
w's ~arlysed by 21t- Titrtion wnethed -nd fullowin, results
were Hobtained,

Constitucats © o Peorcont i

Ca CO8 32.01

lg COg 35.70

Avsiiuc «l.57

Soiublus 6.72

I —ry S —

htl = 100,00
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1.002

(b)‘;g;pk Linzstone (sp Toy)

(e)

It is very fincly crystalliw bluck eolourel lire-
st nc.

In thin scetim ruca'»f tro chiricters are st .8
th .t of (), O)lituﬁ owin; t» replacz.cat hwe logt thcir
orijinal strueturc ~ad sidw »mly 2 erystal ;.ogile »f
cilelte. Churcical tost purforicd saowed tavt it cunt iing

M in s:.A1l1 1 sunts,

Calerr.ous ©viltst ue nd Red Litcst.ac

Tac rol e lurcl crlearcous siltstone is very c.. p ct
il rese bles to thoe rol siltst e of uppe. rls., Tae
speelien fro.. T-hore villr 1a Lwdur shows s u.c Jdeteit il

frapcats of erleite anl ~ovoalsc.

® me varlctics ceontrin Poiiots, thy c.aerstiranry
bodics,y flattened pirallel £5 the bdedlin: nliwnes. Tho
pel cts are of red colour and cllingeidnl in shapc md the
Lo diviter of thuse riages £ror 0.3 t5 0.7 1. in hwnd

Sp\.Cil‘.“.c'ﬂ.

Yaler the - lerosevpe very rinut. <raiing of c:leity

-~

To fand s own roc tus in L fine sibrix of irom Hxids

ml cl~y (71 41),



Dot. itsl iriins: ,

Fin; ;riinai gqu-rtz but co:rscruthzg'c:léitc is
s~iotivs presents Mie : flkes present 1) no>t show wny pro-
forred ~rigntxtinn; Toursnline pleoschr-ic froo prle blue to

bluc ig fnd s inclusiyns within bi. er raids of quartz,.

Pellsts (sp Pg slide Pg)

Pollots of 31%ing ,id 1 stinne are f und 1a - . .trix
>f ecrlenrsous siltst ac. Those pallots shew e.aceacric r wta
lings with ltern~tin: 1uers of fine 'rhinel cl-oy wd c~leio..

Br-k.n picees of irrcular shipes ~re sertserel ia thc o oaund

ngs (Fi 41).

J.os (1904) deserib.1 tac forinti.n Lf thcse pollots
by " ... slia0 curront or waw. teti oo oa o fine roincd
proeinit «toV., Thac sizus »f those pollets is quite bis s
crorr, ety the wala r unl i-33. The 1iekx of sortin- s.. wn
by th. finer sroics tunns thet thcse sizes were ¢ rul tel wmd

deproited s f1lccules ~t the titwe »f Aopositi.n,

Gr v-wacke rocks

It sceurs s veins in rol siltst no strixin: -8,
This sct >f parral'.l veins (Fi+ 18), viry in thickness wd
S v 7uing piaches upwird., On we®:therin; this rock shows

por us tuxtur., nd c.ntains well rouided nuts »f licestone.

Tho roek is sreyish 'recl in e l.ur wnmid very fine

irainel. Anulwr chips of s e forein reck md spherical



nuts of 1i-cstone ~r. includu: within th. rock iiiss. On

. ) . .
weatherin: 1t shows p r.us toxturc.

. Unler tho mieryse po it. shows psculo=porphyritic
textursypacnserysts’ »f qu-rtz, feldsp r, tourniline, rincactite
nd various rock frw:muntsl)f quartzites, L.owest.nes and phyllite
The 1»rix c.asista of su.c fine ;raindd turbid o.ss of

cal.eits nd use vite (Fi:. 40).

fu otz

furrtz is the iost pred inwnt ~in.ral wnil osesurs in
7wl us shiip.s ~nd sizos., The 'r-ins r.o enerally ol oip
ty sub-r ualesl with 5. oth viar'ins.  Chlorite >ccurs‘ﬂs
Jecessinl vori-intor;r wth ia the qu:rtz. Chorts -nd

vleroerysteiline varictics ar. s...ti...s pr.oscnt.

|'13

ul’lSD e

gt

Fclispars ~ru ener ily quite frosh.,  Varictics perthit.
Ml v ieroeline are »ftun ~bserved. Ot'wr f.ldspars shw prly-

synthetic twiniin s but eneratly it is Ublitur-tod.

Tour -~linc:
Few rains of toHuri~line are present. It saows plou-

chr isr froi. yullow t) 4k c- ' ur, Individunl crystils :rc

reetnulare with rounlol 2liss ma trwersed by parill:l

cr cks.

:ck Fra wonts:

el g el D LY

Cryst-lline limust ne fraiw.onts r. VLY C Ul N
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$orosirus 1 portiun Of such fr-j.onts is c. .rsly crystalline
winille tac rust.of it is crysptcryst:illine. Cawonly c/wtin; .
Jf iron oxide . th. rims of lirestone is fouad,

-

i

Therz T ty)'V1rieﬁius ofv quartzites' fine or .incl nd
ci~rss r:ncl. I the evrrge viarioty crleiry us ritterinl
which h-s cryst~lidedl t cileits wd 1.1 ..ite his sorved s

voobrive

1

Payllit.s ! sh:l. fr:iiants r. vory fino rai . i.

i Fro-. ta. t.xtur:l wid wmin.7-1:ic .1 stuliLs ta. roex
falls si »ly in th. ext. ri.c f rwu.ckes But eoy-w-elic

s r ek with tuff co us atrix nd br a-at Wwut by sclii ol .

[N
(B

pr.c.ss¢s Or in Lthoer w rls thlir bed in; s uld be in por:1ll .-
lis~ with the ¢ untry 7 .ck. Une rowcnt walch could be

£ rward f£or0 suen + filld sceurconce is oo tanink of tao fillin
sf spen jLint olwmlsy suvltone usly wita o sedivent -tisa, by
Shc r ock frai.onts wnd fine jroincd rotrix coterialy but it
will not expl:in pinching of these veins,

SIDTI I TION

D.1.ites e cnerally rojrlc) t0 boe for el by
ropleeui it of linest n.. Renliwecc.ent iy tke plice in the
vavic wreat of depositi-n. In th. ~re~ the steticrophic
pursistanec of ;. my buds of 4.1..itic lincst acs, oxtondin:
wor rony squtre S ilcs indic it s thit the dslxitizrtim is tho

rosult Of ruocti n of linc-enrb nnte sodiients nd - boiring
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OQeryin; these linestones nre ths Lower Tal shilus
showing Y frultod md dise nfur.nble (?) cont-ct. Theoriti-
c1lly under ¢-nditi as of peneplition, little other thown innic
ani eulloidal :.xteri~ls sh uld bo reroved fron the 1:nd ares
nd roeh the basin of Avpnsitisn, Undur Such c.nditimns ir n
md silic~ : i:Ht h~ve nisrated wmd aecwulrted a2t £w urable
giteg t. fHor. churienl dopositcs »f chorty sh:.les. Thego cherty
dhnles w 1l then currusp nd o the relueing cnvir niiont of

aeposition,

Black sh:lus lyin: :b:ve chcrty varioty are co.pir:tive-
1y :ore alw:inous wd ¢.atain ‘r-.ins of othor 3frrital  :.iner-ls.
Upwarils the pr.porti ns o>f theso detrit~l :r-ing o . incre .-

sin; until they v .is int . rwclks of uppur T-ls.

The ¢ at.uuel lopostin in tho bisin rosulted in the
shnllow=ncss of tiac besin >f sodincat-ti-n, Taus oxidising
oavirmeat wuld h ve previilai, BSueh w:s the probrble n turc
of th. sedirent~ry brsin in waich th. ri:ck >f uppor Tals werc

1on 'sit.d,.

Uporer Tl quartzit.s are ;encerilly cu.rsc :riincd
e 2 wide rare Hf ordn size dAistribution. Tho co .rsc
T inol nature of the sedinents, wd tin ny r sortin: with
wialer srains is iadie-tive »f the sa:llow witer nature. It

1ls. su;_sts th:t the s.urce arcy of thesc gcedircnts was
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At very £or ~weye  The proscice of thia Ly ointw of iciweuous
;o t-rial in white quirhtzites ne-~r Jh-bhrrknet T.11 3ar .y be
attributed to the se:sontl chtnges roeproscating tiperiod Of
dry w:ter wacn the site »f deposition recceived 1iat @ ilce

p‘.I’tiClLSe (Fi‘,. l6)l

In siltst 1.3 2t 4Awvnllc ne~r Chillur's L.ie T.11
B~r ~rc¢ fiuni bels of intr:f>f;xtinnil ¢ n-lrerite (Fi; 18)
Those eml v.erat2s 1isnl v intric tely [£H1icd 1 wminac su ;) .gtin-
thit the 1cf r .Ati a occur-ed Auding or siortly fter lcptsiti n.

3

Suv=-r unds? reea catur.l friout s of siltst nes e ¢ bowledl

’

in r.1 eol ure? sittget ne. wuen ¢ a Ll oratues re jLackilly
t

fuad t ccecur in s " ow o oiriac onvier r.eats Wwasre reity
?

c.aas lid~t. . . t.rl 1, "re t rmoun by stra; wwoes ad

I

re=dep.cited in the soo vl Of asrly coatomyosrancous e,
Toricint.l e .l ursy rinole @ .rks (F%- 36), rayty ic boiliia ,

cud eracks (Fi: 17) nd P.llots (Fi- 41), all-t . thcr rc

su; ustive »f s lw w tor wml oxidizin, ¢ nliti a >f dcop siti
f r the Unncr Thls. The ndscnee »f f gsils in this are: tar)ws

S - tore licht o the e nditi ms of depssiti n. It is bolicvod
ta°% the onvir n ent of dup.siti-n ¢ ull art hwe baen thnt Hf
20w Ly, sh~ll.w nirrine wotors bee usc unders such c:nditi .as
sur'lefiat v roaic ratser cwull h ve bo.n incluled tHO roluce

the Lrn nd oliin~t. ta. red eol.ur.e fac rod ¢ -lour o>f tho

scl.ents cull nly hweoe been rotiincd under ¢ :nditi. ns Hf

suca r:pid deposition s t. pruveant the ¢ Lonizatiia of th,



b ttn: by riaals sy thus linitin: the quantity ¢ prble of
incorpovati a1y .the soil ents, The strn: ww. ~etl a waien

et wear on

)

frequenely prov~ils in sntllow woter or uecs
ovurythine that cnters ~al s» the fr.; .catry f.ssils rcsult

(Repnrted by wdea froo 5ille nd &£i;°%-arh).

PIdARLLIZATION T TS A3

RS
[o— ——

Mincraliz tin ia the weer 1ts tlen pliwee b.ta in tix
T-1ls ~nd the ar.ls w1l is ropresentel b Pyrite ~ad Barite.
Pyrit. is found b,ta ia the T1ls ~nl the e 1ls wiil. the
Barite is restrictol aly within upper oar 1 lit.cst.ne Of tais

ar.n. Pyrite ~nd 3 .rit. b th were stulitcl unlcer (ier sc po.

Pyrite f up»n.or (r 1 1i cst . is funl ia C ».ny
Kh~4 ‘n ir-oul-r veins -nl nac’icts wrhle . sisw pinch wnl
swcll (Fi: 25, 24)., OSnctiies » very thin sacet »f ypsw. is
funl n cither cile >f th, c.ncuatrtol pyrite, which .y

b f'rie¢l by the ~lt.rtin f c-leciw: > hist roicke.

Pyrite »f the lower Tils s f unl w8 s.211 lens:id

r..ssus in the bollin; pliacs but is not very widcly distributcd.
(Fi~ 21).

Pyritc in th. Uopoer T2l quartzites is £ unl ~s
si.uil pockets. Tacse «iinll poekets w. distributel at'rond o Ly,
3oy nl 3xa] b saiv nliceus luelizel pockets of pyrite
¢ ntainin: qu.rtz .f diffcrent canr-cter taw the quirtz >F

a-st rck is fund. A1 inlivi il p.cket s coti ss o welh
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1s ruch ~g 2 X s,

Micr sc'pic caracters:

Pyritc assei~tel wita Kroel lircstono under the

ore oticroscope shows the £ol1lowin g texturcss

‘ texture cesy s
(1) p rpayriticg 3&?? disserinttoel toextupe, (iii) isl n?

. o .
toxturc, (iv) c.llof.r. texture (v) pgul -.yickitic texsurc.

duher:l ;r-ins >f pyrite e dissa.intel ints » fine
sround 1oss of clere us shnles (Fi: 1., 42)., Inlividuil
cryst~ls hwve ro.rkably str:iht 2 :.ctric:l b:undrics. The
four sided cryst:ls ;cnertlly wpe r ~s squires (¢ a bu well
seun in thin sceti n) but triwm ulir crystils rc 1S0 CJ. SN
It 1s re.wrkable that the pyrite riins 4. not show ~ay
tenleney to £ ori. v:r.:atis but seour ns inlivilu-l crystils
in the jround :ass. Taey re .f unifor. size of (L,05 :-.).
Pyritec s a.cti: us hs ~lt.rel t . .ethite with which it s ws

¢ ulsi=n n? ¢.11lof . texture,

Pyritc of the Lower I-~ls shows ~ ;r.un >f Texturcss
(1) ¢ 11 fHrr: toxture, cock~do toxture, pscul,= yr.ckite
texturce, orulsi n tuxturc, c¢x.b texture, sontarin toxture wnd

p. warritic texturec.

Bijer crystals of pyrite s macn.erysts irc senerally
s cirtil with veins of quirtz. Alterition of pyrite into

cethite~hgs ;iven rige to 2 variety of sceondary tuxturcs
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entioncl ~bive. Pyrite 2t tho b.unlry with host 01 sh>lcs
shhws the benlin; >f the clew .  Square sinpel pscud oy ornh
of jvoctaite hwe intercuptel the eontinuity of these bent

clcwjes (Fi; 43),

Microyscunic cxx.inti.a >f Pyrite fr.. upper Tl
qurrtzites brings t. 1iht gio interestin; fotures. Tho

f-11lswin; textures ~re 1.an nt:

Con.unt texture, porrpayritic tuxturc, broeceitel

texture nd rirc wnd vein toxturs.

Pyritc in this c¢.sc deccurs :.ost e .. Jaly s co..eatia
roterial 90 quartz jrein (£i 46). quartz creins re Sf 2o
Acfinite shope ~nd sadw ¢ .. nly sub-r unle! b .unirics.

deiabouring ;rains sccas t) be esuntor p:rt >f sne unrther,

Por~:cncsiss

Fro the fiell chreter ad thae ..leroscopic stulils

°of thesey, ~ srobrble piryiensis ¢ be dcrivod.

Dissci.intel toexture with cuhodral Jrins of pyrite
brob :bly indic:tes tu tho porosity of tae shrlus which ;.verned
the ropl.cuent of the 1:tter by the foricr. Disserin:ted
pyrite in filld is found in the ii..cdi-te nelihbourhond of tn
¢ neentr o1 lensoid iiiss.s of its swn. Fiold nd iier sc.pic

cxplnined by
ch-racters iyl /Boll Fico dvinee Replice.ent (Fi: 19). Thus

the ¢ necontr-tel pyritc hrs rusulted fr... the continucd ;rowth
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'md ¢ ~loscence of innurcrablo boﬁﬁcrs.5f replcirent,
3ending of cl Wises 5f éhﬁlgs kLOWur,Twls) 1t the
r.ariin rﬂy be farlvd due to the s rowth Of pyrite, Replnco ont
f sa*lus by pyritc ¢an be ar-:ucl sn tho b:sis of elo DWWV
char~cter md the proscnec 3f psouda-ﬁorphs of pyrite into
oethite ns inturupti)ns in the ceontinuity Hf clew e, Thus
thoere is rensm ty believe thet there hri been ~ g1l fooiing
cnnnoel 1y which the sulphide s:lutions ewe nd beeyo

rccuiul~ted alon: the beddin' plwcs ~s sinll lensyid bordics.

Cuient tixture »f thoe pyritc >f Upoer T-1 qurrtzites
saows the roasl-co:.ong phens.enon. It 2ls) indictes thrt
quartz ;roing rust hwe been snes the only ..~jor c.nstitucnts
°f the quartzitus. Loter this rock would hwve been 1tt~cked
by up-risin; s luti.ns with - ;Tenter £ orec to disinteorate
1t nd nake nee :udrtion for thce: which sWe risc to pyritec.
Fow of the quartz sr~ins which w.uld hwe been subscquently
attcked in th irp 1nllv11u‘l capicity did not fully br.nk but
for:icd ~ hinge eriek nd the Jpenl sprce then secupicd by

pyrite,

If £t Upror T-1ls wer. 1cpositod under bxidigzin:
¢ niiti ng ~g tiey ~ppenr to boy the c.necpt of uprisin;
sulphidc s>luti.ns holis wode  This ¢ neupt is ~lso supportul

1f the rel-tive ;vin size of th host r.ek pyritc p.ckets b

tken into 1cc unts.
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Pyrite in n11 the thre. voric:ies show the sce .ni-ry

rcplocoi.ent by Hotiite,

BiiITE
LA ST

At the beinain; >f tiv Toari Road, (na-r ¢..pwy
Khhd) by the side of ti rod twd veins >f Barito ewm be Suully
e »f which is nonrly 6 c.. thick ni the >ther about 60 cii.
B>th velins arce nearly vertie~l wd strike due Ni-SW . The
thick vein wis traecl £or “bout threo furlon;s 1l.n; Cui.p ny
Khnde It is w rth moenti n thet this Khid is a1 n; a fiult
pline strikin; poroxiz ately N2-SW ad whieh brin;s Krels wl
I~1s in contret with ¢eh sthor, In the brhach .f this n:12
e Soruth ~ vein in scetin s :uch 25 100 . thick whs soun,
SHie smqll.packcts >f tle britc ¢~n be lict_1 near dyn-bor
dish Sch 1 wl below ary: S~tj in the nolr cuttin o, Very
tnin nd 1-crlized p ckots e~n be soun 2t the ;¢ »f Cl-re .unt
by the side >f the rowd. Birite N3 >f Laneor Lodc shows
pinchin; ~nd swellin: structuro. Brorite vein Jf 30 ers
thickness e be lue tel n the L-nd ur-Khtt~pni rule trick
nerr the entct between the Lower Tal shles nd the Upper

Kr 1 lircst no.

Barite is senernlly oliuve t. ¢uirse ;P iinel nld
is »f ilky ¢ lour. The 1 -in forturcs .f tais barite ¢n be

sw. orized s buluw,



(1)

(ii)

(iii)

(iv)

(v)

(vi)

—53~
The borits is restricted to Krol D (including E)
lirest ne nd is £ und in thc nciabourh:.d »f
the Krols wnd Tals contact. This contwet it
Tehri Road is a frultod ¢ mt-cte.

Irrcular veins cut o.ch other foriiing box-w rk

prttern.

Baritce is universally ss.eiated with Crleite wnd

. B 0
oftun the r~tio _Lfi_é varics within wide
€S04

lirits,

It 1 ¢s not show woll ~lter-~ti.ns. Pinch nd

Swell structurc is ¢ . "ne

Upoer Kr-l 1lircst ne (I) c:ntrins c.asider-ble
wount of dctrital bhrite, RYju nd Bhttiachhry:
(1962) hwe report.i tht thc ins luble resilucs
btained by disstlvin; Krol B lirncstone in 10%

Hel ¢ ntrins 90% brritc.

Cheiiierl analysis d.nc fro. one swiple shows the

following percentage of tac ingredients.

Crleiw. e 46%
B riuw. coe 44%
Loxd : cen 1.1%
Sulphur ces 7%

Ihpuritics
inclulin; Og  +e> 1.9%

Int2l = 100.0
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(vi) Spcecifie ;rwity of barite varlus botween

4,3 = 4.4,

(vii) Pyritc found in the neinbourhiod of these
barites show texturcs representrtive of ruplace-
rzent nhenor.enm.  But pyrites assoyciated with

baritc c¢~uld n>t be f.unil,.

It is ;oncr~lly considerc! that the barite is foried
froi: hot s:lutions, But herc in this chsc thoe 1nck of wall
altertion -f liri.st ne - 2 ust suscuptible rock to hot
salutions, ~nd the abscnce of ~ny cessentinlly hydrotherizal
rinernal in the barite nssocixwtion rmkes the prabler caplieated.
The »>nly i:noc.us body of any si;nific-nt v-lues arce the tr ns-
:ressive sills in the Krl-D limestones but thesc are loc~tol
at sueh 1 1:n. dist-onee fror the barite vein that the.r jenctic
rcl tionship ¢m be drubted. Further thesc intruaives thoush
h~ve penetratel in linostones but coull not levelop any hydro-

therrinl deposit in the near vicinity.

Baritc his been report.! fro. various oxidation
z.ncse  Zuffardi and Solvadori (1964) believe that there is
s>1i1 s>lution between the barite wnd the an;lesite. They
su’ cested this orisin for the barite of Mantercechins Mincse.
Zuff-rdi ¢ mncludel that the Baritec in this arc2 is of supef-
enc ori~in ~nd it was deporsitel by pereslatin: round water

s lutions which 2y hxwe br.uht barite form some other s-urccs
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If R2ju anl Bhrttchary:'s results of 90% of
1otrital brrite in the rcesiluc, ar. correet then the b.ve

senesis e¢wn be applicible to sy oxtent in the wove proble.

s mentioned previsusly that pyrites unicr tha
nicroscope shows texturc typlerl of hy 1z therr.al replcoronts
Sun11 veins of pyrite w2 its lissci:initions arc located in
tho sare ntla cuttin; where Barite vein is founl, Furthur
simificant is the fact th-t barite veins tend t2 scecur in the
ne~r vieinity of the Kr.l=Tal contrct, wilch in cul.pony nhnd

is fwlted onc.

T5 agsi:n y particulzr oriin to these boritc is 2
ratter of further stulics. Systamatic sxu.nlin; of linestonos
n_~r the barite vein nd their chorienl nl ticroscopic cxnii-

n~tins riay throw liht -n its ;cncesise

Zc nor.ies:

A systematic estinmntion of the total roeserve Loy
nrobobly inlicate its feasibility for cc noitic ¢xnloitatinn.
If profitable rescrves are proved other requircients for
exnloitation sueh 13s labour, roads for transportation, Power

! Water ete, arce within casy rc-ch.
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LANDSLI 235

1. TZRAL GEOLOGICAL AND TOPOGRAPHICAL SET UP ¢

k]
£

rom the view point of landslides the Unper Tal
siltstones and quartzites are least susceptible. The massive
Krol limestone forﬁétions arc fairly safe thouzh the slopcs

ar: rugged with ocassional lindslips. The shales of Lower Tals
mnd fissile varistics of siltstonce and quiwrtzites of Uvper Tils,

are the nost susceptibfﬁ :nd percnaiil landslides are nurerous.

Landslides arc cnerally frequent on Tehri Road and
particularly in the vicinity of Wood-stock School. ®pecial
c::phasis hns bDeen liid on the study of that part of Tehri Road
which lics within the Municip:l linits of Mussoorie HNo najor

landslide is scen tuough occrssionally 3 fuw landslips levelop
Soon ifter the rains., For proper 2nnreciation of the lwndslide

phenomenon in the arca weiker plwmes were stulied anl their po-
ssible ¢ff.ct n the futurc 1%nd§liias Mmticinnted.

Betweon Ivy Cotirze nnd Jhab:rkhet Toll Bar on
Tchri Rond the rock tyve is dorintntly shiles of Lower Tal
wnich -hve an avernge dip of 15°=30° in the dircetion N3
with bedilng planes only 6 erms part At the Krol-Tal contact and
furth_r widcly spaced in the rogions near the 1-ndslides. .Tho
slopes on 2 averhze are inclined 509-55° towards the road

which trenis S-W, with thc adjoinin; hills as niszh as 300 metors



.7
fror the lowest b.d lovel of the nil: wnd newrly 150 noetoers
1bove the road level., The joint pl-ncs Arc often prosent
but not vory closcly sprcuds. Throe scts of mnjor joints woere

notcd,.

J1 =~ Vurtic 1, strizin; NE-S4
Jo = Dinpin; 50° -- 55° ia ~ dir.ction N3

J3 = Diosoin; 50° — ia » dircetion SW.

The Lower T-1 sn~l. wailcn .r. c:rbon-:ccous wmd
siliccous ia the lower port ;riics upw:rls into nore ircnico-
ous typc. The bl ex c-loar.d sanlos oo quite comp et when fr.sa
but rc trwers.l by very thin cileite infiilias walea h we
leveloped 1o thc joint plwacs.  Wlon; thcse wek pl als,
lenching of pyrite hns also tken pleucc, witih the prob-bility
of its dceoupositiosn products roreting >a the hydroc:rbons of

the c~rbyn-ccous sh-lcs.

The Lower T2l sh-les here re cl-d with dcasc
vijetation of trioes loenlly Known s Banj wd Chir (Pinc),
th: r »ts >f waich penctrite deep into the s:1id rock tarougi
the J int pl-ncus. The rock is cov_red with 1 thin bl nkcet of top

so1il waleh varics in thickness from place tu plic..
2. DISCJSSION

There is o sin ul.r ¢ usce of lwnidsliics ia tris

rcii.a but » nuabor o>f ficturs to-:otier couse tho lnisglidus.,
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The r cks acar ta. sceond majosr bond on Teari dord
~r. very closcly -inte? wd intenscely sacarcd.  The bedding
ploncs ~rc 25cms to 35cms 1prb nd rocks are riore argillhelous
mnd ¢ rbonnectus., It is owin; t. the 1local thrusts wd joints
thot lincs of movenent howe level.pod 2lon; which shhttoring
nd grindin; of the rock hus t-kon ploce. The following
nsencics Yncar to be nrialy roesp asible for the looscain of

stratn,

(i) VAGSTATION =  As noati.acd ¢rrlicr tho Lower D1

sa~les supn.rt dease vectti g wa.se roots Lxteal
int the j.int plw:nis. T oxnwmsive f.re.s cxertod
by thcsc crusc the opening up of the j.int ploncs
with ultin-~te dis~sre; ti a. They ~re furthor
“i1e’ by biocheizicrl netl a resultin; ia thae rot.r
1>»scning  f the strta 1l subscquent lev 1opr.ont
>f 1wnislilcs = lubricnti a by water durin; r-iny

SSNS Ml

(11)CLIMATE -~
(1) Acti.a »f Wrter ¢ Thac elintte is hwiil
for ioost prrt Hf the yoir ~nd s> riiaf-ll
is very ncwy. The percolrtin: rain
Walers tareu 2 the joint plin s cwuscs
avC ip.sition Uf iren pyrites wml foriin-
tin f rellic soluti ms. In viecw »f tho

Ups t.wrrls the 2ills, the rciul wtol
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watirs will be ¢ ntinsl iasidc anl po-¢h the
uwnlcrlying 1.1.04t8¢ uicstoacs 22 Xr.1 D mi B
stasc. If this proccss is jcmzl b5 hwe with-
stnl 1,y th. solutim cavatices coull be

cxisting bolow,

When lubrication by water vereones thc
c;offieicat »f friction »f worthered product-1wp
¢layy 1ndsliles c¢.ul? seeur in vi_w of the
faviurable slop.s. The erefficicnt of frietion of
wot ¢l-ys is bout 1.0y corresponling t n wle
of ruposc of 45°, Slippin. is furticr 2ccuntu-te’
by lcpssitisn of thin elay binls, lerive! by
pereolating weters froo. the overlying ar;ill-ccous

siltst ncs at tho contet with tho sn:le§ bels.

(b) PFrost Action: Ais the .- «Xpericaces seassionil
snowfall luria; winter, thae iaevitible offcets of
frost actizn ar. oxpericiaecl, The rscks bein;

Al hly § inte 'y, i frost 2eti.a wica tho watcer
in the jrints freczeg wn? Xpnls in volunc,
This cxp~asi.a further Aclps in ths 1soscaing of
tac j Ants = lrcaly Affiet. ” by witer ~ecti.n

uria’ the precolling r-iny .. nthe

(11i) TOPOGRAWPI’ AND STRUCTUI AL F.CTORS:

e

Ads lrs Ay cooatiael, th. sl pus sa tie sile of

the Tuari r v e 50° i1 o S uthw->. 1 'irceti A with the



1ip of beds being 16 to 30° in » dirccti»a NE. Thore is
2 dninnt factor, the dippin, >f the jorint pl-nc in the sme

dircetion as the slopc of the hill with practically ths sao
inclinati ne. This woull bo the duninawnt factor in initi~ting

the lanislides particularly as the rocks arc closcly jointcd in
other dircetion as well. The fracturcd r.ck will thus be sus
ceptible to landslide by itself and more so when aided by

otheor factors alrc~ly cnuricratcd. The joints arc steoply
iinoin; than the belling plines wnd wruld result in the forna-

tim of wedies of various size and shapces.

In vicw of tie forcessing, it woull apne~r that tho
hill slopos ot Tchri Rosd at placcs are quitc prooe to lwmi-
slide in futurc ~ls>., In fict, s.ric of tine slides arc lrunly
perecnaial and offur';rcat hnzards. Preventive neasurc c. e
construction of rctainin-; wnlls, ddngg- scon to offer any
peri.anent rc.cdy and the road is taus not usablc during the
ralny scison. At plices, the rond has 21lready sunk and ncw

aliynuents arc siven after cach major lmndslide.
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Zarthquakes are sudden noveneats due to Volcanice

or Tectonic processes. Earthquike which gener .lly occur
in re. ions of mniarked instibility of tae crst are often
regnonsible for great dan.ie and destruction to life and

property.

A larze nuwber of earthquikcs nave occurred around

Mussoorie and neigzhoourini rejions in tne Jortiasrn parts

&
of India, and Table X 7ives somec of tae important ear ngqukes

oceurred in the rezion during the last two centruries. 1In
the G-rawal=-Kurion eartaquike of 1803, two hundred to thre-
hund ~ed lives were lost with zre:t damrje to the builldinis.
In 1809 another stron; earthquike ia Garhw~nl blocked the
Vishnu Ganga river. Nussoorie-Sinmla area experienced 2
severe earthquake in 1842, walch caused destruction of
houses. In 1843 there was 232in a sharp eirtaquike in
Musssorie (Londour area) which was felt upto Meerut and

Delni.

In the prasent ceatury 2 devastatiag earthquake
occurred in 1905 at Xnzra. D.ring this Lan;ra c¢arthquike,

+ gecondiry enicentral tract with an intensity of isoseisnil 8
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(Rossi-Forfel Sc1l¢) w's observed ia lMussoorie and Dehra

Dun ar-a (1200 sq. miles). The aancra-e2rthquake wis res-
ponsible for great destruction to life ad property in the
Kan;ira Velley, Dh2rirshala and the hiily tracts of Mindi
md {ulu. Considerable damage 2lso occurr.d at Dehra Dun
Yussonrie, Chikrata and other towns. The done of the
Roorkee University buildin; was daniged and had to be re-
built. Cracks in buildin:s and other minor dan:ige was noted
in Lahore, .amritsar, Julluadur and Sahirainpur. .S nucia 2as

20,000 auman beiags are estimitid to have perished.

In 1937 11 exrthquake with its epicenter at
U.P. .limacn2l Pridesia Bord:r was very stron:ly felt in
Dchr: Dun and amb~l: 2ad stron’ly in liussourie and Roorkec,

0 record of da23e to property or life is =wail -ble,

Local enguiries saow tiant neople in tae eastern
parts of lfussoorie i.e. Landour irea expericacc moderately
stronz saocks frequently durin; the present times. Dovelop-
nent of cracks in the buildings near Ledar villaze was
1lso report-d. The shocks are rore frequent during t e

1.011800Nn scigsons.

T3CICHIC FRAM3 WORK:

FKussooric is locaited in the lesser Himalayas



within the Krol Belt. The Hiﬁalayan belt swows the prusence
of several thrﬁst nlanes aloag wiilelr slices of crust have
roved coasiderable distaneces i1 order 0 a1djust themselves to
the compressive forces. Jutogi, Cnail,y Giri and J{rol
thrusts, and ilain Bouadry fault have been established ia the
neighbouring Sinl2x area (Fig 3). arol thrust and the lain
3oundry F2ult oa t.e east are aotad in the Delir: Dun and
Tehri Garhwa™ regionsy where Garhwal napne hais thrusted over

the Krol Belt (Fiz 4),

The isoseisiials of the KLangra e rtiaquake show
1 4 =53 e"liptical trend pir-llel to tiue Him2liyn structural
2lignrent of the hills., The isoseisi.als show 2 gradational
dceline towards the south=-castern dircction. .as a couasaquence
of thc 1905 cirtaquake Dehra Duar rose 5.26" relztive to
llussooric and tials ~moveient of tae southern triet 2aonears
to hawve extended fron the nain epicentral track along the

a1han and Xrol thrusts,

The sectonic sequence as worked out by .uden

(1951) and later modified by Mecata (1962) a3t Jamuna Hydel

site is given as follows:~
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If the rezion:l 7eclogic ]l map (fi:; 27) is se:n it

will be f~nd tazt Yertiary formatlous i1 parts of the Puaj b,

3.P. and U P. (Dehra Dun),

occur 1s two larjes, rou aly cresceat-

sazned e bumonts of sedirnent~ry rocks v.und:d by the Pre-

Tertiary formiitions of sub-Iininlay: of Jorthern Indial.



According %o Xrismnswrly (1962) tuwsa tectonienrlly ealled
"pe-eatran’.s" becruse of their inflcetions are the nain

sources which caused the e:rthquake of 19056.

The erccentric nargin of tie Kangra re-entrant
extends alon3 the arc for 3 total distuce of some 80 niles,
with 2 chord distance of anproximately 60 niles. he
Dehpr2 Dun re-entrant spreads over an area of some 7,500 sq.
nil 8 and the crusentric nrr:in of this e: bayi.ent extends
1long the are for 1 total distince of 70 :.iles and along
the chord for 2 total distanee of 60 miless The relative
dimensions of the X-azra xad Deiara Dua re=-e.trant provbably
indicate the relative iw:xznitude of tie inflection and
coipressiosa i1 plan sufferred hy the two areas, the former
one buing co..pressed .iorec than that of beara Pun. Iais
indieates tazt there are pos:-ibilitiss of 1ecwml :tion of
teetonle strain and thdr rele~se in future eitier in the

form of regularly felt ninor shocks or s e earthquakes,

Local enquiiries m:2ic¢ in Musszoorie indiecate that
the shoeks ars often felt within the Li.dour area nde
up of T2l formations. These shocks appear to be due to
local disturbances 2:d are probably due to col’ipse of
linestone caverns in the Krols ilong the Ial-Krol junction

of due to thrusting and slippage along the Krol-Tal contact,
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1lonz walch novencnts anneir to have occurred as discussed

in Chipter III..

POSSIBILITY OF FUIURS B RTINS

The foré-going discussions indicate t1w
Mussooriec is 2 scilsuilc 2r.a.  Krol thrust, tie Groat
Boundry Fault and the Xrol-Tal contact are the wain active
zones in and around the arer. 4 #ecent f .ult of considerable
displ-ce..ent loeated at the Krol-T2l cont et indicates %o %he
seisnic activity of this ares. Therce is a0 rezulrr periodi-
city of the rmrjor exrthgu-kes i tils rejion thaouzl minor

shocks anicar alpost in every moasoon.

o 1hrije exrthquikes awe occursed L the are i
thoura ninor shocis have be a folt wmd oceur frogqueatly,
The nwxirun felt inteasity 2t Jusso.ric wrs 8 (Kossy for/el
sc:le).. Thus it cwm be szfoly assw.ed tht no 2arthquike
t2 produce w1 inteasity mere thon 8 (Rossy Forfel) will occur
in tac arca ia the near future. However this may be quite
catistrophic for the builldings loc ted on slopes ind other
unstvle 2rees.  Thercfore buildin:s shwoull be desi ed
properly to resist these forees i1ad the stiility of the

!

slopts should be cvaluated cirefully.

- - XXX ---
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