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P R F A C 

The dissertation presents a concise '1ccount of 

tae field and 1-ibor.~tory investigations carried out during the 

session 1965-1966, on the Northern and F astern parts of Nussoorie 

Hills. The wort: was done under a sc 7erio jointly sponsored by 

the Departrient of Geology and GCo1Dnysics .nd the School of 

Research and Training in : arthqu:ke 'jngineering with tho object 

of evaluation of Geology id the sOisrricity of the Dehra Dun- 

u oorie region. The cnti-e iron was divLdod into fo'ir s::ctors 

-.rd JO T.ch sector was assigned sepori._c 1y to t:c present wr? to r 

and. co11..oag :s Sri Gop^lj i Sin h 9 Sri S.M. S,{1apaka and 

Sri P.'., i. J'~ Lots:. 

It has boon unduav-:~urod to incl adc L. v%ic io'rt nt 
end useful infor.i.ations aysil -iblu but their pr.;so.t iti on is 

subjected to the liuita~ions set by tiuc. It is hopoJ th:a' 

further invostig-it ions in the area wi".l unraval tiro unsolved 
cor.ploxit ie s. 

(BrNP NDR SI1TGH) 
Div Artuent of Geology -._Id Geophysics 

rW.ri~rursity of Roorko0. 
Rourke,: . 



.ICK:V0 WLDGu~f E 1 

Writer's thanks are due to Dr. R.S. Mithal, Professor 

and Head, Department of Geology nd Geophysics, for providing 

all the possible facilities and encouragement throughout the 

work. 

Writer wishes to .ac_cnowlcd- ii his gratefulness to 

Dr. Jai Krishna, Director, School of Research and Training in 

Earthquake n:gine:ring, Reorkee University for organizing the 

scheme and providing financi tl hcp. 

A word of person it appreciation is due to Dr.:C. ,t. Singh, 
Reader, Department of Geology and Geophysics, Ro~r'cee University, 

for the privilege of anrivt ied guid-::nco i both La laboratory 

and field, and his constant enccur-.~ _m.::, t in prepari ,ig this 
account, amidst his many-fold duties. 

Writer is greatly indeb ;;ed to Sri R.. Ckaturvedi, 

Lecturer, Department of Geology and Geophysics, for his kind 

help in field, laboratory, photography and in so many other 

ways dif°icult to list hero. 

Writer is grateful to his colleagues Gopalj i ,-ingh and 
S.!,:. Salapaka for their hospitable attitude during the field 
we rk. 

~Iriter feels pleasure in expressing his thanks to 



Sri Gangadharany Drau;htsr:  In Ind to Sri "-t. C. Punj 9  Section 

Cutter, without whose help it would have been very difficult 

to bring the dissertation in its present form.- 

Last but not th3 least r.:y thanks are due to Sri 

Deen Day l for typing the dissertation work within a very 

short time. 

(.3 JP NDR:. 3l.1GH) 

Depart.:ient of Geology and Geophysics 
University of Hoorkee 

:-coorkee. 



LOCATION MAP 

t i (. 

25 

20 

p 	1 	z MILES 

'LV~O V9,Q RO~4~ 

PREP INVESTI619TED 

a 



v 

1 D a T R . C T 

The area, co.,prising of ;lortharn and :5-.stern 

parts of :.ussoorie is represented br he for.:rations of the 

Upper Krol series and the Tal series. Upper Krols are 

ainly exposed on the ;astern roost and Western side of the 

allotted area, gtructurilly it represents the core of the 

vain ,ussoorte syncline running iIW-33. 

7p Der Krols are generally linestones 9 intercal t'ri 

with sr~~IL's inv -:rious colours in the lower p .rt and porcella- 

neous li:.iestones in the up.;er pats 	she porcellaneous 

livastone is ;en:r illy :..icrocrystalline snd of creal..t colour 

and pbablyr cor'csponds to the Tirol : st-tge of the type 

area. The intcrc it itd. Prey colour-,d li~7estone is Fine 

grained to :.lediu;. graine°i an often c ilcite and zra;onite 

have fors.:d in the 	civities. Those liilestones show 

various types of' de for, :,it ions on t h,: I au .pty f 11 Road. 

The liiaestones delo:'.it is i ; cor.position hxv'e `f,)r,led by reL 
ceu:ent of lino-rocks. These are Generally devoid of foss .1:, 
taour;h sane doubtful al al structures were wLtnessed. 

OverlyinS, the Krols is the Tal series. The 

Th' sori s is represented by sii'les of various varieties 

e. 	caLc aroous, carbonaceous, siliceous and arenaceous in -,, ju 
lows parts.The lower Tals ;ride upwzrd into red sltstons 

puartzi tes of shallow w z,4r Uri in ropresentin ; Tapper his. Tr. 



Lip nor '"1s soet i.:Ls ire fond v,: -n iiko .: i.s:.es of gr -y-

watcke rock, showing cross-cutting r~.l•.tion with the host 

siltstone rock. This Cray-w..ckc contains fragrients of 

various other rock typos found in the arca.. 

iiiner ,~.7.ization in 	area is representd by 

barite and pyrit.. Occucroncc of barite in veins in the 

Upper Krol lines±ones is diseovzrcd for tae first tiiac from 

this area. One :.i~jar barite vein runs 	rai1e1 to a fault 

p l .no running rou, hly N1-L. 

Pyrita fro:. L' :c, rol: 	tint :'n is occuring as 

thin veins an-i enccs were t•a-.died in .ct zil under tae 

oro ::icroscop 	crti., n t_Y'. ,ros of ty~ic .1 bydrothoru.? 

o i a z 

 

woe o, rsa, 	;he a 	d1us 	d - c,tho 	J. 

ct; vitzT u- i:io iron i 	ost::1.. i. 

_pro, -T l.1 eon 	is 	ult:(2; 1. 	o:°: u  

Tohri Ro d. 2hi: cont act is unor i tly rcg .irdcd as dis-

c .nforuab1e, but tho iriv cti~ ,tions in the present :-,rea 

sho •'.:d tho possibiliti . s of its boing a t.,ctonic contact. 

Landslides Landslides i.i tai;, Arc Flo _.erluent end o nor ilty 

confined to s .'1les of the T 	,, i L This phenomenon in 

this part is generally pover;1~d by the slopes, structure, 



cliff ato and tho rock co .positon.. 

The area is se is.. is ind t ho ::inor stocks 

are fr~que.it. Coata.;se of possible under groucid caves :.zay 

be a cause to those fru quont _.incr shocks, 
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C:.7s:PT R T 

IN TRODTJ CT ION 

T,nr~t'i )n 

The area unler investi t io lies u idly forth 

tnd i, 1st of Mu.ssooric:. the rugion covers' z rua of nearly 

12 Sq. ..ilos lyin; botwe.;n tine p-. - Lllels of 300 27' U" 

and 300 29' 06" ,Torth 1ni the :.ioridi Ins 78° ' 33" and 

780 91 2751 E:sty aru'nd ::usE,o)ric. The aroz is aepictod o_i 

the TDpo sit -ot 53 L 	id is situ itc '. at a hei-ht of 6400I 

above me ?n set lovel. 4'icst-u .strly -. strech frc..: Library 

on he Mall l'o .d to asr to z 0_1 no l'uhri Ro-.d (~l ~p 1) 

fixes the Southern 1i..~it of thu ~.r~ ~. G:1 the Jort~,Icrn 

side it extends upto Lud :r vi'_1_a, e. l.ussouric is .a 

iriportalt hill station of Ut`i.r Pradesh iad is c.jn:iectud 
an 

withLall weather :petalled rod to Dehrz Dun. 

C1 ir: at e 

The aria enjoys a pie sant el :ate during S_:ri:er 

(.:pri1 ti July) and severe cold Burin 	winter (Tovo bor to 

I arch) . the average to, .p r 'turn during s,-_L...ers is around 

25° C and duri:lg winters is about - 5°C. 3_row f ills 

duriti winter se .son are co,.,. .on. T:1(: average annual rainf all 
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is about 220 c::s (nearly 	0U) to 300 c::s (nearly .120") and 

.costly c -)nfinod between July -.a:d 3epto:..ber. Often preco.Aing 

or suecedinr the r -:Lis t;1e at...•)s,)hore beco::es cloudy, 

causing a. poor visibility, so ;etios as low is thre . :::etors. 

Topo"'r :pL 

The are -, is z r ;cl tr wt, r_: do up entirely 
of ::.puntai.is. £h se :.Dun .ai.is ;1 :ve thit tops La thu Seuth 

of the ar_a and slops steiy .i,orth-w .rdis iad So ,tL1-w .rds. 
This Southern 1:.; .r in of the :re -i is .' ado up oft ro :aiz 

:ills. The topoE,r zphy is ...ily ;ovorned by the structur„ 

rnl thu rock co,)ositi ,n L, this reiu:., 

(i) If a tr .vrse .fro:. J1sst to East boo :_.-,de 

it wi'_.l be fjun:i that the hill first encountered tru.:ds 
rou ;hly i -S and has its '.1i ; l̀ost 3 ,int Gun hill (7G2,;') . 

(ii) East-wards next :h==1 h.vl; its 'ii hest paint 
La1 fi'bba (7459') has a re- ional trend of 	Li this 
hill the slope of the :1E side contLiues for re ator du th 
(vL 't is al fall fro:: top 20001 ) while slope on the bd side 
dies re i itively soon. 

(iii) Further Fist-w.',_d the hill with Deo U 
Diiin (Deo Ka Tibb i 76991 ) as t:ue highest point trends partly 



L-W •and partly NE-S1. 

(iv) There ire no lon; strec:hos of level ground 

except those of r xi n ide plvin ; rou.id and few agricultural 

fields. Thera are nu:'oer of cul..i.i ltin.7 ooints, from 1:iicj1 

:.din ri i es and side spurs witn i terviin~ str a:s 2 

stre ?: _lets , 7d w ~.t cr c 1ursos ;row fro_.. jn 	z ~t:l:r like 

the brazchles of a tree. The: str.; ...s arc in youthful st ;e of 
their devolo :,L,n t aid so no ter-, .ce deposits of any si ni-

f ic~.nt t_,ic_cness La .ve fori.ied. 

(v) ions :. '.de up of r ? D .,.nd E li..usto yes 
h ~vo a very undul tin, tpo ;r p iy .:1J t' .c osc :r)nr1ts arc 
very co. ion. 	the slopes .rc ;osier .' -y b .re, but so..~eti::..;s 

sr:all bushes scattered pore %nd ther) c.1 be se ,n. Those 

dc?lo:.itic li:.lestone bodies on wo any in st lnd out very 
pro::ino;;tly ,iviz; rise to a ruged scenery and b-.rren 

ctif°s. The we.a h.;rod rock surf :c -.s look like elephant 
s'cin when viewol fro,: a list ,.nca. 3i::.11 caves sc.:e ;1ies 
Ire also prosont. 

hc: sh'lus h'iin ? thin Soil cover 1:) .i gently  
.tin' hills dot ,e5 witn for ;s ~s =id i rice Ltur a 1,nds 

,uartzitos for:: very step slopes, so_ eti_:os oven vertical 
and ri.silia; n zy rooters vertis illy. It is •;oneraily in 



quartzites tl-i t the hi;Zcst points of tau ara are loc-.-

ted ( ap 1 = .zd 3) . 

lie a_._o rj ho to 

Under the mflu~._Jce of v arijus ;e -ts of de iu-

dation such as :wavy rains, s ,owf ills 7 wide: r uno of 

to: por tture dif'cr..:ce dui in d .a end li ,;ht t iule , the rock 

:aner ;ls are either disi_ztJ r :tod or Jecei::.posed. 

(i) The li .osto_.os are easily s-, luble in w ,ter 

:id thus t zke 	ito sylution. - he steep 

slepe;s 9 z ad in hand, with :z:-vy r --inf ills 

Li jointoJ li:,.-st.)ne :.sses c l.uso rapid 

1enud :tion a:i1 q pick re:. cv ii of he 

r ater~ a1, le ivLZ Behind b_•.re '._ount" in 

hills i.i. slopes. 	CI -."'Its ,:3ach :gill forms 

ty')ical landsc-.pe in Ii. steno. The 

c )11pse of solution cavities forlaed alon 

the joint )lanes ulti:a .tel ' result L1 the 

origin of caves (ri . 5). 

(ii) Lnndscip,; La the shales, which oc.:upies the 

E tstern silo of the a:u a. is char cterized 

by less un.iulatin; hills. 2hoso shll~s 



ire well bedded :end ,.t sore pl-tcis car c.ahceous 

miso, thus very susceptible to weathering .;e.ici .s: 

The water ibsorbin', character of these sh?les 

aido a by vet ation results in frequent landslides 

on Tehri no .d, particularly wre these are ;,;ore 

r n Aceous 	d carbon ,ceous. i he _vy load of 

r )c'k debris of shales is bro .;ht by tae perennial 

stro?~-.s. 

(iv) ,~u artzit s are ;enerally les 'hos,Ditable to the 

we athcrin,:; a;LnciLs, except 	they Ire 
ho'_.v _ly j ointoI . 3i; blocks of various cubic 

fe.,t is v_' w.0 with shmrp straiiit ed es c 

w .th t:1.; sru i. loaJ. 

-alloys: 

Both erosional Lad toc I-o_iic v l_oys s.re present in 
the -ar a. 

(i) A rj ,dily roconiz a'.blo tecttj iic vaLey is the 

Co, p m T :h ti. which fellows th..: strike of a recent 

fault.  :ihaksi i.na Khml p issi_1• through Tonct a 

Forest, in the vicinity o f t o nrol-i al contact+ 

+So Chapter III 



runs parallel to it. This KLa ksiana KL'l 

is a to itudinal stro 3L flowing ;orth-Westerly 

p :r_allel to the ;.:ount-.in strike (Map 2). 

Pat.zl G .d, 	ha1- on the .lorth-E st 

lir.b of tken:Ljor syncline üso runs North-

westerly, in the vicinity of tae Krol-Ta1 

contact. Both Pat a,l G,-1 ;nd Khaksiana Kt~a1a 

meets North-war-1 in to :.filar Nadi. 

(ii)With the exception of above uenzti:ned vall.;ys 

there are nur_.bor of erosional valleys. The 

curve of erosion of those v 3.li eys, which are 

in the youthful st ;. ;e of their development are 

,ost irro,ula_ and abounds in many equalities. 

These erosional valleys for -a fire^.ter part of 

their course arc lon;itudin-.l, hut sonotirae s 

adopt transverse courses .lso. 

GeoL:orphological y the area is in the 

initial st Se of its devei op::,ont. Donud•-tion 

is extensive ::end the sire z. s are deepening 

their c -urses with a V-shaped valley. 



_.7.-. 

Dr^ in i' o Pattern: 

There ?r_, two E i w-ter divid.;s (i) r°~..izin~; 
st-i1est end (ii) subsidiary w :Lcr divide rua_iing 	-JS. 

J'onber of streams and innuner ible rills, present a very 
typic ^.1 study of ;eo :orp:moloy, 	of the tributri us 
for,.. a 	-SW pattern i.e. porpolidicul tir to the trend of the 
synclinal axis. 	The nu.:bor of streams e :cram fro:.1 the 
xial p art are: coi..parativoly fow. It is the mxi^1 part 

of the river, in the vici pity of which two sots of strc -..s 
with i:'.itial down st_`e :.l..s duo :iL :nJ S:J ori~ inte. 

c7 - pined picture of alb these sror.as will sow a Sub-2_jl1is 
Drain -re e Pattern, Characteristic of strop, ly f 'lded and 

Mai 
highly dig ~ing rocks (fit 2.) . 

Springs: 

Springs in the aro z. are very fora and ;_1 ii,lly confined, 
to shales on the Landour Kh^tt -tpan .fo..)t-trick. Small 
intort.:ittent streams occur aeon,; hill sides where sE zll 

n -1 :s have cut ;ullics below ;round w .tor level.. These stree;:s 

show fluctuation with thi r :in-fall. Carbon '.ceous beds 
on I'ehri Road are enur rally moist and at p1 .cos water scamps 
out of t hc... 

7 t ;u .ti gin; 

The flora is c:1aracturistic of cold humid ihilLy 



type of vo atttion. There ar„ v ~rictios of l~nts. The 

nature of the flora is :_, -.rked by the altitude and the 

litholo tic .I differences of the surf ace rocks. The 

fo llowin , are t hog rain type of plants: 

Deodar (Pi_us loi: ifdi•a and Cedrus deodar.i) 

Maples (..cer pictvL:.aad :.car oblonat:) 3irch (Butula 

ac t-.inata), Banj (ruorcus inc ma), t.arshu (Quercus SeLlicar-

pifolia) tilonj (Quercus ail .tat ) 9 r _ i_ij ( uorcus l inui-
nosa) and Rhodo-fandron. 

Co::+ : on fruit tr.. s are o Cii„stnut, Kaphaal, 
ch.,r:y, Medlar, ,,lples, Pc mchos 9 plu:.. q ft, ..pricot 9 and 
31 ac'cb oo-~r y. Flowers arc i.' so c :.only sown in the 	zrdL°is 
and private bun lows. 

Ii°mrdiy 5,a of the ^r.a for...s cultivati 1^_.lris. 

Orrl the hill slopes and occ ;ssional'..y oa the li:_.ited flat 

floor of the valleys, ter 'ace f•:,r:..in; is done. 7o etabl..s, 

potato and LImize are the e :.::..on crops. the cultivated 

fields are mainly confined to shales. 

The litiholo is ,l contrast h-ms controlled the 
;r_)wtlz in.J d nsity of pl .nts Li z Lparticu1 r are.; x. 	The 
sl:op„s on tie shales :r.;3 cl >thtjd with ': t :i :; dense ;rowth 
of forest ve~ot,tion 9 I,ahzilo the civartzitus and linostones 



(except those of Col's b ~.ck Rod nd Public G.-,rden Rod) 

are too preciptious and b.re (Fig 26 .nd 27) . The sc )arty 

vo,_ of-ttio-a in limestones is due less to the 2bsence of soil 

than to the lack of water, Rich as is the r infall the 

w ;ter quickoly disa 	rs either ilong the slopes in the 

nulas or into the rgck pass via joints and fissur.s, where 

it transfers its circul tion an i. a part of its geologic 

action to the interior of tho nount lin is  s. 

a,e 
2uartzi`;es 7 iuvoid of ny soil cov„r and ar. 

very sczrc„ly vo;etatcd. 

Alt Ltude plays an iriport ant role in governing the 

kin  of plants. ;t higher zltitules within the shies Pine 

trees hwo grown, wLiile t lower lovcls 	plcs ( :cur piituz_.) 

and B inj (~uercus inc wn 1.) 2. 'o t'le co.. uIi v :trio;ty. Sc1 les 

weather easily for.: ing a soil cover 2nd i ve Thigh water 

retaining capacity thus su iporting luxuriant growth of 

voget atilon. 

Pr~; sont Work: 

The area was visited by t,z,; writer for the first 

t ix..:o during the ionth of June, 1965. The field work was 

d -,ne till the burst of tho uonso )n which 	de .ny further 



w rk i..possiblo. The writer visitoJ the area _i.iin in 
Oc'; , bor, 1965 to coi:olete t zo ro:_: ainin part of t`.~e work 

and for confir_.ati.on a.nd correction of the •aot ails. The 

present st4aay w is ;. _le to rp the dif `'ornt litholo is -.1 

units and the structure with a view to iss::ss the geology 
and seis:..icit,17 of t :; area, 

The survey _: -gyp of the re ion is zv i i l b 10 on 
Sc .le of 1" = 1 r lo (Sheet _"o. 53 J ) . i; p rt of the 3  

area on : sc :le B' = 1 ::ilu is also prosent in duido map 
of ;',assoeri e an -I L ridour. 	.:p '.rt fro,: ;hose two shoots 
nao'iin.; o" e :store parts wis d>n ca 6.5" = 1 .ile 

(e ~l r,c by c i1i.osc_pe fro: 1" shoot). 	fhe details on 
the :.gyp ware fi'_ledl •y tr :v.rs'.n , a1 n: the n-:l z cuttings, 
rods and foot traa.cks. Even o_i those 1irc sc to naps it 
w '.s not possible to 	the diffure.~t r .cis t pus of ! 
sin le strati:rao:zic unit. Sections add diararls of 

virious i__.port,nt litholo ica1 and structur-Il fours 
were .prop rud. 

The ::ain for:_:atie:Zs reaped .00 the p°rts of `. 
Upper Xrol serio and t.o Tab sari s. The Jp 7er Tils are 

::airily li::.sstones, corrs_aondi:`n.! to rel D and E st ?;es 

or th, typo area. But in the field it was not possible 

to '. n:rc .t~ b;:tw~:c;n those b,wo sta.;os and so both were 



71 0 i Is 1 	u it. 

Wz~stiol_.:a_ r„ forr..s r~1?t d to t.1e periodicity 

and :-ii iitude of the tro ,,ors wore filled with e.lquiris 

:do fro:. the loc-:.l people. 

oro t:?~: 100 repr-)se-lgitivo spciL ens of v ?rious 

r~c typos were collect.,1 id out of these 30 specir.iens were 

ex.~:..ino l in thin section. Lir_.e st -, o s of the .; ,er Xrol 1d 
the Til series were in?lys 	3y LJ.tz fitr3tion Lethod. 4 
f .w 1)7rite spies c )llucted fr,e:., the ro-1 wer:; studied 
under cre :.,icroscopo. 	i he et ire ,,uole y m.-id the dr .in'mm ;e 
p :ttorn of the - ro were tr mnsf~rrcd on mi:.-'p of sc :lo q" 
1 --i1e. 

The 	ivaU.ale iitr 	ure Ca ~i? 	;, .plc ;y of 	t.ie 
ir: 	wore cans :lt ? it 	:,j 	mt.:: pt 	.s been r.Je to list .lss 
the various ;. eloic 1 preb1eis. 	Th 	diss„rt Ltion repro- 
seats 	'.n 	ic ,.-)unt 	of t:?j studies c .rriod .gut in tie field 
`t id 	1bortory witl'l nocr-ss?ry 	illusGIr'Itions. 
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CH :PTR II 

PREVIOUS WORK SAND RDGION2L G OLOGY 

As montione .. c' rli~r the J.re -. is mainly compose l of 

the Up-oer Krol series %nI the Tat seriis. Where-ever these 
formations have been described by previous workers little 
mention h s been m a cic -.bout the fore. tions 	of this aro'i.. It 
would be evi lent from a fo l.lowin,; brief review of the previ-)us 
work carried out on those formations. This has .;roatly helps; 

to unlorstana the ro;ional ;polo;ic,.l set up and to ex:.e1ate 
the forriatiens of the present area. 

The n_io Krol, ;eriv.:l fro:: 1Kr)1 hills near Solon 
(Simla) was riven by Me'licot t (1864) to rock foru°tions 
couposC- of limestones •anl quartzitic s .n:stones. He Wanly 
worko 	the Ravi an 1 G ,ng,os an' cl ass ifi e : the formations 
into two broad r;roups is followso- 

TAB LIT] 1 

Sub-Hir1_1_y~n-Series-- ----iks)---
-------------------  

(Unmet amorphics 

( 
Hirlalayan Series 

( 
( 
( 
( 
(Met az.iorphics 

(a) Krols 
(b) Infra-Krols 

(c) Blainis 
(1) Infra-Blainis 



O1 ;h,: (1883-1888) b .so'. ),. his work in Si„l, n ; 
Chzkr't -. '.rep. su ; este the Bl Finis t) be of ;l ci '1 on ;in 

an : assi ;nu'. tho:: u.opor P alooz )ic 	;e. 

14i_l '.1e1_liss 	(1910 9 1885) worko in `fohri Garhw l an 
iz ar,a 	ar. He 	'.;scribe i 	un ;;lev~.ti-)n 	'iffrence betwocn 
Dohra Dun an . IUiuss ):)ri.c 	as 	-, result of tie n;ra 	arthquzke. 

Fiollan' (1908) su aoorto l 01 hr, for the •;l ~cial 

on in of the 31ainis of Si1 ~, :tro -. but zssi ;ne'. the.:. to tho 

Purana Troup. D-.ss Gupta (1915-1916) worke i ,)n the a.;o an 

cor-e lation of the r ,cat types in SL:l'i. area. 

The first subst .,.atiil wer'.L eat the rols fro... the 
S.i:.la hills w-s c :rrio l out by Pil.:rii-_: In : West (1925). They 
su ' 'estei that series of thrusts hvo breu ;ht rocks of -lif ~'ercnt 
:c ;ros of r..et inorpis:-. to lie in 'ibnorrul juxtaposition 3n : 

voc•lte.l upper carboniforrus ae for the Blainis. They ;ave the 
followin ' succession in their area. 

T-ZLL 2 

Lower Miocene 	 Da sh i Series 
Millie T. ocene to ) 
Up.oer 0'_i ;ocene 	) 	Sub Lt}iu Series 

Krol Seri-i s 

(1 tr1 San lstone 
Lower Gon -;wans, ”' (Infra, }Crol be is 

(31 inis Li::est one 

Cont. .,. 
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Lower Lower Paleozoic 	— SiL1la Series 
(Infra Blainis) 

Fur an a 	 Jaunsar Series 

Purina 	-m Chail Series 

Irchean 	 Juto ;h Series 

Uncertain ? 	 - Shah i Shales 

But the sequence of Juto;h, Ehail,Jaunsar and Simla 

Series was consi lore'. as follows: 

Juto•h Series 
-~° Jut o_ ; h Thrust. 

Chail Series 
hail Thrust. 

Jaunsar Series 
J tuns ar Thrust, 

Autochothonous sequence of Sir.la slates to Krol rocks. 

Pil, riri anJ West (1928) su;esteJ tha Krol series to be a 
nap-)e enclosed by two thrust planes namely the Krol thrust 
an`? the Giri Thrust (Fi;; 3). The Krol series structurally 

male up of two inverto synclines which upwar .s grades into 

one broiler syncline compose' of the Tal series. In a normal 

succession the Kr o7. series overlies the Blainis series. As 

the latter was rogar .e' to be upper conboniferous y in a ;e 
the Krol series was assi;nt3- the a„e rani in from Perrin to 
Triassic. 



.iulen (1934-1942) prusentc', L letailea accoant on 

the Krol Bolt in Simla an Garhwal re ions. He described. the 

Krol nappo in Garhwal area to be enclosed betwe.n the Krol 

Thrust and the Garhwal Thrust (Fi;. 4). 

The followin, table represents the strati-;raphic 

succession in Dohra Dun - Mussoorie region as sug.;este i by 

^,►urd on . 

TABLE 3 - STi:,►TI 	PHIC SUCCCB.S~ION IN D HR.. DU';-MUSSOORIL 
( AFT "JR _iUD1, 1) 

K Tat Series ( Upoor Tal quartzites 

Lower Tal shales an. 	sl -tos 
R 

Krol Series ( Upper Krol Limestone 
0 (Perr._.o-carboni- (Krol Rod shalo 

forous) 
( Lower Krol Limestone 

L e ( Infra tre1 sl tos 
• Blaini Series ( Up_Pur Blaini boulder bo -?s an-1 
N (Upper carboni- ( Linostonos 

forous) 
( Blaini slates 

( Lower Blaini bouller bed 

--- ------------ Unconformity ------ 

P Jaunsar Series ( N 	th.:.t 	quartzites 
(Devonian an-1 ? ( Chanlpur slates P Silurian 	) 

( Schistose phyllitos and quartzites 

--- ------------ - Krol Thrust  --- ------------------------
-  
--  

Lower an 1 Mi _1'to Siwalik., (4~utoc hthonous with minor 
Thrust) 

In the typo area he :ivi ied the Krol Series into 



five sub-divisions. 

Krol Z 	Massive cream coloured l .r,.estone, calcareous 

sandstone and brown shales. 

Krol D 	Cherty lirlestones 9  dark limestone?  Bleached 

shales and quartzites. 

Kr C 	Massive crystalline limestone often sulphurous. 

Krol B 	Red and green shales with dolomitic limestone. 

Krol A 	Thin bedded blue limestone, shaly limestone, 

Calcareous and carbonaceous shales. 

Auden (1937) -,gave the following  classifications of 

the Krol Belt based on topot;r 1phy and structure. 

Togo ;racal zones e 

1. Inner lower Siwalik ran e and Dun. 

2. Outer lower Himalayas, with an intricate net 

work of streams and rivers. 

3. Main Himalayan Rang e with its dep sc;tnp slopes 

facing towards the plains and .gentle dip slopes 
facing Tibet, 

4. Hi.;h peaks North of the min Him.'layan Ranges 

with irre gular disposition. 

Tectonic Divisions of G ,rhwal Himalayas 

1. Autochthonous units o 	It is a folded belt 
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'.ics well wt.t;;i ; tipc .ii,.. .l y .s. 	iho s b-sti ,tu 

is of 5i :1 slit ,s scrics over which l i,bs the Nut:: uli-
t ics 9 Ilur e.:s .:Zd Siw !' is. The ::.ost it port -int thrust 

is the f_.ili ~r Min .3oundry fiult. 

2. The idol i, lPpo— 	Thrusts J1 the 	 u::it 
'.n3 the :iu.._ulit l.cs 	-ind D , : 	h 	i. 

3. The G rhw Ll_ ;t 	! 	 ; Thrusts upon t ha Krol :Z ippe lire 
n ti., sarizw ml 2hrust :.y hive its 	ri.tU in the r.zin 
Ii.. l .y =n r-.n .. The rocks of th 	fl 2P0  
toly s ,r: ~und thL ..ut ..r hic rbc.,s of the suprin-
cu. bunt fli)) i. 

4. The Gr...t ii. '' ~'.n .t ~l o~ 	of 	il ites tnd sccists 
with ' 1 ist iilct ;rDup o ' p lr ;- 'n- issos ?nd intros ivo 

;r mites. 

5. TheIibet~:z zone o•- 	It c>.mt'.ins fossiLifcrous 

sed.1ir: nts rin '.xi , i.. i ;e fr 	C.+....bri,.n to Cret iceous. 
The relitio-is'.~i_p betwwweon (mss) and (5) is still obscure. 

.,ccord:n • to ..uaen s) .L of t_ie ,)v,;:..Jnts .Iol-1, the trol 
Thrust arc} :.oro reccnt than _i„lventi ln. It is ',roc lose of tLL 
over-. _1i" : of t .e irol .3elt on 	ih Ins ma evon u,):)er 6iw li.k 
c n l..- z~os. - hesb r._ove:.oats wore: cbnsidior,,d 	be of lower 
Ploistocc:ie a ;o cr even l t.;r. ConcludLl ;, ., di obsery d 
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1 2h-ro has been :.ore than on p ;rtod of;.. ovuj—a- .t 9 perhips 

durin - the Helventia•n and the later :.:ove:..jnts Turn; the 

3id1 ,iiks and the post Saw , Tiks". In his o ;inioz foldin , in the 

Krol and the d?rhw 1. n' .)oe has resulted. bec ease of th ; res ist.ance 

offer ,d by t:Zu foor upo.l which the .ovoi.~ent took place. 

.uden (1942a) while wor Lin ; for the tunnel all ;. ont 

for J . un'L :iydel achc:ae r.1 .iat tined the ;1 =cia1 on in for the 

31 .inis and the :~'zdh lis war- inferr.jd older thin the 21 .,iais.. 

.udon (194db) investi i.ted the cause of tao .ial ; ; irl 

lend-s iip o i Dehr z Jun-A;assoorie Roc. and felt that no pro-

tect ivv r o strr's w )uz1i be us ;furl. 

u len (?912c) sub. itto i .t "heoort o the :: t, ble 

fori..tions around °'u.zss D u ie as . s )urc oo o ` Ch :.._ic i1 1 i Le r or 

the i:i.:l ufaeturo of c'.?ciu>_ carbide". 

Ravi Pr:ak ,.sh (1958) pubiisi.:d ? 'Lote on the ChL:..ic~.l 

analysis" of i_: ~.rb1e of ihatta near 1, us ;oonie. 

is hta and N.zry in i~urthy (195 J) ; zve an account of 

the :ii ;h Grade Li ;estone deposits of Uusoorio-Denra Dun area. 

l'LrLshnan and ;Swtninzta (1909) r.:fcrrod to the earlier 

w,r of o? ie 3.0 (1948-1952) . 	St' .ti ;rap:hic Ladd trjct ,:uic probler._s 

in the S b--ri,_: l .y zs were IIs..ussed izd a now int;rprat ztio.1 of 



Carboniferous 

Ordovic.an 

Up')er C-iri .1 

: i '. l 	C L.b r_ La 

Jh znder 

Row 

htoht as sty,;;; 

1 :l Series 

Upper :;rots 

i~ril Red sates 

Lower Tirol 

Si--in is 
? I. '..i',Jh ills )  

1ir.oh :n ..ove:.a:1ts 

:hsinju : st i ;e 

Po rce'. Lznite st i;e 

t { , re 1 t1 LS i ips :"i l c jrr~I it 10 ; w :.s put forward. the ih ;i ra 

quartzites ara cor~elated wit i;,1 Ewe _i qu ictzitI,,s of H.-tz:trz 
which occur be7ow the Sirb 3n 1i._estan 	a.nd w.'th the .31Lii 
bou'.der bed .olio au r:,, ;-.rded the J1~.tnis to be equivalent of 
the Ka.i::ur series of the ri,id.;yans. 	Tits This basic idea he 
cornelated the sub- iir'~L y a for,.~ti).is with thzt of Poninsula. 

P.. ~ 0:' 'JILL 	' 	~- 	T CG_. L.1 I- r. 

i :3L~ :io. f 

Su;;estei 	;; 	Peninsula L1dia 	Si..1-Garhw:il 

Coritd 
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Lower c~:.bri-.n 

Prec :Lbr 

ii I ;ncous 
.ct ivity 

3's1 st z •c 

.Srinpura or ) ;eny 

:4. b;arh 

1w r 

at lie 

Jooban lip stone 

;that and 

3tuii._ Tal 

Volt nices 

Ch ndpur 

CZaio?i 

To j r.-. 

Iyiehta (1962) d,,scrih..d roi Ihhrust by the ;..ec.1anis.`_: 
of ;r -.vita,tion3.l ;lidin . :io postul .t;; tat the contac s 
betwe ,n Nandha1ios 9 Ch ndpurs and Ja ;th.,ts are thrusts (Table 
lT 	7). 

~(rishnasw~..:y (1)62) w.bile discussin ,, the tectonics 
of Km;r concluded that the Satlitta thr'st ray be the 
possible cause of the 	an tra oarthqu )ke of 1905. 

Jalote (1962) ost ~b1_ished subrocent-r..,c. nt L.ove;.(n is at 
a7_on , the S~A1itua Thrust in the vicinity of Seas Da:._ $ ate. 

Raina (1963) has cJr elatsd the :.indhalis with 
31 xinis i;i the SiL.:la area. 
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(1963a) correlat -id :l:1ctatod deposits of the 

:iir.:alay an re ;ion - B1a ini boulder beds with the Peninsul ir 

Tzlchir beds. He su; ;osted four periods of refri eration in 

Himalayas. 

ih ::d (1363b) published " -moioro -enic ..ctivity in 

Hir,aliyan teion" in whi.h attention wis focussed on the 

nature of the perchcd river terraces. these terraces are of 

even r.:ildly tilted, and it is t heuht that t:lese hive forr.ed 

by a vertical uplift which r.i ;ht have been .;oin ; on since t:ae 

Plei stoceno poriod.. Thus the tde i of stron,; oro,;epic activity 
in the re ion was proposed. 

~iuku and :.ihtir (1963) worked on the structure and 

tectonics of the Xrol Thrust in the v is in _ty of Sunder 	ir- 
Sutlej Thnn.:19 iin•i district. Sor:o tear faults and dr 

folds in t eunder-thrust and overthrust sre is are oost later. . 

Rna Rao (1963) has describo°d the prob ibiity of thy: 

Krol 	3elt as autocht:ioanous unit. This conclusion is based 

on the fact that in the u) aer reaches of the Bha-;irthi-Tons 
area, Deoban lir,sstone is found in nomal strati ;raphic 

contact with 'ir.?1a slates. :ie su ; vested five cycles of 
sedimentation in the area. 

Srivastava (1963a) reported the presence of a 
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1l:?el_libranch fossil, Posid -)ni i cf Orani suanst fror.: 
Lower T 1 Carbonaceous s h :.les of 1,,us soo ie. 

Sriv ,iv-j(l~63b) described se:e se::_i-circular to 
partly rounded crustacean for:s. H reco ;nised the species 
as sth.cria r.-r ;inat a end cited the possibility that  Lower 

Tc.l beds r.:aay r-~,a ;e fro:: Jurassic to lower crct aceous. 

,stadia and ;west (l4) based c_: their earlier wDr?cs 

discussed the structure.; of :imai ay as. They su ; ;estea f ur 
periods of oroggeny is the Si:,l --1arhwal aria. 

Gansser (106) while dicuss tn.; the -{rol-T al 

succ ,ssi~n h =s obsery : that Kro' series is divisible into 
five distinct r.:e:'bors 9 viz. 	, X3 9 0 5 D wn1 E. Re ;sra in, 
the ;31 aini b ,uldor bc.1 ho i :re :s with the view that it s ~1ould 

be correlated with the T.zlcnir bed Uld that its t i llite aspect 
is undisputed. .bout the 	el 	. rol ati~nship he observes 
that aft=er the deposition of c t'c treous rol sucess .on a 
stri - iz ; chs_n ;e in depositien took pl{ce Ind the youn ,er buds 
consist exclusively of detrita' 9 costly quartzite rocks, tiere 
cm be little doubt about their st y at irancIic I1 c,nt act with 
t:ie u.iderlyin,; li..est Dnes. These detrital sod.in±ents h-ve been 
ca'.lel Tals 0 Dealin; with Kr)l thrust he further observes 
tr.no of t ho Tirol thrust ha s' c -u lly foe c_ t-'roc; ; n 1.,.r;e 



ro 'J 0J .t f I'lds .... 9 Tfge actuil y n Svc t o do .1 w_: 	prop Jr 

thrust s:aeets uld not rec'a_ ;gent np )es" 

Tne nori:.l suc - assion of the Tirol na. 'aae is pr-) *»d 

by :uden h ,.s pee z , ivon e lier (T ible 3) 9 The n ;p _)e incluies 

t 	:~r~l series to ;;trier rith the Bl:iinis rn'i J .unsar 

for Lions bci_ow and the Tits Jove. 21-ie Krol andthe Tat 

outcrops of the : usso:~rie s'fr_ctine stretch fry:.. ussoor _a 

south-o ist-w .id t- the :ui 1 river i.1 fchri ,.r .rhw t1. 	Lii.s 

o itiroo Krol nrmn-oo of ti _)liar st t ;e overh_? es the youi :or 

6iw iiks . 	In o r _' ' to un`icrst iu id the ri ix.1"I L ;-o loy a 

short account of t use s _r:.ti ;r i).~ic u:.its is L-.i ; describ.:z. 

T suns it Seris. - 	?il ;riio ud ,Jest 	))'_icd the 	c J tuns trs 
far Can '1or_:erat .c ph .so uiadaartyin ' t:io Oh .pis 	h kv, 
t: uste . over it in t:`.j Si: ii zr4., :.. Downw 3rd the J tuns irs 

'.re restricted by Si: 11 sL '•Las. 	These , of oss iliferous 
for.:atians h-tvin:: an Ivor i ;c t c~:ns of 500: etrs are assi.;ned 

to later section of Pura (Dcvmi`m ?) by the :. iter workers. 

the J unsars of G: 	iw .1 	are ro rded 	-is m 	l.e up of 
throe s . ;es. TIC bctto-. ::ost ::?ndh-tili stage is folLo:'ed 
unw :.rd by the Oh:npur series 	and the " 	;t.zzt series. 

In Dohrz Dun - :;ussoorie arethe J.iauasar s;ries 	is 
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reprwsente:i by two suites of roc's known is t:ze C.i ~n1pur 

slates and the N t tii t qu1-rtzit,s. 	fne c:1alndpur st 4 ;e c.pprises 

t'lin bedded alternations of cu' ,- tzi es and o_Zyllites. They 

are associated with ;re.;a c:zloritized tuffs which show 

poly tonal j im t in•;. 

ihe~3a ;th.ts -Lrc roprtisente l by nur - ?e to ;react 

coloured sandstones, arkoses , iu rtzites, ;r its , con ;loi:ior ite~ 9 

cl if slates and p'.vltit.: s. I thL cistern p irts of Deara Duel 

they are tnrust~l :~vor :vu _ uli is and y:oun.;er Tortialy. beds. 

Both the Ch adpurs ,nd te :; t ;th-.-ts s'iow i ::.a ked Lacro ise 

in riot norp'1is_.: fro:. 5 .,uth-west t c ert h-L .st. 

Bi finis Series: 	2ho serijs c :~s ists of Lower J' =i ii 0) - Itldor 

beds succe; Iod upw •.r:l by 31 .ini s l,t,;s 9 U,-) or-:3l .Lis b3 der 

bed and ? i,::es',one rid oaf.' .l .r1 slates. 	.4udon (l4) tr zccd 

the interrupte' ribb'•. -)ns nd pitches of te Blunt sty e 

scuts-east-ward across the Upner J =mina in Dehra Dun district. 

Between ween J :Lun and Dohri Duct the Lower boulder bed h ~s not 

be Fn ohservo' . It a. -poars t his fo n at ion is over lap' ed by the 

Uo er Boulder beds and the li::.estones which unconfor...ably 

overlie the Jauns ars. 

Lithoto tie .? Iy the 'boulder bees ar.  ., represented 

by r.)un io i, sub-reunrle'z and In;-.,lar b~ullers f vary in ; sizes 

e borLie in '. clayey :_, itrix. The b ,ulders are :: zinly fon.ed 



if sl ,.tos g -,u-Lrtzites, sh ics n.1 1'r:cstoncs. 	2.e bouldor 

boa is usu' iJ_y 3 nete rs to 30 :i::turs U .lick in^. t'io Over i ;e 

thickn:.oss of the 1_i._estono is 5 to 6 noters. The t:iickness 

of Bl :inis sl ,.t..s in Dehr L Dun _:1r be snyt:Zi i;; urto about 

230 r,.ot~: rs. 	Those fors..at iris h )ve been re ; irdedi by i::any 

workers to be of l cci .1 on 'in. There is usu'lly a tittite 

lacies and a li:,o-sl'to f is i es. 

rho Infra-Tirol (thic'.cioss l C netors) is the 

youn ;ost r_et.:bor of the "32 ?.ini-s series and is ::.'.lo up of' 

t lick series of carh)n ,.uoous shaly slates ,lturn Itin'; vjithz 

li. ostone b suds. 1,iese rocs sow di 'fcrent lzc ;revs of Lut -a.- 

::orphism at '.ifferont nl cos, fro.. 	sh-alos to well c1 ' r~~ 

slates and sr iistose roc's. C1oso foldin ; and si_al1 scale 

fau'tin ; are co.. on. ;a fow • icro-Fossils believed to be of 

Lower JonJw m , :ffinities hZvo bun found in those for'thns. 

Pascoe (1959) h is cl '-ssifid tha. 131_1inis series 

into two sta.;es-th o Blain st ;e mi the In'ra Tirol stae. 

the tZickness of the •31;1ini st ;e is vari mble w ,thzin a wide 

r 7n ;e ind the sequence is fr..;quentl - incoi fete. 

Krol Serbs:-' 	The succL ;:lin;; sore 	over the Infra- 

kr)ls c,)nsista of l t.Tick ;r.)up of ::.ssive bluo limestones 

and ;;fi 1. s and is kno n As rol series. 	It is ov ,rlain by 

the Tktis. The lit hwlo y and nature of these foroat ions 



0 
indic .te 	tit t zose tr;; o ° s'i i.'_lo•a W3tor _.ol(J o )i co It r 

nU_it {? on 'in. 	:,uden (l63) es - ; io? is: :? t:io fD,_ 7_owin 

sequence in Solon id Tons 'River •-e:re as. 

5 

O 
ol/in 

(';pp 	1rol (:=r 	l 
(Li_..usts (rte' D 

(r-i. C 
:rol 	('~ 	i 	sn~LLs (r1 3) 
Series 

Lower .,rI 
Li:,_es t, ~n (.rol .) 

( 
( tire'. 	s tndstu~i.. (Local) 

i)ns rivcr ro i 

( Jp ;cr 
(l i::-stone 

Errol 	(Rod s n t.l .: s 
Series 

( Lower -' r.~l 
(

. 1 3J ~+ 
} 

_1 i 	 it t%J 

The (rol serifs is u~ifosstlifcras Ana it is d=f -, 'ic';1t 

t ac:ount for the c3nsoic'iOOus absence of fossils, t:.o.j-i tho 
conditions for t:..-ir ;rowt'"I i.ad oroserv -iti~n were quite 
fw -ur-Lble. 	• ,itt-,y :..zd Chturvcrai (1963) h :ve reported the 

possible .l :.l structure in upper ro.l liuest )ne. 

the Kr1 ser -.:s s:.ows 	..orL l ) it _ct with undor?yi.:.; 
Un )or C '.rs,}riif:rous 31 iini series ) ~Zd hence these hive be';n 
^_ssi ;ned -,in a, e frog. Per.._ :yin to .2riassic.no 	neu~~.rli:_itoi 



seri-'s h ,.s been fixed Sri lssic bcc ,use, the Lower Krol lire-
stone ji s many fe xture s in c o: - - un with the Infra-Tr i ,s is 
L irjestones of K-ts:i. i.r. 

Lower Krol Lir:estone (Krol f) 

	

These zco t ;in b dde', h tird, fl 	:y :y lii.:estone, 
always hi ;h in r: yncsia, and often x ; )r~ac yin; dolo;.itis in 
ce:. - o~ition. It sows alternations of shiiy li. ostone Ana z 

calcareous shales or slits. These a'.tcrn iti.jns Ire eitaler 

in parallel layers or c-)nsists of lcnticul 'r i.1lows of 

lir2est)ne sur-ouaiade' by talc zreous shales. The t.lickness or t.,is 
sta;;e varies fror-. 90 r:otvrs 	to 230 nester. 

~Lrol Rcd 3ha s (';rol ) 

This st ;e c i. rises :. iriy of vrie;ted purl; 
or rd shales with thin l,;.in at ions, stre iks 9 blots s zrrl 
interc ~.1ation of green s za os q There are zlso thin binds 

of dole' itic caorty Ii.~:stan3. These for:.-ations of red shales at 
t i :es pinches out - -lon ; the lower and a )p r .:rjl ce .t cts. 
she :Dt us: t.lickn:;ss is upto 90 meters. 

goer rol Lir_:. stLncs i~r )l C,TD :n 
Krol C are r--iinly 11',-LstonCs9 ?u 	calcareous  

ry ncsi1n or dolo_:,itic 9 with interctj ltjJii of sn lc. 
edin- p1 n. 	are anost absent . rJhen freshly broken it 



;ivos s'_ Io'hurjus sr.;e 1 1. The pure r, •s- lye blue c3lourod 

list ,,)ne ;r t tcs into wit c c.)loured h Inds loci.'_ y called 

rrirb? e. The pure li::ost >n, is qu^.rriod for v -trious purposes. 

The st-e J co:.prises aLt~rnations of cherty 

1ir:ost-me and bl ick, rd, ,roen :yid orm s s r .:n s , Their 

r ini; :u:-: t hickncs , is ,',out 200 :.veto "s . Con - LoE cra o s with 

pebiles of vein qu^rtz and chort ar.: rare, but sor_::; of t.re 

s jnos snow penacontcr.por znoous brcc of >t ion. In sever f1 

localities pockets of .;ypsu:. h ve been noted as reel.cin; tar 

Lincst 3ne. Patches of cirbin aceous li::.estone arc .Iso present 

in the vicinity of the con's -ct of st , ;es C and D. 

In th.. nor..~al succcssi-:1 i .,rcl zi overlies Kral i) 
The Kr ~1 	are well bod I ed ..ier)cryst't1bW o li:st inze . 

,, wi :1 ;rey to crc; ~a..-~,a~zite b .z~:~in ,. 	~.~~..y .tt".in -z 
t'hic.tnesl of about 170 iut;,:s. 	L1 h- ooal-- c 1 ur d lir:estone 

has a porcell a~aeous aj oc: ar nee on fresh surf •ico And t ~iin veins 

or c .lcite stands on the surface even after weatnorin ,. ;t 

places it :;rides into tren .ceous liiaestcnc. Rii le :arks 
are seldor, prssent. On weathe.-in; it foras ru,,ed topo;.;ranhy 

ponul irl,y known as elooh )nt skin weat h-r in •;. 

In Jehra Dun Nusso Brie area t:1 iKrol D and E st x ;as 

-iro d'f'Lcult to lifror:ntiite n the field nd have been 

trjated in prese=nt work as . sin;1e-unit. 



Tat Series: 

The Tals were oriina7_ly cdiscoverei. by iiedlicot t 

(1864) i..z the T?1 valley east of Gm7es. This series is 

ex-oosed in two synclines in the ::uswoorie-G2rhw~,l area sur._•ounded 

bl the Krols. Those f3r.ations . hwe ben ivid-d into two 

;roups , U-v) ,)er T :ls i.;d Lower Ta 1s (- u en 1 34) . The Lower 

Tals ,re saft dark sh_les riyw _ck~s and c .rbonaceous shiles 

p^ssin.; 1-torally into s L ttLs. The slit :s resei-.ble taose of 

Info-i<rl slat s, but ar:: -_ore x..:''ssivo and assuci --tt:d. wi -a ;rayw.i-

ckfs. Srivast w . (1x63) h .s reports; ; tae occur. o_ice of pnos-

r.11. c no:lules fr %r_. Lower T .1s of ; ussoori-e. 

Tvwari (1963) also fo'znd such nodules fro::. Garitwil 

area, Fro:. the fossil ovi'-once Srivastiiv . (1063) su ; rested 

fluvodelt iic conditions o' deposition for the Lower 1 .1: and 

proposed an z ;e rinse frog_ jurissi2 to Lower Crut ~.ceous. 

The TJp--)er Tals are r:ainly pebbly quartzites with 

shallow water narkin;s like rip-Die narks. So,:e intercalations 

of : icaceous shales and sore sandy lz:aestene are always 

present.. rho Tat li iest )ne in G"rhws.l slows broken sheds in 

a ' ;:r 7Z c ~s but are unilc Itifi able. The thickness of 1J or 

T~1s 	about G50 peters 



CHAPTER III 

GE0L03ICs~L SET UP.ND STRUCTURE OF TH RE 

Based on the earlier works and on the field and 

Laboratory investi-;ations carried out by the present worker the 

following stratigr.iphical succession his been established in 

the area. 

TALL I10 . 6 

;e 	Designation Litholo y Correl-ltion ,aver'.;e 
with Sir,11_..'hic;kn s. 

:)ark Grey and red 
limestones q 

(Uo er Black and red Upper This 90 meters 
This siltstone9 

(( Peb')ly 	ind -rkosic (300 	fuit) 
( qurtzites 9 
( Quartzites with thin 
( 
( 

rnicaceous b :nds. 

( 
Triassic 	Tal 	( ------- CONTTCT GRADITI0N L - _ 	- -- .__-_--_ 
Cretace- 	Series 	( 
ous 	 ( Mic.iceous shales 

( radin; upwards into 
( quartzites9 

(Lower Well bedded c irbo- 
(T ,ls n :ceous shales 9 Lower This 600 meter., 

( Bl ~ck Che rty bands ( 2000 fDc 
( 
( Calcareous shales 

Contd .. 



,age 	Designation 	Litholoty 	Correlation verTle 
with Simla 	Thickness 

DISCONFOB1i:13LE ? ND FiULT D CUNT ACT ------ 

Massive porcellaneous 
grey to cream coloured Krol E 	- 

Permian 	Upper Krol 	dolomitic limestones. 
C'ri' ssic) 	Limestone 

(Dolomitic) 	Grey massive dolomitic 
limestones with inter- 
calations of the thin Krol D 	-- 
bedded shales 

(D and E limestones) 
Krol IC' Limestone 	Krol C 

~. concise account of the field char -actur and probable au 

of various formations mot in the zru ,6 is being; riven in the followin.; 

paragrTlphs. 

UP ER KROL LIMESTONES _ D and 3) 

The upper Krol lirii stones arc r.:presonted by the Krol D 

and E styes of the type area. In the prosont work these have boon 

considered together as it was not possible to distinguish and domlr-

cate those limestones. These limestones are mainly exposed on the 

eastern and Western parts of the iron representing the two limbs of 

the Niussoorie Syncline, The regional strike. is NW-SE with an avera, o 

dip of 300 to 35°. 

In .he lower part the limestones are dolomitic massive 

and grey coloured, On weztherin ; they show typic ii elephant skin 
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woathorin:; ;iv: n; rise to a r'. ' ;vd scenery and b''r_ un cliffs. 

Where limestones arc well jointed 	caves have formed (Fi;.S) 

Complex foldin,; at places is very common. 

Calcite sometimes h'Is formed in small cavities. 

Thin coatin ; of ara;onito has formed from the p.:rcolatin; 

water solutions alon ; the joint pianos. 

Upwards the lime=.tongs become more and more m,:.ssive 9 

chorty and porco:'_l~.ncous in t )) JJ trance. At the contact with 

the Lower Tal Series the beddin•; planes are 	pr-.ctically 

obliterated. The interc ilation of sit ales are not observed in 

the upper parts. Barito and pyrite veins are found in those 

limestones near the Krol-Tai cent tct. 

With the exception of orobablo a1; .1 structure 

(Fib; 38) the lirnostones art, devoid of fossils and so no definite 

age can be assigned. Previous workers on the basis of its 

conformable contact with underlyin!; carboniferous Blain Series 

have su ; •ostod an age of Permian (-Triassic ?) . 

TAL S3RTES 

Uopor Krol limostoncs arc ovcrlain by the T-,1 

series. The Krol Tal contact seems to be an erosional plane 

representin., a probable disconformity. This contact is faulted 

in the Lindour area. Possibility of a thrusted Tirol-Tal 
S contact is discussed liter (sue $tructuro).. 0..1 the basis of 
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litholoical characters this sorios is divided into two stages. 

LOWER T:~LSo 

The Lower Tals are ropresontcd by sh -Iles of varying 

composition suh as c-.lcareous 9 cherty 9 carbonaceous, micaccSus 

and irenaceous. Those shales show overturned folds in thy: 

vicinity of the Krol-Tal contact, whore it is very much crushed. 

Minor local thrusts and small faults are eor:Iion. 	.;t Ledar 

villa,;e slaty cicava;;o somtimcs has developed in the folded 

shales (Fig 11). 

The Lower Tal shales which are calcareous in the 

lower parts o.. in the Landour market arua ,r-idually b,comes 

chorty and carbonaceous g and ultimately :r dos into aron icoous 

vario+y. This ;;radation can be very well soon ilon ; Tuhri 2Lo .d. 

Small lensoid bodies of pyrite hive developed along the b :d ' in.; 

nl-inos in Co~np,iny Khad. On the NE limb small cubes of pyrite 

disseminated in carbonaceous shalos can be loo .t.d at few 

pl :cos (near Tibri) . 

Fossils are generally absent but some unidentifiable 

fra -;montry forms wore found in the c :lcaarcous and churty shales 

near the Niasr -ma villa ;o. 

Srivastava (1963) has described sthc:ria mar;inata 

from the carbonaceous shales and thus .ssi ;nod a probable age 

range from jurassic to Lower cretaceous. 
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UPR TALSg 
The Lower Tals ;r "dually passes upwards into more 

area aceous 	upper Tats, thus showin, a r -id ition it contact. 

They arc found in nearly a 1 mile ion; tract alon;; Tehri Road 

from ,:4shton Court and Gott ;o to Tibri. Up or Tals from the 

core of the Nussoorie syncline. The regional strike is NW and 

Sr and dip 25° duo NS. 	Test of Bat :; ,d the dirction of dip 

becomes reverse and bds st. 7.rt dio3in;; duo SW. Minor f iults with 

a onoral trend NL-SW are cor:..~on. bometimcs dra,; folds h .ve 

produced due to local thrustin;; as near Bta<ad (Fi: 14). Upper 

Tal formations are generally well jointed. The quartzites ar.: 

more resistant to weatherin,; and thus stand in elevated rid.;~s 

with almost vertical slopes. 

Upper Tals which now occupy most of thho hi ;host points 

and serve as the water divide botwe.,n two systjrls of struara8 

running South to North and ilorth to South. (Map. 2). 

The bedding; planes in quartzites are quite regular and 

sharp. 	Individual beds range in thickness from tons of cros 

to hundred of ems. 	.,t places those are interbedded. with 

thin micaceous laminae. Sometimes qua tzites become gritty and 

oven pob')ly showing rope .tod gradod bud lin:; (Fib; 15) . 

Rd siltstono is found in altorn?tin ; be;l'Llg units >>ith 

w:7ito quartzites and the i -idivi 1u .l bod'in; units range in 

thickness from few motors (at Bata jad) to several tons of 
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motors. The rd a colour of the siitstono s u~tirios ;r -.,os into 

yei_low.. Those have developed distinct fissility planes parall i 

to the bod'in. Pockets of ara.;onito arc. found within red 
C siltstone 1/2 mile NE of d'hild ;r's cot .,.a ;e on mule track ;oin 

to Lo dar villa.;e. 

The rod siltstonus ;r l.e into red limestone. Lonsoi.-z 

bodies of about 1 meter thickness aru encLosed within siltston~;.: 

Fr, ;monts of white limestones aro found within this rod v zriuty. 

n intorostin;; exposure of a U.rty ;roonish °roy ro 

s:'iowin ; cavities on the surface w ~.s locatol on Tohri. no-vi just 

few motors East of Ashton Court -in1 Cot La,;o on Tehri Roa I. it 

shows cross-cuttin , relation with the host rj' si ltstonc p an is 

.iscusse. in the chapter on "Petro ;r ;phy". 

STRUCTUR 

~iudon (1934 9 39) -;avo a jtai1 	ount on the :Cro :. 

belt in Simla and Girhwal rL ;ion. ::ccordin,,; to uden the 

Mussoorie area is occupic . by a 1 ar;o syncline of Krol nappo; 

rocks. The rocks of Krol nappe are again overl.iin by klipouc 

of moremotamorphos-.1 G .rhw-tl rocks bruuht in position by 

the G .rhw it nzppo. This Clippo is Qxpcsed in B%nali aro-. in 
Glrhwal , it . 	known as B lli window (Fi,; 4) . Pil:_;riu arid 

West (1928), who worked to- ;other in Simla iroa su,;.;estoa thit 

the Krol series is a nappe enclosed by two thrust planes the 

Kt,ol Thrust and the Giri Thrust (Fig 3). 



-36-• 

The pr~sont 	is loc it.,', on thy; centr i..1 p ~.rt of 

the Luss Dori.; s nclino. 	Below is riven ?.n 1ccoUilt of v i,riius 

structur-s f{gun in this are-. 

Plmor Structure 

Bo 1 ' in.; pl ,nos in Xrol D ,n' - liLio stone: s often 

cont -in intcrc t1..t ions of thinly bo l'.0 1 sh lles in the lower 

-irts. The bo '.in .- -ol-ns in Ji.aostons ire not well presorv.. 

p 6rticul1rly in the upper parts. Two sets of joint pl'nos 

run'iin I1 -S'I `in L 	1-S are co:' . on. 	Sp -.cin ; of joint pl^nis 

v ,.ries frog spot to soot but is . .:ono: tliz ~.tion they are 

closely space'. in 1iILaostoncs inturcil .t. with sh tlos. Caves 

have forme'. alon - the joint planes (Fi 	5). 

Lower r al shales 	well b1.iu _' in the lower p girt s 

an iiivi1.ual bo is are 3 cis to 6 cra,-. tick. Thicnos o f 

bus 'o on incre sin upw ,r_Js.. Bo.Uin ; )lanes snow v :ri .bte 

lips on the rol-T al con..ct on Si limb. The sh .los show 

sal:..,_ otracal folds with the dovelopnont of sl ty cl. iv -1 ;u (Fi ;  
Sh'_l,s near the contact _aice very closely jointo and even sh.ow4 

the effect of crushin;;. Two sets of joints rennin ; N1-S an] 

ivT ;-5'.J are cord. on. Bed '.in ; joints wjre also obsorv;:_' . Upper 

Tal u,rtzit-s an]. siltston- are intorbo i°;'1 and the thickness 

o' in'Uvilual beds is variable, Beds of quartzites are coi....on1- 
50 er:s thick and sor.ictimes contain t'ri 1 .1 i„in ie of Licaceous 

rn Ltori,al. 



Fol Is 

Dip rol .tions on ro 'ion=-1 sc tie s.iow that the riijor 

fold in tha zru is a synclirio 9 the axis of which runs J :d-S. 

( ap. 3) and p ssos throou ;h 3 '.t t ; ad. The limbs h wvo an aver 

:dip of 250-300 (Soction alon, .. B). The Limbs of the I~ussoorio 

sync line are foll_ o l into local ^nticlincs ,na sylclinos with 

their axes parz.11cl to the axis of major syncline. Such folJin .'s 

arc vary Droilinont in t hu rol .0 and 	limostonu; s exposed on th 

newly jo ado Kos apt y Fall road. Inco..petent nature of t iu inter-- 

e .lations of sh'.les in ? ii::estanes h'.v„ riven rise to f )l ,s of 

vart. i typ.:s (Fi , 7, 89 9 9 10 and 33). 

Lower T ,.l sh :lo s iow both syu..,tl is .1 ad ovrtur.l,; i 

typo off' fulls ('i ' 119 12). L''ilds are not so uch co .:.on in 

Lower T :1s as thy ..-L - in the uz per-lyiz 	rol li:.l,;stjn„s. 

Folds in U- )or Tals ,r.. r .rc. minor 3r a ; fel is have ,;v1o~.,:1 

in tho siltst.)no bas because of loc ,1 sr. ,11 tai uets (i'i' 14). 

F -mlt s a 

In th.. Company ha on r;hri Road t_ae contact beweun 

the upper ICrels an 1. the T,.ls is of "uct,. , by a recent fault. 

Hero it strikes :tY1roxiA: .tcly in N'J direction (1170.1350) and 

Southwards t':k.,s a turn in S2 lirectim. L:ewor T al sh,l_s 

dips at 30° ',ue _I6Ou. There is z 15 cis thic'.z zone of ; .0 -o 

ale ' ' the fault pine (Fi - 32). .Llin ; this fault plane runs 

- n :1, in which sail, pi-cs s'aDwin ; slick„n sides c '..i be se,..z. 

It is a nori._ a1 f ault havi~i ; a tarow of 	any 50 i.l,t,,rs. 
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Loc,l f-ul-"s Zn; thrusts -.r,. vory coi on in iLr)l 

li::ncstonos (Fj.; 6) zn;? T :ls (Fi.; 11). The ;onor .1 tren_i of 
thusc f^.u1ts is v-,ri .blc within N- 	n,i N~-SW, 

;c.=iOL-TL CO1T.iCT 

In the proscn.t text Krol-T ~1 cont ,.ct h'.s boon 
rc ; r 1e t Zs 1 isc 7nf orr.r'blo coat .ct, but in thy; -tr%' : t:-jis 

c:ont-icts on tho SW li ib is f ~ultc i for -1 coiisiUerwlc ,:list tcc. 
This Kr )1-T11 c )nt i.ct is usu illy vary :.such di sturbo1. Thu sLI .1-s 
in th:: vicinity if cont,ct on both iLibs 	c .!..p :r-tiv1 T uuc . 
f ,.ultcd,f.l -1; -' ,iii jointui. 	Lo!iii; ^t tiro iffurnt .sp„cts 
if this c~nt 1ct pl az,: 1.11 tho r,: ;i,nzl structu-ru it is 7ss.3.v 

th'.t it is -. tectonic c-nt .ct. But lay c.nclusijn t-) this 
pr )bloc will r.,quiro furth.:r w,rk on t .iu rc "i ;n-11 b :sis. 	the 
present stu'ics 	t , li::itu -. to oscribc tho ;ntiru .{r1-T ' 
c ant ,ct t) bo , thrust . 1 c nt .ct g out tht v .ri us Zvi'., nc.:s is 
its suvcort, s ,v -,i!, blo fr 	tihc pr: sent ficl1 invosti ; :tj L1 
^ro -Iiscussc b;lDw, 	Thu f )11 win ; fi.,11 -vi'lonc„s su ; .ust 
t h :t tho c ,nt ct botwe..n tho i"Ir ls 'gin l T :.ls is n )t 1 n. ru .1 
c nt pct. 

(i) If the p tt.:on )f utcr.p )f L ,w.;r T,1 
f )r..l .ti.;ns bo sto li;;1 n th.. :...p ( 3 :n1 
s,cti A ,.1 ,n ; .J) 9 it wi.Ll b.: fun t.Z :t 

thur. 1r., tw, ..l ij ,r . utcr ps s.;p.;r .t,;'. by n 

~xp,suro :. : ~o up )f :Kr :1 D .,Li l 3 listonlus. 

This int. rv.niz ; p rti ,n -f liu~.st n,; is Z .t 
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luo t -.) t )pr,phy. The stu'v -)f the c'nt .cts _)f th .sc T-11 

for ''tins brin;js to liht s ,r_lo intor..stin,; fe itures. 

() Wcstcrn DutcY_ ip_ (C :.istle H 

The c ~nt -.ct p1-no show inw^.ri; :Lips. The 
r~; .;i )n^1 .lip of this outcrop is ;cncr ,.11y SL X11 

—15° due N. There is sualon incr~ ,sc in the 

^.r )unt )f lip at the c -!strn cjnt :ct. The racks 

't the c-nt-.ct :re very .such crusher -.nl s;rOetii_.~s 

scope -;e of w .ter 1so t ekes pl-ice. 

(b) ;stern Dutcr)p (L 	ur c itnr:nt) 

The rc ,i )n ~1 ' ip here is -ib ut 25°. In the 

vicinity of the c =nt ,ct th,; s:1-les h .vc ro l lin ; 

ips . The sh ,.1es - t the c )nt Zct - r very .,.uch 

'.cf~rriea ml sm X11 overturnc ; f i1~s trvurs: : by 

thrusts c .n be well soon ;.z Teiiri jtiy :1 (Fi i 11). 
Sh :lcs just nL -i.r the c jnt .ct on i..- in £chri 

is he .vily crusho 1 in .i pitch -)f no .rly 15 rioters 
runnin., rou ;hly -A1. 

(ii)The 1 '•jor strc :s p ,ssina in the vicinity of the Kr,1-T -:1 
c.nt ct on b,th lii..bs of the s.Tzcline runs very uch p 1r -,.11e1 
t ' these c ant icts. The str.. lrjs which ti iin tre p irZllcl to

•'n., .n 7thcr -re the :. ,.j er strc s in this 

(iii)'r }.. the :-:'i.p p'ttcrn 	. re ;i )nil b' sis, ' ho :xis of the T 7.  

sv:iclin- t n~.ss '.p'o~rs to 3c n:, n-c inci l-nt with the :txis 



Df the Muss,orie syncline. 

(iv) Minor?liz-iti ~n his taken pl~co within lir:estinus in the 

vicinity of the cont`1ct. 

Thu abDve f'ct~rs whoa c )L.binel to.;cthor will site 

possibility of i Tectonic c-)nt-zct betwo n Upber Krol lii:ost xnos 
mn . Lower T ils. 

This thrust in ; c-.n be oxolaine . by the phon,)r_en.~n 

of ,rivititi-)n al .;li lin ;. When thy: Kral navpe was still rvin ; 

S'r1, the relative r:_woient of •th-, T:1 series took pbcc in N3 
liroction. 	This movement which w,)ulTi h .ve becn ;overno by 
the forces of rQ .cti~n fr 	the rol Thrust in the tpo ;raphy 
of th-:t perio . result 	in the ;evolcpr.:ent of present rol- 1 
cinui.ct. 
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1 ~P'L 

A brief petro raphie ~1 ac zount of the study of 

various rock types has been presented in this chapter. Based 

on the field and labor. Atory investigationsa note on the sedi- 

mentary history of the 	h-'s ben •add3d. In the end 

occurrcnco of barito And pyr ito his boon discussed under 

Linoralization. 

UP 13R X 1OL LIl. NOS (Krols D ,nd E) 

the u~cr KrJl tin',st aos zrc do Lo:.:i .ic in c- 

position cont A nine LcnticK .r intorcalations of sh'.l.;s. 

(a) Doio itic 7.imstoncs (sp-k69 r11 io59 ;35 ) 

It is z consolid-Lt„d ;roy coloured dolmitic 

limostono in which c .l.cit:; !ad iri;onite sometimes h 1vo crys- 

ti.11izod in oIv ties, 	In th;: low.rpart th:: dllomitic limo- 

stones are Iiodiux to fine grainud, rn ssivu 'nd mostly ;;r-y 

coloured. Cr cks And cav .tius ar., co,....or1 in w.iich nr ignite 

And calcite h .va cryst '.izod, the former ofton showing 

t Tnic•1 colloform structu.::e. Soma specimens show strom :to-

?_ytic stricture. in the u er p irts the lim,st )nos snow 

;ray to cr 	colour ind is of porc~ll'neous .ppear :ncc. 

SM, sp.,cinj r show ir.ul '.r 9 culvti,d 9 reef .n;ul it fr gm nts 

of ;r :y lir est-no with white crystillinc borders (sp 35). 
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In t:lin sotio_Z (slid„ 01) . ti 	fin; to 
r1 d u_: .rind with ;r .i:l 5izJ r :.iin; fror_, 	.0 ti to 	r . 

1:i in constitu.t :::iz:r :1s 	d~loito m d c _lcit'.; 	both 
of which po s 3-ss prf.;ct rh<):: bohdr -1 clvm:;e. C-.1cit~, 
so::tire: s show pseudJ-pl„oc:.roisi.1 mnd it rf~r;_zc;, CoLours 
-:r.. usumlly cf fifth order. Thin twin ]_ ., 11 .0 in dcl~.lit_ 
show first ordor, int,rf..r.;nc.: c.7?.00urs. 	fvw 1:trit .1 qu,.rtz 
-;r,ins 	obs..ry„d .t o'_ '.c,.s. S„crond ry cr st 1izmtjon of 
th;. c ,.rb -)n t., .lcn, Fr :ctur-s , ^ s~~, i,1 	s ,cti~ZS. 

ih., sp,ci°--n 	vi•1 (so 	slid 	) 	str ::Z .t 1y1ic 
st 'i ctur.., shows d -.rk nd Li ;ht c 1rd r z 1 .r ,nd it 	.1 .r 
b .nds 9 t;1 	t: ic.._Zs 	of w ich v ri.s fr .:.. 	 i ; 1 i::.,trs t 
fr .ction of 	ii11i_..tr, 	i~l~, b ,.nds :r. ,.~cu :t., and 'b  
(Fi ; 38). 	Si, 	th. -~. 'ob .s .i . C1aSu •, :V1~1i 	c :1C.,:It~"C 
1 . 	 r p :t c ri. 

v.:1r .?.7_y th c it1 . >f t.1.,a„ str'ctl-res ir, c)._pos.,d 
of ci yst Y_lin- c 1cit 9 w-w:iici1 is f lirly 	Z.dr :1 ind c 
r °.ind. 	Th-- b :nds sure u_idin ; t'. 	cor- ".r.. c -)•..{~.Dsd of fin 

'.nd f ibr pus ^.r :; -nit.,, th fib: rs bin ori.;:nt.d pvrpend icuz? , r 
t . t!,c, b -nds. 	;fit n1 '.c ,s c Lin .r 	nit„ is Js 
Tae :r:wt:z of ar : pit c 1u :ns n)r;.-.1 t : t:1- w :11s of ti 
i..7~r .r•- )st b .rids h:vc ;von ris„ t 1  chmr :ct..rLstic c ...b 
St'..)c~'11"i. • 

i .t 	d ch .tury-di (1962) h .tri r.;7.)rt 	o t;il .r 
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structur..s fr.... this :r 	u' std t h-s., t b , p 'ssib' 
.. , '1 struc';ur~s. 	Ii th. it ;p. i 	t 	fin v 1 	r_c- 
t -.n;u11.r sou-ir,_-sh ,.p_d or fir us c )cit., r :z ;.;d noor_.! :1 t th, 

l 'L:in ,. _. -.y b,- indic , .tiv.; )i p ssi'blc c-1lul r str"zct~zl ,. 
yZ y h ,.v.. id3ntifi_d tips:; structures br;.dly s st 	.t ,lytic 
pr b ,bly b.:l ,.n ;in ; t c II.:ni '.. 	Suc', structur ,s c :n 1si f r:: 
bcr L r iic pr css .s. 	Du t ti 1 '.c'i f ti...; 9 d., ,- 4 1 d 
w rk c ,uld n.)t by d iz , )n t ~zsc structur.s lid it is d iff iclt 

t , ;iv _ any d fi~zitL. c :lc'.usi .n a_; t.i.. it ri ia. 

r..pr.,,:.it .tiv- s l..p1 	)f ti 	i - 1 ..itic 1i:l,.st :t 
w '.s .n .Iys_d by Edt . Titr ti .z :.t__ .~d. 	ih, r~sualts )f t:1iw 
-.0 .lysis ry.r_ ;iv_n b_l:,w ; 

C , istitu..Its 	 P_rc...zt 
v, 0 	 5.8 ;~ 

43.4 o 

F 2 03 	.Z & 203 	 0,3 

Ls ic.u.: Lis -lub1. in 
50 yo Till 	 3.5 ;o 

X00.0 

(b) a 	asp KI;2) 

i.Z,s, s:1 .1 .s ,r. L inc 	r L~~~ ~r ill :c.. 's r .cks 



A 

with distinct f:s L ? ity ;. n,.r'.IZy p .r .'.14 t t`l.: b-ddin;. 

TI-i 	x!zi.'N it v :ri .us c Liurs iik.: b iu- p r„a g v il,t .nd 

cr., ,.:. 	Pi:ak -.:ad rd sal .?_,s :r, ti host c:)i.m a. 

In th. thin s .cti a (slid„ ii 02 ) sh ,.l.,s 	,.inly 
c 	n)s.;d )f vryr fin,. 	rini.d cl ly :.:in..r .ls y wLxici .t pl ic.;s 

.in': ti;.. b.,ddin.,; pl xis hz .v. cr<<st .1iiz ,d int.} 1Lnticu L :r 

b )ddi..s )f fin .,.ic . -.nd chlbbrit... 	f-w d,trit tl e;r ,.ins ccf 

qu .rtz, f 1ds;~ ~r ,wid f1ak,.s .>f :.:ic t . tr.. ^.ls3 Dbscrv,A. 

LOUR TLS 

T.1- LDw r T '.ls " .r- r.pr.snt ci by v Sri )us t/p-s )f 

s:1 :1„s c c!Z .s c.hl.rt yy, bl'.ck :•il 	r. n .c . pus &h .1s. 

(fl.) Ch.S~y Sh .i.s (3p ?5 ) B7 slid F5 ) 

f L:1.. ;r i.,-a d..rk c '_.ur,i - ck, 

with ;r . . sy f. .1 '.id p) c ,11. L1• Us  
r s.._blz hrst 	fh~s- .r vc.ry _'uca fr :c° 
tur.,d .nd cru~..plci. 	Th.; r ..ck is tr- vrs..d by 

nu. bllr )f qu :rtz veins cr )ss-cuttin.; ,n.. :.r t.r. 

I:i tai_: s.cti : :.uc i ..f th p)rti Sri 	is 
)p .qu-. 	,It f _Tel pl `•c ,s cl ,ys nd crypt ;cryst :llin.. 
charts ,.r~. th, .r.in c :isitu.ncs. 	1h. r 1ck is 
tr .v rs .? b; taiz qu artz v., i s (Fi ; 45) s:1,wi_i 

r _ticui t p .t r:l, 	Th v,i_Z qu•,.rtz is fin.. 
t 	c) :rs,.. cryst ,l i:- . 	i-i 	s :. , )f 	t h,. vC.izs ~r , 



5_. 

is)l .c_1. 	C;Itia; 1u.. t . t:1. 1~ :c:1i.1 ; .)f ir):i 

IxiL is quit. cd... .,n. 

(b) 	31-.'c-k- Sh .Ls ( sp P3 -slid., P3 

It is fin;, ;r ~in.,i bl ,c~1 c 1 :ur .d c ,---p act 
:nd :., ssiv;, r fck. 	;^J; .t'Z..rd surf ,cc. is 	n.r-illy 
br, lwnish. 

In thin s:cti :is th :.;.:in ;r und ::i .ss is 
c .:n s., . 	f fin-lr cr;yst:11in.: c1 y. 	Fin„ ' r :i:is 
d - trit 1. u'.rz 9 f.,1;sp .rs Ana :..ic- f1.k.,s Zr, 

listribut-1 r .n._1 ,:.ly. 	F ili.; )p .qu. ;r .ins L)f ir.,.i 
)xi.d- -.r.. w.:tj listribut„d in th., r )ck. 

11s 

3i 	,r ;r .i:is if fl asp .r .? 7..s .at s::, w 
tw~ ;:in.;, w il 	s:. .1,1r ;r .ins sal .w ill 
pr.,surv. 1. r~p...t ,d twi_Z yin,;. 	F-w ,r :ins -f 
:.:icr c lines s 	1.Z., cr 'ss'h-ttchhd twin.iin:. •:r, 
,.:Ls. ,bscrv. (i. 

T{ic , 

usc wit;, is pr.s3:1t s f1- s and ;r„ 
c - p tr .t iv,~ 1y s:: '1l in s iz 	.s c : p :r 	t 
th:, thc,r dctri.t .1 ; i:1„r .1s. 

(c) 31 :ck 	.Ir~:~ .c 	us a~1 1!s (sp Tjsliw.. r 1) 
rh.sc; d irk bi 'ck c ?:..p ,.ct s., :l..s 	nd 	.1 -n ; 
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j nt 	m? n..:s Y ,~ •nd fr '.cturos t:-a.i veins 	-)f c ,lcit~, 	h .v~ 	f 

Thy wc, :t i rfl p 	its 	:-,x.iibit ;ray c -1 ,,.tr 	wit~1 -br ,wn 	t i l,;,j. 

In thin scti is tis shw vry fine cl ~y ;:i :trix 

in whici1 1 	iunt f J.-trit - l ;r .-A.n1s of qu-::rtzp fold4lp ~r j 

chl;rito ,_1d : is -. fl-kis -:r., distribUt.,1. Thu GI ty and t 

r1trit ~i ;r :ins -.r:, n.; -.rly cqu~l in , : )unt. 	Thy wvir -:;u 

size )f thi~sc dctrit:1 cw.zstitucnts is 0.04 ..:. 	Fins ;r'tins 

,)f :. l -;ntitc .ni1 hcr:~ ltitc; -.r dissc,:.:in 	 cl throu ,n,)ut th.: 

:1 ltrix. 

^u~.rtz; 

It is ::. Est 1; in ant ,.n,r,..1 -ft •r t 	cl •.y ;; , tr X. 
iiidivilu-1 :r ins .r.. ;)f vari..u; sh~.p;.s with -u' ;u1 .r LI ;. . 

Nic 

S •.'.1 :.usc )vit:. f1iks .r.. r .n:1 ...:ly Sri .nt,.,i. 	t 
.:.: p1'.ct:s thug :r. 	1-n .,t.1 p'r.11L1 t 	th.. b~dJia p .:tes t 

Fc.w ;r Uns )f unw" :thor d f.:1dsp :r 	rvL 

UP )EM f~4L3 

Uppor T,?s :rc rpruntd by i v irl,;ty •~f racks 

sU.- I .s siItst.nuy qu:rtzit;s, 1La,:st-)n,3s nl ;ri.yw1cku. 

(.) Siltst~n,.s (sp T8 , TO slia;; T9 

T~'i.:sc :rc v;;ry fiii. ;; ;i~od racks of rd :nd 



bl ,.ck c 11 )ur. At pl .c 	rd siltst:,n, show 1 :tr .1 v ::ri- 
1ti - n into ;r..n sh1,.iLs. Fissility p'.,.n~s *-irc wc11 dovcl_)pui 
end tii.: -)nly.rcc 'niz,tibl_ :.in..,r :l in h nd. sp~ci..ln is .Iusc,vit.;. 
31 c siitst n ,; :vu cis.::_ic .1 tc,st cf _ rn.;n.,sc (sp C 3). 

In ti'l- thin 's2cti~z th,; principles cl .stic ;rains 'tr 
1 ;ul tr t.> sub-r - urzd d qu ,rtz ;r °.lns, '.nd ,.1t„rLd f.,ldsp rs. 

The c::.,ntin„ 	,tL.ri .1 is ;,jnc;r iy fcrru, vinous but sis:._cti:,;,,s 
cl y ils., srv,. ^.s binIiLZ., r :t ri 1. 	P lrticl:;s ;rj usu .11y of 
siltsiz. :.a.f hiv,; : v,ry n Irrjw rn , cf siz;; v .ri '.ti n. 
Usu 'lly th, ;;rin b )unclri ,s ,r- 5j): ch but s 	cr..nul 

It is th 	 .inr '.1 s,a_)win, wzvy „xtincti n 
na struinvi .,ff_ct 9 	thus 	irrltc ,.tin ' 	its dLriv lti jn fro: 	Si .0 

:;t xrpiic s )urcc:. 

F..l~sp:rs; 

Few if tiic f .1.1sp.r ;r .ins -ir., quit„ fresh .n:1 sLiiw 
r:.pt .d twinnin -. Thcs,, pl ..;i acl .sj fldsp .rs ir.. if übitic 
c :.p )siti ,n. Twinnin ; in 	if th. ;r gins hjvu 3blitur-ttu1. 
0cc 	n-1 1_y ;r in )f _ icr >clin s1 )win  
twill J; ; 'rte -)bsury .,d. 

I_tusc vi t=. :nii Ui t it c: 

flk;;s zr,; ; .nr illy b,.nt '.nd 1_,-f r:. ; i by 
c ::.p cti rl )f tn.: scdie.unts. 	Thy :f, nit s.-z )w my pr..f,sr:,J 
)ri .:nt -)ti -n but .,,:n., r 1 y 3ccur :t the int,.rst ic,,s bit a.;;,n 



qu ,rtz - r : ns. .3i-tit . 21 	m Twin ' nI~ ,c1xr i :. ft ,i. f .into 

:r.....n t 	;rl..n. c ?l)ur 	s.,ld . prnt. 

6i; :'. _ •r .ins ,f t _ .ir _ .? i_z 	pi -sc1t. 	I'ii is 	»L 

p1., ..c~lr )ic fr .11 it 	ll '„wi, 1 ;ro,n t ; turbid 	:'c.::l. 	ih~ 

r .fns 	r,unr1. , t , sub-., u 1i i.z s-,a•.p., .nd t...vz,rsu l by 

c'Z .r +ctristic cr .cks. 

	

3 ).emu :rt zit_: 	(sp i17 9 i12 s lil., f17'  ilk ) 

,u .rtzit,s :rte ; ,a r .l-1y c ~rs 	r ..L.i- 	'r.Ltty ::.: . 
.,v..n s .:. ti,-- s p.,b ~1y. 	S r .,; v tri-tics s''l)w very o) r s rt n ; 

qu :rtzi :r .t as -.1f v .. 1 •us c L 'urs. such :s v i l . t 9 w iLtU :.ad 

roy .:tc. 

Pob',-1'y qu :rtzf.t .s 	1s , ;ccur .s r.iyt'Z,:. 	fir. 
v~._°i t Sr. 	i'IJ pc; , .1.:3 s'1 w pr ,f,.r_ ~.' )rL. nt iti _)nktn.. i)n 

(iyt- 

	

_)f t 	pb,)lc;s i 	. . uch .s 3 c: Ls 1.)n ;. 	Thy :: htrix :)f 
this inlur-t--1 rjck is v ,s'JT fizz,: ;r in 	iii pob;.L s -luriv,.a 
f:.. vin qu-, rtz ,.r:: 1s.) pr.sc;nt. 

Iii tri., pb.-)ly v ?ri.,ty t1Z,_ 	ntin; .: ;tri l is 

;.r1..r ,..ly fine: ';r ,ins; l c1 .y but Dthcrwisc si: is z is th.: 
c....,ntin ; L' .t~ri il. 	u , rtz g flrlsp :r -,n:1 jt:zr h- ,zvy 
” ir~r ils :r' t'I;' .in c :;rest jtuj:lt ) f tai r-ck. 	Thy ;unr .I 
c -: p 'siti 	f tj . rick is in tic r :_i ;c, ,f )rta,)-qu .rtzit_s. 

,u .rtz ;r- ins h .v... 	v ry wi:U r i ;c sf sizo 



-49- 
lis lri-juti n. 	ut.~i c.nic ;r •wth .r unJ tn t.utrit ':1 r _ins 

h s to p1 '.cu. 	Thc. 	 j. cant qu-.rtz .;r ins h:l.v„ -v.)wn to 

t ir t. fun; n intjr~l )ck .n ; . ;' :rc; ;~t,. Jf ::Zft~ar?1 indiv i- 
1u -~is, in w'zich it is vry Dft;;n n:, ion '-r p )ssiblc is distin- 

uisl1 the :ori °in~l ;r .ins fro thoira  scc .)nd .ry ri: ~s. 	tircs 
sin ;lc qU- rtz ;r-:in sh:)ws oxtinctim of v :ri -tbl'.' do 'ro.,s in 

its -ii 	rcnt portions but cl. n, -.t ,.c1 :nJ p r .11e1 to tho 
1 :i ~•itc1, silo 'f t:i, ,r -,ins. 	This cxiaibits tit„ pressur;.. 

•'ist,rti )n of t;t qu-.rtz 1'.tticu ni indicts its ;:ct - .or~ is 
n ^tur. c. 

cl~' stD zr; 

In s ii :o sccti )na fc;1.isp r is quit 	un1 .nt •.a:1 
')ccurs s bi ; ;r 'in: (p :rticu1 :rly c ) .rs,. ;r .iz,l v .riti s) 
whil , L). s 	oth.r fin., ;r..inj l v ,ric.ti s it is w .ntin ,,. 
F~l sp ,r ;r,ins .r,- ;..n r .7_ty quit,, fr.,sh, 	Tw_ .i,. i (_.Lbito 
l zw) f,;ldsp -.rs 	•;cn„r 17y .lbitic in c ,. *.positi:,n. 
untwin..~;; fcldsp.trs sh)w --nu sut of cic. 	; .. n1. tl:.ost st .i ;ht 
:xt'Lncti:in. 	Grains )_f ..:iur,clin., ;ru f ,,inA ::.,stly in ;ritty 
qu '.rtzitcs. 

St .urD' itc: 

The ;r :ins 	zn,lr~.1 ~na sh~w plcoc:zris:: fry:: 
y-t'.cw to yellowish br )w:. 'C;i0 cffoct of cxtincti.)n is •c,n;,- 
r '-11-y --)bscur ,.! by qu irtz 'r fins. 	It - s::. ws intc.rf, ronco c.)I )urs 
y-'_1bbw .nJ r.d of first or?cr. 
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T7ur:? ;lino : 

ThL 	 r o ;,nL-r I Ly m ;ul lr t 1 sub- 

r: n,3cd. 	It sh}ws hi 'z rcli ;f ind plcr ,chr ~i s:: fr j:.: l.a:.;ht btu„ 

t) sky bluc ind s ;: ,ct i:.os fr -): p ?lu y ,.;llow t.-) :hrk yu 11ow with 

ch^.r^.ctcristic cr^.cks. 

Zirrr)ni 

It _)ccurs -is „1.-)n . tit _ 	1n , ;r ,ins witrz s :.o op .city 

iovo..17p1 - In ; the cr .cks. Uni r sd1 nic is it shows ,ii: i 

7rdcr int,lrf.r,cc, c- L;urs. 

Y, ic"- f1-k. s: 

must_)vito usu1Ly f)rr,,s vc,ry s~z•?rt fl k:s 9 1:)cita 
btwn qurtz 	r ._.ns. 	Ts 	fl ,i-ics '.r:. .. ,uI.LcI 1i )n,, thy: 
qu- rtz ;r ins µr •w sc :nu 	dcr inturrrcjnc,. c l ,urs. 

Ir n______  

It is fl p u a :yin ,r 1, 

R)ck Fri • - cants: 

Df phyll it..:s, LiostDn 	nl fin.. ;r 1in,:d qu -trtzito 
arc s.,:_etius present. 

(iii) .lc u 

The c1 '.ro us r )cks ir.: ::: inly :roy 	b I °.ck 
111. 	^n~' c plc .fus siltst nJJs. 	Suc,1 r)cks .rc: ; _nor .? ly 
f 	I in the :xi .1 p .rt of the Puss , jric sy,iclino ~ 

N) 	Grc Li:. es 	 _)nc : 	(sp P6 
It 	is 	•rfy c .l;ur, •. pzrtiy tryst -Lll_inu 



lir:.. 	with t:yin vu ins 7f c :1ctc. 

I..i thin sccti .n th3 rick is .:.inly :.. tide up '.)f c .1- 

c.rc )us :..tori '.l w:zic:z s ::c;ti:.c s h ,.s cryst 1:'_'_izc: l to c dcito 

( -17].1 - ito). 	The 	in :.:.ss is turbid u:idcr t:i,, :._ica _>sc pc :na 

quartz is thr: :Zly -lctrit '.1 crns±ltuent. 

It s~Z)ws 	'Litic structur,3 unx.;r t;7u 	pu. 

O)lit~s (dia. 0.5 	0.3 ::.) )f fine r .Lied c-i1cito zro f uni. 

	

 

so ;{ in~J n .trix f c 1citc. T 	c.)rc if J )lit ,S 
iS r , . tir.::s : 	up )f ;u rtz .r.,una iii.h ti .;r-)wti h.s t 

nl cc. 	Tai. >_)'it. 	turjii b:;c :u,(, -)f tir i:.. tur . c T t .' li 

z .ti n. 	 c - t?cit:, f .r. in; talk, c _r,, is :.uch cryst'.in,  

ti ri:.s. 	i7_ 	'_i`:.s :i, :gat sil)w Uly c ncLntric :rnth 

,>r r IL tin. chrtr .ct r. 	C .lcit,r s.i>ws ps~.ul - lc.iris.. 

Ditrit-t1 :r -.ins: 

nu -.rtz .n :1 , use -vit _ fl ,.kvs ir,, th.; :.:.in 13trit .1 

c-nstitucnt. 	A r pr~,sontitivc s :::.pl- if ti .; ;ruy li:.,:st )n3 

v , s .Z .lysti,d b,7 21t Titr~ti )u :th cI -.nu f Di twin,; rusuits 

wrc >bt tiro  . 

C:jnstituonts 	 orc3nt . 
:s CO3 	32.01 

Lg CO3 	 3).70  

Js i au3 	 X1.57 

ciub1:;5 	 6.72 

rat •.1 = 	100.00 
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• 0 -- 	1.0U2 

C a 0 

(b) 311ck Li _stun:: (sp To4) 

It is very fi.noly tryst- lli w bl-.ck c )1-,urcl li:e- 
st :n). 

In tin socti.in ;-uc.i':)f t:,L chl,'3cturs trc s :.0 .s 
th .t of (n.). 0-)lit,;; .wit ; t r,,pl^c:...o:nt h;vc lust t~zoir 
-)ri ,in -d structure z s. )w )alv '. tryst-,1. ,.as tic of 
c`ticitc. 	Ch~.'ictilt st p;rf;r..c3 :>:Z.Dw:;l tit it c-,nt fins 
1'n is 	t. junts. 

(c) Clc .r..,us uiltst a.:  

ri 1 c -1 ,ur-_1 c ilc Trc )us siltst )n.: is vary c. p •ct 
az i r sc: a1 s t. th . rL l silts, .z;. of uppc _ 2'1, T'iu 
spucW .cn fr,.. T .b }r, vill ' in L - i-1 ,ur shws s >:.,; atrit :l 
fr --;, ,Z pits >f c :lcitc in'l -.; . ; L~zitc. 

0 :::u v l,rict i,:s c )nt .in Pc, ,. bt s, ti c cr: t 1.,n .ry 

buc1i~s, fl:ttanc,l plriLi 1 t) th.: b. d.1in; nl.ncs. Tho 
pul ots iruu .-)f 	rc,1 cil.,ur 	mci ulU.psoid-t1 in ships -:.Zd the 
1 n ; di ;:tar f thuso r,ki;os fro:., 	0.3 	t.7 0.7 r,.. 	in hind 
sp„ c ir.c.n. 

'Jnlcr t>z., icr Esc -,p-- vary :.inut: ;r gins if c .Zcit;; 
~• ~ f unu :s 	•tvs in 	fine . itrix -)f ir:n )id. 
In'. c1 .y (?i ; 41). 
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D - r -.Lns; 

Fine ;r .:(:1.; l qu ,.rtz but c~ :i~scr t~l .~ c :lcitc is 

s':.3t i::~ s pres.:nt. 11C : fl 1kjs prisont 1) n )t sty uw any prc-

f;,rrcfl ricnt :ti,)n. T-)ur:. \lino plo')chr - ic •fr ,: p :1u bluo; t,) 

blue is f - un1 is inclusi)ns within bi., •u:r ;rj..ris of qutrtz. 

Pell;.ts (sp P9 slidi P0 ) 

Pollcts of u1U-s ,id ,.l sh. oo '~r, f und in -.:.:trix 
)f c .lctro uus siltst no . Thso p-,?lots sh. w C zcun uric ;r wt ~ 
linos w1t'1 lt;,rn-:tin ' 1 ;y.:rs )f fine •r .in: i c1 :y uid  
3r -k-n pi-cvs )f irr, ;ul :r sh p:s -:r., sc t r 	in ti 	;1" unJ. 
:,-.ss (Fl.; 41). 

Js (19t4) iuuscrib., -1 t.za f )r:._ :ti .n f th s„ p1L,ts 

by " , ... sli •'z' c trr,.,.~t )r w 7v., ,ct i . in - fines ;r -..-n...l 
prucipit '.to". 	Tic sizas .)f h.:so pullets is quite bi ; ^s 
c n^r , : t the :..-.in ;r un 1 ,. -s3. 	'Th. 1 :ck of s ~rtin ; s,. ,wn 
by t.1., finor -;r: .:s :: ns t'.-i.,.t tnosc sizos wur,, c , : ;ul t„ 	end 
pit 	s fl 'cculos ^t the ti::o of op.)siti ;n. 

Gr w-w"ckc r )ck; 

It occurs :s veins in r- 1 siltst no stria-,in ; Ad-S. 
Tliis sot if p err ~l'...1 veins (Fi•- 13), v.ry in thickn 	nd 
S :'W `Jr:.ins pinch.s unwt.rd. 	On w3.tn.;rin.; tilis r_ck sh.aws 
p .~ ' us txtur„ rynd c ,nt ,ins wall ru idcd nuts of li..:stjn~ , 

Thu r )cc is 	;rcyish 	, ru,,.l 	in 	c 1 ur in1 vary fine 
*r- ono 3,. 	n •ul :r clips 	if s jn1c 	f.)rai;n r ,c'c iz:i spheric it 



nuts 'f li- .;st stn 	Lnclud ,. within th- r7c3t :.-iss• On 
w.:ithcrin : it shiws p r. us texture. . 

• Unlor th:: r:icr-)sc :p:u it, shs psJuii-)-tp )rphyrit!c 
texture, p'J.ur.~crysts' )f qu -.rtz 9 foldsp r 9 t ,ur:.. tlina, r.. ;ntit,; 
end v'- ri)us X c!c frv;i,unts )f qu1rtzits, 1.:,.ist,nus -and phyl:itL 
Tho r.-itrix c ,nsista .)f s.):.,; firn.: ;r ind turbid :. ss of 

1,-At-, ,.n-1 us c vitc (Fi.;. 40). 

~u.rtz is the :.:.st prt:A.:..in ,.nt .irn'.r-1 'mni occurs in 
r :ri us sh'mp .;s :n1 sizes . 	Th„ :r -.ins mr., ;,.nu;r illy in ;ul :r 

• t sub-r u11 „r' wit; a:. )th i.: mr gins. 	CqL )rite )ccurs ^.s 
-)cc --.ssi -.n ,l v.,r:.i-iztr ;r wth in th qu .rtz. 	Ch-.rts :n.:1 
::icracryst~Zlin.. v :riLtic s tr, s ;..:ti...s pr..sc.nt. 

Fcl.isp .rs :r.; - cncr .k_ly qtitu fr.;sh. 	J',ri.;tLs purthit„ 
icr )cline, -Lrc ')ftLn °usorvu . 0t'i,,r f„1dspmrs sh ,w p,ly-

synth~:tic twin iin ; but ; ;ncrz' l.y it is blitrryt 3, 

T.~ur: ,1. i ,: : 

Fuw ,r,ins cf t )ur~.";'.in ^ru pr.,scnt. It s ,I),WS plLo-
chr pis: fr-:. y~Zlcw t a 1 :rk c Lur. In:1ividu,m1 cryst tls .rte 
rcct .n ;u1 mr wit~z r. un.L; a ;; ; :s - .n tr .v..rs.: i by p'zr m11.1 
cr .cks. 

ck Fr'm •:.ont s : 

Cryst^1.1inc list nL fr'm;:.;;nts :r. v.ry or. )n, 
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S :.' 	ir.s '. pi)rti ,n )f sucLi fl'. ;:.,onts is c..) .rsly crystii inc 

w iilu t 13 rust. of it is cryspt tcryst l' in.;. C. only c > itin 

.,,f it- n xid3Q n th, ri::s 	' lis_ st )n;; is f_un1. 

Thar:; :r.; tw) v~.rivti..s Df• qu-.rtzits' fine .;r .inci 

c , .rs 	r >in,!. 	I _ t'-i., c) rso v -.ri„ty c :1c Ar” us r. t ,-ri -1 

which h'.s tryst .l,.ize1 t c tilcitc arid d ,l ..itc; h .s s.:rvd -ts 

r.^tr i-~. 

P' yUit-s ,,;n: sh °.L f» . ;: _cnt ; '.r- vary fin , :r i i .,, 1. 

Fr. t'z. t ~xtur .1 l.:al vein. ~ '.1: •ic .1 stu li..s t;a., r )ck 

f -:lls si..~)ly i 	, c :t... ri_.; .f :r .y,6l .ck... 	But 	y-wn:~, 

is . r c'c tlith tuff .c:; us 	.trix zna br u.- 'It ib 'ut by si: 

nr.c:ssJs )r i 	tr w r?s t'i.,ir b.:•, in ; s.: uld b.. in p-.r :13. 

lis with th, c untry x c... Ont 	r ;u : ;lt ; ;ic c iuld b.. 

f -,:a-.r:1 f' suc;i 	fi .la ;ccur,.'., :c., is C.) t riink ,.f ta,, fs 11i-, 

if p..;n j ;int 	al tn..s 9 ss; . ,.1_tcn -usly wit : 	s..li::ont -.ti Dn 9 by 
tht. r ck fr.'~.:;nts %n-1 fin,; ;r .in-I . :trix ...:t,ri ilq but it 
will not explain pinching of these veins. 

S DI14,112:I'IOW 

D .1,-.it.s .r.. ;cnur~ll,r r,, ; :r-1.;'. t - b. f.:r- oI by 

ropl c;.: a :t _)f li:: st n. 	R cl ,c~..int .y t k.. p? .cL. in t;1c 

rivir a---it cf dup )siti - n. 	In th. '.r 	the str :ti 'r .p'iie 
parsist -.ncc of ;.,ny buds _)f d.l :..itic li:..Cst , nQsy 	•;xt.:ndin.,. 
)vLr :.•ny sc,.u .,.rc. - i1s inJic .t s th .t .thc: d )1 ):.itiz :ti)n is 
r.:sv.tt _)f ru ,.cti n cf li Lc-c .rya n Stu s,;di. ants :n1 i.. bu -.rin•; 
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Ov I*rlyin ; t4k_sc li::.,st )ns 	thj L:)wor '5-,1 sh .ljs 

shl,win-, 	f~.ultoi 	disc' of jr:..:.b1.; (?)• c-)nt ,.ct. 	Thc:Driti- 

c.11y un,Icr c ,n;1it1 ns of p~ncpl .ti ,n, litt1 jt[.or th n i'>nic 

^nd c_)TIA,1^.l :.~tcrj~.1s sh u1.a be ror.:)vA fry:. tho 1 ,.na ^.re,. 

,nd ro .i t:i.. b ,sin of 'l,:pl)siti )n. Un~-r such c ,nditi ,ns it n 

1n. silic :: i ;ht '-vv, ::i :r td m.n1 ':co.u..ul :teed at f w uriblc 

sits t. fr.. chc:.ic-1 dop:sitcs ,f chorty sh los. Thuso chcrt:y 

dh~l,s w ill than c.rr.;sp ,n I t) the r„ .ucin: nvir .n;:ont of 

.,cplisiti n. 

Black sh'l.;s lyin ; ~.b :"v.; c:zrty v .ri-ty 1rc c )p :r -tiv--
ly :. )ro 'luinous Lid c nt~in ;r .ins f it:h.r :i4:trita1 ..in,,r -.Is. 

Upw ,r is t'Zc pr.,p yrti as of t:hcsL :lotrit^ . ;r -:ins ; -) n incr'..-
sins until thcy ;r .L int . r )cis of uppr T-1s. 

The c 1t.Lzu..1 lcp) La in tiij b 'sin r.;sult 	in t;a.; 

s;-,-Il)w-.l-ss of tic. b-:sin )f scla..:lt .ti n, 	Taus 7xidisin.; 

.: ivir :n:'cait w •ui. h .v., prc,v .ilc a, 	Such w .s tho prib -:blc n .tur(, 
f th , sc irnt :ry b :sin in w.zich t}z. r :ck :>f upper T'- 1s ware 

1:,0 'sit-d. 

Up )or T.tl qu^rtzit _.s arc ;oncr illy c-.' '.rso ;r in 
::' 'I .v 	wi 4, r i ;,; )f .,r .in s izo tistributi.,n. 	Tao c.; .rsu 
•r .n._1 n^turn •~f t:1c sv-Iir ncs 9 uicl tL7; i.7 r s )rtin , w.ta 
i ui -.r ;reins is ia1icz -.tivc )f the s:1 :11iw w :tor n tur~. It 

'!is . su ; ;-sts t', :t t,i.. s .urea. -,r_-'. _)f those sodi; .cnts w is 



t 	vr.ry f '.r 	- w': r, JIL. pr 	sc;iic:. t}li: 	1^: 	in .o a f :.ic 	us 

t - ri .1 in Wuatc cu"rtz1 t s no-.r Ji .b rrIth~t Ti]. B r 	..'.y 	b. 

'tttributol t t;1.- so .son -,.l c'.,-,.n ;ccs r..pr_s,.;ztin ' t'L peri3d )f 

dry w :ter w,n-1 ti :; site ;f ,1L; p.)sl.ti )n roccivc d .li ;ht : is 

p,rticic,s. (Fi. 16). 

In siltst .1.,s -t :.'ra1 	no -.r C ifLrts L 1;c:- T. 11 

Br 	ru f:.unri 1),:1s if intr f •r: ,.ti:, n -:i c n. ;l > :::rttc (Fi ; 18) 

Ts c )n '1 	r 	lisol .y iritric .tely f )1I c1 1.mina` su; 

th:t tho of r; .ti n occur •ail lupin.; )r s`1 )rtly :f -tar iv siti .n. 

Sub-r , unl 	;ra c.'_ cur .1 fr 	it s 7  s List n ;s .r L 

Li r A c_)l ur. ! s itst .n.;. 	eUCi c ni ,L 	.r-ts ".r 	;.a r tLly 

f )uli 1 t 	;ccur Li 	 ri zo -nv .r r ..,:it;; 9 wa3ro p r;: i 

c .ns lid ,.t 	. t.,rt .1. 	t rn up by str n; w .v„s .'LL 

• rc,-a, p _it,.:1 in t'i, st:' 	i n.:.rly cont 	)ran.;aus 

t ; l c ,l urs 9 	ri'iil.. : rks (F. 36) 9 r:iy 	Ic b„ ;iin 

ua cr -:cks (Fi : 17) .ni P_1?.ts (Fi <1), all-t ; ,thc.r rc 

su ; •ostivo 1f sly ..1 -w w t..r ,.n k axiii zin.; c n liti n 	lop siti 

1.r t'1;; Utmncr T .ls. 	Thu 'bsunc_ )f f ssils in this r:: t:l_ )ws 

s -... : )rc li-,ht )-7 t'zc c 'n,,iiti ins :)f dop ~siti n. 	It is 'c ;liovL: 

ti it t!i. onvi 'l cnt )f 3. p ,siti -,n c ,uU a )t h .vc; boon t« ~t )f 

not. '.1 	sh,.? 1,w n ri.Z: w :t. rs boa use undue such c Fnditi .ns 

z' ' i.c ,;nt 'y aic . _ -:t r 	-uld h .vu b - ,n inc to :ie1 t 	r, iuc:; 
tip, it n :nI .;Ii..:in -,.t, t`:_ rte' c)l.ur. 	lno r.:1 c 1)ur ;f t;i., 
sc,? • .ants c ull only h tvu bun r.;t :inl unc.or c n;:iti..ns )f 
such r :p-i4 dL ) ,sition .s t. prwvcnt t'.z., c 	)niz :ti •n f th . 
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b tt ),: by r ; .,lLs s 9 thus li:aitin , thu Clu,.ntity c .p'.01) )f 

trio , rpa -, ''.t]_ .n i i ,thc. s- i:....lts. 	Ch C_ str jj ; 	.cti ri which 

fr3qu~ncly pr..viiis in sh ,..Ll.,w witc_;r or .uc~s ;r.; .t wo tr jn 

cvrythin ' th -,, t ant rs n1 s: thu fr . ,:.,-ntr,f f .ssils result 

(R„'Dnrt~d by 'ut.:lu2 fr.. Si11_ . nl lei ; .1_ - ~rh). 

iid 4 ,LIZ ,LTIO.r I 	 ~ __ 

in r,.liz .t i ;n in t;.i. :r., -. '.i is t .:cun 	b : th in tau; 

T^.ls '.nd t}.1;, Llr .,ls t11 is 	 Pyrit,; .nd 3 -.rit,_. 

Pyrit.. is f )un L b >'n Li tli;, i' .ls .nl t;hL, I 	la iihi1 thu 

B - rit.. is r;.strict„ i n1,- :Jit,hin upper sir 1 li st.,n, Df t.iis 

.r . 	Pyrit . ^.n:a :3 .rit„ b •th w,,r, stui'j1 unJr :.icr sc pU. 

Pyrite f uc~.r Mfr I it. st n.. is f ;u n x is C p .ny 

ICh 	n ir: ;u1 r vutns ml pac'ts w:-ic , s'i )w Pinch n.I 

swcli (Ft 25, 24) . 3 	t i, .us . vcry thin s h. _t f .;ypsu . is 

f unl 'n ,Atl cr oi_ L )f th c :nc,.;.itr it,, I pyri.to y which :.,ty 
b.. f , r,,.c1 by t'lc -it r :ti :ni 	f c .lciu:: ,i hst r )ck. 

Pyrit,3 )f th;, 1iw.;r T .1s s f ua,l .Ls s; .mll 1uns , i 1 
r_-..ss,;s in tht. bc.l -'in; pl ,n:s but is n')t very widely dlstr buti.a. 
(Fir; 21). 

Pyrit.: in th.. Uv xcr T :l qu .rtzit,;s is f ,unl ms 

p )ck..ts. 	T;ius:; s,..•.11 p ,ckc,ts it . -3istrlbut.; -Lt*r ni 	Ly.. 
~3Ly n: .3,v 	:1 it s,..' 11 :cus l,c ~liz~,1 ?p ickuts of pfritc 

c nt 7inin : qu .rtz if diffurcnt chzr ,.ctcr than the; qu. rtz )f 
h st r ck is fund. 	U inIi.vi 'u t1 p:ckut s : 3ti. :s :.'y wui ;h 
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Nicr sc .pic ch :r~.cters: 

Pyrite -:ss ci :tcl with Kr]. 1i:c:st no under thZc 

.7rc :-.icr )sc )po s'i.-}ws the f -~ ~-1 )win ; tcxtures: 
tot e 

(i) p )rpllyritic~§ (ii) 1isso_.in :tux tcxturc, (iii) isl ,n 
tcxtur~, ~, (iv) c.11of,re. toxturc (v) p~u.: -._y..ekitic tc;x.urc;. 

3uhcr i1 •;r .ins )f pyrit 	Iiss,;_ _in'tu i int> > fino 

:;r un1 , 'ss of c '.lc irc us sa'.ls (Ft ; 1.9 42). 	In.1ividul 

cryst.ls h,vc; rc:. ~.rk lbly str :i ;ht :c :.ctric :1 b :undri ;s. Thy; 
f ,ur sided cryst 1s •;cncr a.ly :ape :r as squ 'rQs (c n b:; wll 

son in thin sucti n) but trim -ul ~.r cryst ils r;; :lsu CL.. -)n. 

It is rc:. ir_kab1e that thy: pyrito •;r :ins d. not sft w any 

ton ency t ., f r: - 	; :r., ; :t :s but jc.-ur -Ls in live u .1 cryst ,1s 
in the ;r ,un l :.ass. 	They 	f unif ir. size of (.05 :.:.) . 
Pyrite s ::..eti: s h ,.s .lt.,rcJ t 	; ;cthit;, with which it s;Z ws 
c ulsi --n an -1 c -11•jf )r:. texture. 

Pyrite )f the Lower Tals shows 	;r up of Textur,s: 
(i) c 11)f-)r.: texture, c )ck -,rlc texture, pseu.l-. _yri.ekitc 

texture 9 e: _ulsi ,n t; xture 9 c o:.b texture 9 s..pt •iri ~n texture .n3 
?p .' 'm critic texture. 

Bi ; 

 

or cr;rst :1s )f pyrito 1s ,):icn~crysts are ;unc,rjjly  
ci'.ti with veins of quartz. Alter .ti.)n )f pyrito into 

'ethite~°r4:3 riven rise to a variety of sec ;ndary textures 



_cnti ;n; 	^b ,v,-. Pyrit„ ,t tby b sundry with host f .l ski .1us 

sh )ws thu bun'lin ; )f tau cle .v : .. 	Squ ,rte sh ,.pe .i pscucl ): .)rph 
if ;oethitc h .vu inter_-uptoi the c )ntinuity if thcso b•nt 
cic ,.v :•;us (Fi.; 43). 

Hicr)sc )pic cx~_.in ,.ti i of Pyrito ft ,._ upper T1 
qu.rtzit,;s brin.;s t . 1i ht s);:O int(.restin fu iturus.. The 
f ll .lwjn ; textures 'ru 7 : Zn ,.nt .. 

C.;:nt tcxtur~ 9 p )rphyritjc tuxturc y brcci :t,;1 
toxturo 	:n1 ri:: ,nd vain t ..xturu . 

Pyrite in this c so )Ccurs :_)st c .. o-zly "s co..entin 

r:~.t;;riTtl fo ' qu-rtz ;r :in (r'i ; 46). 	u.:rtz ;r .ins '.rc )f n~ 
,acfinite sh-.pc ^n 1 sh1-)w c ... my sub-r )un1e 1 b .un ~rius.. 

Nci 'hb)urin ; ;r,ins soc:.s t 7 bo c .unt,-r p .rt )f )nu tn>thr. 

Per". ;unesis: 

Fr x:. the fiell ch :r ictor lnd th. ._icr )sc,)pic stu_li_s 
of these, - )r )bible pr : ;,;nsis c .fi b,; L rtv„d. 

Dissc:..in- to.1 tuxtur- with -ui7,;dr .1 .;r .ins of pyrite 
br-)b :bly indic .tcs t-) the p)r isity of tho sh =1,;s which ; vurnud 

thL r.,pl .cu:.unt of thy, 1 fitter by thu for; .jr. Disse: in .ted 

py;its; in fi.;ld is found in the i:...udi ,tc n:; i ;hb )UrIi) , )d of th, 
c ncntr .t,.; 1 lens )id .: ,.s .s of its awn. Fi~LL .nd ..icr sc pic 

cxpl^inud by 
ch :r :ct;;rs ::,y~~ 1Bc13 F:cc :dv taco. ;, of ~.c,.:.cnt (Fi ; 19). Thus 

the c nc,3ntr .t;:-1 pyrite h,s resulted fr :. thy: c.)ntinuc'1 ;r-)wth 
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ind c - .losconco -)f innur.:crible centers, of rpl 

BcnIin; Of cl,oiv 	)f sh l.a (Lower ,TTls) -tit tho 
r..^r ;in r:^.y be for:::.-d due t the ;.r-)wth •.~f pyrite. 	R~pl-.co:..nt 
of sh Iles by pyrite, c :n be tr;uoJ rn thu b _sis of  
char-,ctcr ind the prescncu f pseud,-:orphs of pyrite; into 

;7cthitc -s inturupti ins in the c )ntfnuity )f clew' ;e. Thus 
there is rc s)n t) believe th~.t there; h-1 been 	st11 f~;, in 
ch ,nnol -tl )n;; which th:: sulphi-d,: s ;luti Ons cui__u 'rid bec Aa_e 

^ccu:_.ul~tcl 7:lcn,; the bcdd,in ; pl vies :s si...11 Lns )id b >dijs. 

Cunt t;-xtur,; of the pyrite; )f Upocr T -il qu irtzit„s 

shows thu realicu:nt phon)...ljn. It :1s:, inaic,tus-thit 
quartz ;r :ins -.ust h ,.v,, bun onus the mly :. ,.j or c rnstituunts 
Of the qutrtzits. L-itc.r this rock w )uld hive ben ltt - cko~. 
by up-risin ; s luti,ns with - ;r:!tur f rcu to disinte ;r .tG 

it nd :.i-kc ^cc ::.od,ti>n for the:. which ; ve rise to pyrite.. 
Few of the quartz ,;r-.ins which w ,uld hvo bcc.n subsequently 

in thz.ir in-livilu'l c-Lplcity did not fully br..tk but 
f r eJ = hin, c crick rnd tho -)pen sp ,.cc then occupied by 
pyrite. 

If t'7e Up )or T :ls wer.. deposited under oxidizin ; 
c 'niiti ins ,s they 'ippe^r to be the c>ncpt of uprisin; 

sulphid„ s )lutins holds ;e.ol. This c nc..pt is :1s,,) su,)rtui 
if the rel-.tive ;r ,in size of tLL host r~ck pyrite pickets b, 
t -lk-a into Zcc unt. 
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PyritL. in ,11 thy, thr,.. vtrie ,ies sh )w the scc Fni :ry 
r.;pl *,.c .::.cnt by ; );;t hit c. 

B LIT 

It the be ;in.zin ; .)f ti Tehri Re id, (na^r c ._ .p my 
Kh-d) by the silo if t!-, r:r,d twi veins if B^.rite c in be sewn, 

one ;f which is ne .rly 6 c.= thick in the )thur ,.b )ut 60 c1:. 

B nth veins 1rc n;; :rly vcrt ic'.l in1 strike duo N„-SW . 	The 
thick vein w-s tr,c..1 f )r ,.b)ut thrL furl )n ;s .1.:n ; Cup 'ny 
Kh td. It is w rth ::nti n th ~.t tizis Kh ,d is a n a f ?ult 
pl'ne strikin ; :ppr )xi_ . i.tely FE-SW .n-, which brin,;s KKrc~1s ind 
T,ls in c int?ct with e :ch )thr. 	In thv br'nch f this ni1,. 
luc; Siuth a vein in secti ;n as : uch is 100 c:: thick was son. 
S :.e s:.- ll packets 7f tlx b :rite c -n be 1 ;c :t.,1 near Jyi1-~br,; 
3i ;h Sch - -1 ant bel w s;ry : Sry:.'.j in the n-.1a cuttin ;. Very 
thin and 1,calize-d p ckits can be se.n .t the ; :tc: -)f Clare_.,-unt 
by the side if the r) .d. B :rites X13 7f Lancer Led. ;c shiws 
pinchin-; .nd swellin ; structure. Barite, vein -)f 30 cr.:s 
thiclmoss cm be lac ,.tv 1 n th,, Land -ur-Kh,tt ap ,ni :_ul.: trick 
near the c mt :ct between the Lower Tel sh 1;rs and the Upper 
Kr 1 lL:ust no. 

B tiritc is enrrally . 1iu:_ t. c) arse ;r ,.inol ,.n1 
is ->f ..ilky c ?l)ur. Thu t_: -.in f,:.turus ,f this barite cm be 
5u. .sized as bj 1 w. 



(i) The b ,rit .; is restrict ud t IKrjl D (includin.; E) 

li st nl .nd is f and in tho ni ;'Zb )urh 'd )f 

tho Kr.)ls '.nd Tils cent :ct. This c nt tct :t 
Tohri R,? id is :! f ?ult.,d c , nt -.ct. 

(ii) Irro;ul-r vains cut ,; :ch .)thor f-)r:..in, box-w rk 
p"t torn. 

(iii) B2ritc; is univursilly ,ss,ci itQd with C-lcito -in 
cft„n thy: r-ti) B 	04 	v arics within wid.; C SO4 

lir:its. 

(iv) It A . s not s h )w wt. ^.lt-r-ti Jns. Pinch m 
Swell structure: is c i :. ,n. 

(v) Upcor Kr,1 li:...,st no ( ) c ,nt :ins c -nsidor .bl, 
~:..,unt of -Iotrit-1 b-ritc. R~ju ;nd Bht ch±ry 
(1962) h :v, r.,p )rt-3. thz :t tho ins )lubl., rsilFacs 
-)btinod by _'.iss .1vin ; Kr it E lir:.,stono in 10% 
Hcl c nt iins 90% b trite;. 

(vi) Chc::ic :l cn-lysis d :nc fr.  :-. on simp10 sh )ws the: 
f>llowin: percont i u: of tac in.;r~dionts. 

C1ciu.. 	... 	46% 
B riu.. 	... 	44% 
Lv 6d 	 ..e 	1.ljo 
Sulphur 	... 	7% 
I;..puritics 
inclulin; 02 	.•• 	1.9% 

Tot t1 = 	100.0 
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(vi) Spcific ;r :vity )f blrit,; vtrius b,;tw..cn 

4.3 — 4.4. 

(vii) Pyrite fauni in thy: noi,;hb jurh.,)i of thcso 

b~.ritrs show toxturus rcprosunt^tivo of rLpl~.ce-

r ont ?hen ~r..onrn. But pyrites :ass )ciatca with 

b arito c ,uld n' t be f -un:l. 

It is ;on, rally cDnsid ;rc 1 that the barite is f-)rr.ed 

fr,r: hot s :luti_)ns. But hare; in this case the lack of wall 

alter^ti .n f li::.,st no - i :::.st suscupti.ble rock to hot 

s.,luti ,)ns i and the: absence of any essentially hylrotherr_al 
r:ineral in the barite -tss jcilti -n ,::-ikos the pr.blur, c >:..plie Zte:l. 

The )nly ino -us body of 1ny si;nific nt values are the tr ns- 

;rossive sills in the Kr ,l-D liriest one 9 but those are loc at;; l 

at such i l.;n.; distance fr i the barite; vein that thu..r ;unetic 

rul ,.ti unship c'n be 1)ubtc:d. Further those intru3ivus th au ;h 

have ponetr ate; , in lin,stones but cull not luvolop any hydro-

thorr:zl deposit in the near vicinity. 

B-rite; h ,s boon report,.' fr.  . vari.us oxid :ti jn 

zjnus. Zufflrli and Solva.ilori (1964) believe that there is 

s )1i -1 s )luti ;n between the barite 'and the an ;losite. They 

su; ;ostod this Dri;;in for the b-trite of Matorecohio clines. 

Zuf °ardi c )nclu e that the Barite in this irca is of super- 

'eno on'in and it was dep 7site.i by porc_~li.tin ; ;r_uni water 
s lutions which :iay have br ,u ;ht b'lrito for:: ser_ie other s Ource. 



If Raju and Bhatt chary : ) s results of 90Z of 

lotrit ~l barite in the resi:lue, ',r.: corru.ct then the zb.,vo 
;onosis can be ipplic ablo t) so oxt-nt in the above proble:_.. 

is r_.onti )ne l prcvi )usly that pyrites unior the 

i.icrosc'pc shows texture typic 1 of by.1r )thorr.al rupl icoi_ont, 

5.ia11 veins of pyrite and its 'isso:.:in tiofls are loc: tod in 

the sa..e nal^ cuttin; where Barite vein is fount. 	Further 

si ;nificant is the fact th ,.t barite; veins tonl to occur in the 

near vicinity of the Krl-T^1 c unt act ) which in cu:_.p any 1h a5. 

is faulted one. 

To zs3in my particular )ri ;in to those barite is a 

r:attor of further stulies. 	Systc :titic s a...plin; of li:.:cst onus 

n..;?r the barite vein and their cho_._ical and :._icrJse )pie cX'i i-

nati )ns ray thr)w li ;ht -)n its ;en. sis 0 

We nX.ics: 

:. systor:atic osti:, ti)n of the total reserve _.ay 

pr-)blbly in l is a.to its feasibility for cc ,no::ic exploitation. 

If profitable reserves are proved other requirer.ents for 

ox-Ioitation such as labour, roads for transportation, Power 

an Water etc. are: within easy reach. 



C: IPT~R V 

LAND5LI)],S 

1. G ~-LT"jR_)L GEOLOGICAL ID TOPO:rn:.PHIC..1L SET UP 

From the view point of landslides the Uoper Tal 

siltstones and quartzites are least susceptible. The massive 

Krol limestone formations are fairly safe thou. h the slopes 

ar--, rugged with ocassion it 1 6ndslips. The shales of Lower Tals 

and fiss Lie varioties of s iltstono and qu lrtzitcs of Upper Tils, 

are the most suscoptibf; and perennial landslides ari nur.erous. 

Landslides arc -morally fr-,quont on Thhri Road and 

particularly in the vicinity of 400d-stock School. opecial 

c::phasis has 'boon 1 yid on the study of that part of Tehri Ro ad 

which lies within the Eunicip :l lir:its of Nussoorie 	No major 

landslide is soon t:iou 'i oceasaional1.y a fuw landslips level )p 
soon after the rains. For proper 	preciati )n of the landslide 
phunemenon in tho area w,:akor p1 trios worn studiod enl their pi-

ssiblo off-ct an the future l^ndsliacs anticipated.. 

Between Ivy Cottage and J h ab .rkh.t Toll Bar on 

Teri Rod the roc'.c typo is danrinaantly shales of Lower T-.1 

which - hwo an average dip of 15°--300 in the direction N2 

with bedling Pl ones only 6 eras apart at tt Krol-Tal contact and 

furth-r widely spaced in t c rions near the l ndslidcs. .Tho 

slopes on a average are inclined 50°•~55° towards the road 

which tron Is _j-W 9 with the idjoinin; hills as hi h as 300 motL.rs 



fror: thj lowost b..1 1-,vc1 of th„ n':l : .nd n.; .rly 150 njtrs 

tbovc tho road l.:vol. Tho joint pl^nus tr, ofton pr-s:nt 

but not vary closoly sp-.cd. Thro sots of r,, -ijor joints w.r:: 

not.d. 

Jl -, irtic 1, 	stri`-,in; NE-Si 

J2 -° Dicpin ; 500 -- 55° in . dir„ction 	dE 

J3 -•° Di join ; 500 	in 	. diructio. 	511,1. 

Th.. LowLr T . sn~1., waici7 .r- c rbon :coous nd 
silicous in thy. lows p,,,rt ;r .os upw .r 's into r.ioro irk:n ic- -
ous t7pc. Th;, bl ck c :l~ ~r„ri sits :r, quit cor.4p .ct whjn fr,sL1 
but .rc trzvrs.,-i by vry thin c :icit,, infillLi ;s w:1ic.1 h `.vim 
-1cv,1 )pd :loci: thhL j pint pl ,ncs. 	tlon ; t:1...s. w' :k p1 .n..s 9 

1:: 'chin,; of pyrit;, h^ s also t _kc. n pl °.c,; y with th.; pr,b -•.bility 
of its 1ocor:positi -)n products r,. ,ctin ; u ; the hy,ir _)c `.rbons if 

c -.rbm :corns sh .1cs. 

Thy L)wcr T -~1 sh-.bs hors 	cl ,.d with d;.nso 
vct -:tion of tr„es loc -~11y Known 1.s B^nj ,nd Ohir (Pin.;), 
th r )ts Df w'zich pcnotr .t;, cIcLp into the s .lid rock t.Zr >uh 
thc. j int pl•,nus. Lhc rack is c )v_r.,d with 'i t:lin bl nkct of t )p 
s ail w:.ic:1 virL..s in thickn„ss fr )r.i plico t-) p1 :cam. 

2. DI;CJSSI0~T ; 

ThLr... is n.) sin ul .r c :us u of 1 :nlsliios Li 
rc;i-n but 	nua..ib„r Df f :ct ,ors to-;~,tizr c .usu t;z,; l,nlslid~;s. 



The r cks :l,; lr t,'1„ s..c )nl r:.-j or b~n•l >n i'.:ciri Ri a 

,z- vc.ry clDscly ; intc:,1 ii-1 intunscly s.r. 	The bldin 

p1-ncs ,rc 25cr_:s to 35cns rtp in ^n1 r.:cks Uri r:cr 	rillc us 

Ana c ,rb.:n^.cc - us. It is Twin ; t) tt 	1_oc-1 thrusts x:13 j .pints 

that linos of r )v,-mjnt h -.v:. :1vol .pi '1 )n,; which shtttrin; 

-Lnd grindin,; of the r )ck h '.s t '.kori pl^ce. Thy f.11cwin 

;nci s 	pc~r to bo is inly rL.sp asibl. fir the 1 ).;s..nin• , if 

str ttn.. 

(i) 	V 	s:T ~TIOL1 As m nti .~1:; l :; :rlicr t:1c L-,w-r 	21 

sh :1Ls 	sup-a .rt :Lnsc; v~,;Lt ,.ti 	n 7 	w.1,s(j r ),ts 
Lit , 	th,) 	j ;int pl n-s. 	T,-i-,.xnsiv,; 	f.rc..s cx;.rt„1 
by thcsc c-tusi the opinin- up 	f the j int p1:nos 
with ultir:,.t,. r1is, ; ;r.; ; 	,ti n. 	Th.:y :r; furth-r 
•:i'lc ' by 	bi )ch ,-l..ic .1 	cti n 	r..sultin ; 	in t.z.. 	;r~. 	-.t 	 _ 
1 	scnin ,; 	. f th,. 	str t subsuqu..nt Iuv _1 )p~....nt 
)f 1tnlsli 1;,s n lubric :ti 'n by w .t(,r 1urin ; 	r :izy 
s: .s ,n. 

(ii)CLIMATE 

() Acti ,n )f W :ter o T;lc cliri ,tu is hur:i_1 
f r :.: )st p :rt )f t,1,, yc ,r •;ni s) r inf -.11 
is v„ry tip .vy. Thu p,rcol 'tin ; rein 
w aters thhreu ;hh thy, joint p1 m. s c .uses 

:.,c : _c , siti ,nn : f it in pyrits in ; f _r:.: i-
ti n f ,ci;;ic soluti ins. In vi-w )f tll,; 

lips twirls th .. hills, th.. :ci Iul :t.,1 



w 1t:.rs will b4- e nt tLt 1 iAst u =I ga -tCh the 
un.—%r1yii i ,1...itic 11~..cst 	 s If call D Ana a 

If this pr)ccss is 	tD h :ve with- 
$t'n i 1).1.9 th.. s )luti')n c iv ltics c.)ul U be 
oxistin bolow• 

When lubric :ti )n by wRtcr )v,-rc )ncs the 
c %,fficilt of fricti:n -)f we^tilcru,i pr~3uct-:l -u p 
cl,y,  , 1 lsli lcs c :ul ; )ccur in vi..w of the 
f^v ,ur-talc slops. Thy c );)fficicnt cf fricti)n .)f 
wet cl -~ys is -tb -,ut 1.0 y c )rr„sp .nJin,; t , in rlam 
of rvpDsc of 45°. Slippin.; is further ::ccuntu-it,; 
by 1cp:siti n of thin clzy b1nIs, loriv.1 by 
peruclttin; w •.tLrs fr 	the ovcr lyin,; .r;ill cc )us 
siltst ncs it th c c )nt pct with the sal :loA bo s. 

(b) Fr )st Acti';n; Is th,; :r„ : -xp,,ri,Lnccs 3C -1sSi )n 1l 
sa.owf -tll lurin; wintur ) t;zu i.zuvit ,b1c ,;ffocts if 
fr)st - cti,):l -r.. oxpjri.icc .. The r :cks bin; 
hi ;hly j int er ' 9 	i' fr st iicti -n whc.l th... w 6tc;r 
iLz t:7 j ,ints frieczLs In l Ixp'n ,s ill v )lunc. 

This cxp-nsi ,_,i furtar h 1ps in th 1) )su:1in;; )f 
t'1„ j ints - arc ly .f —Ct. I by w :tcr icti. n 
lurin, th.. pr„c,..1in., r'.i:1y :..:?th. 

(iii) TOP 	APT" AND STRL;CTTJ~t aL F.CTO- 
As .tr..-1y :.;:iti ae',, ti. sl p:.s :A t .; si:10 of 

th T„.zri r l iro 500 in t S tthw, a '.ircti i with t,1 



-70-- 
Up of beds being 15 to 300 in a dir~cti )n NE. Thor c is 

a 	rlin-,nt factor, thy: caippin,_, of the j )int plane in the s:,r:o 

direction as the slopo of the hill with practically thio sat: 
inclinati :n. This woull be the dji:~in2nt factor in initi .tin; 

the landslides particularly as the rocks arQ closely j')intcd in 

other dirocti-)n as wall.. Thu fracture r.)ck will thus be sus 

c,ptiblo to landslide by itself and more so when aided by 

other factors already enur.,cratcd.. The j -)ints are stoLply 

dinoin,; then the bc.l lint pianos and w )uld result in the Com -

t i mn of wo,d ;es of various size and shapes. 

In vi .w of the foru,.min•; 9 it wooull appear that thu 

hill slopes of Tchri 1u -7d1 at places are quite promo to lqn,!-

slide in future us), In f tct 9 s rL,: of the s lid s are alrualy 

perennial and offer ;rot hazards. Preventive measure o.a. 
ror 

cinstructijn if rutainin'; w allsy -1't s: er: to offer 'zny 

per..,.anont re..cdy and the road is thus not usable durinj; the 

rainy season. At pl ices, the road has already sunk and new 

alil;nisonts ar. ivon after each major l nidsluo. 
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OT 0_V Ti m S 	:.Ici. 	Ot' TJ  

Earthquakes are sudden movene11ts due to Volc nic 

or Tectonic processes. Earthquako which ;ever .11y occur 

in re-;ions of r_,irked inst zbility of the cr-.st are often 

res-)onsible for groat dar_, .o -I.nd destruction to life and 

property. 

A large  nu.:'.ber of earthzqu ikos hav- occurred around 

I ussoorie and not h..ourin,; regions in the .Tort:iorn parts 
9 

of India, and Table * gives sonic of the important ear hzqu.kes 

occurred in the region during the last two centruries. In 

the Ga,rhwal-Kuz.:aon eartaqu ke of 1803, two hundred to thre 

hundred lives were lost with ;re ~t dau.;o to the buildings. 

In 1809 another strong o zr';hquake in G.arhw :1 blocked thu 

Vishnu Gang . river. Mussoorie-Sig la area experienced a 

severe earthquake in 1842, which caused destruction of 

houcos.. In 1843 there was again a sharp e ~rt;.zquzke in 

Muss')orie (Landour area) which was felt upto Meerut and 

Delhi. 

In the present century a devastating earthquake 

occurred in 1905 at :t zngra. D .ring this iLan,;ra e irthqu ike, 

'E secondary epicentral tract with an intensity of isoseisr it 8 



( ossi-For/el Scale) w s observ„d in Lussoorie and Dehra 

Dun ar oa (3.20., sq. miles). The il, aan ra-e arthqu-zke was res-

ponsible for great destruction to life ind property in the 

Kr,n ra Volley, Dha r-Eshala and the hilly tracts of h ndi 

and ulu. 	Considerable damage also occurr.:d at Dehra Dun 

hussoarie 9 Chikrata and other towns. The dome of the 

oorkee University buildin,; was dux: i;ed and had to be re- 

built. Cracks in buildings and other minor d :~.ge was noted 

in Lahore, Amritsar, Jullundur and S.zh .r inpur. 	.s much as 

20,000 human beings are esti.:J.t~d to have perished. 

In 1037 an earthquake wits{ its epicenter it 

U.P. Jimachal Pr idosh Bord 3r w zs v.;ry stron,;ly felt in 

Dchr Y Dun and .nbal and strop ;ly in :iussojrie and Roorkoo, 

o record of damage to property or life is -Lv a,il •ble. 

Local enquiries show that people in the eastern 

parts of iiussoorie i.e. Landour zroa experionco moderately 

strong stocks frequently durin; the present times. Develop-

mont of cracks in the buildings near Ledar vill ige bias 

Also report od. The shocks are more 	frequent during tie 

t_onsoon seasons, 

TIC "O:IIIC FRi11v1 ;i0RK: 

Nussoorio is located in the lesser :iirsal ayas 
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within the Krol Belt. The Hilayan belt scows the presence 

of several thrust plJles alo.ig wiiica slices of crust have 

roved considerable distances i_1 order to adjust thei.,selves to 

the coupressive forces. Jutoah, Chail, Giri and 	ol 

thrusts, and main Boundry Fault have been establish.:d in the 

neighbouring SiI.Ll 2 area (Fig 3) . Tirol thrust and the Main 

3vundry Fault on t.ie east are cot ed in the Doter a. in and 

Tehri G rhwa, re- ;ions, where Garhw~l nap :e has thrustod over 

the Krol Belt (Fi 4), 

The isoseisi..als of the i(angra o ryrtiiqu .te snow 

1 N :-3 e'_liptic l trend p ~r ,.11el to the Iiir. - lzy Ln structiral 

i1i nr...€: t of the hills. The isoseis;•_als show a. graditional 

decline towards the south-eastern dir€ction. ..s a co.isequence 

of the 1905 earthquake Dehra Du.1 rose 5.26" relative to 

2:ussoorie: -.d this :!ovo-ient of the southern tract a..aooars 

to have extended fror.: the r.ain epicentrr:l track along the 

:Nhan and Krol thrust. 

The Tectonic sequence as worked out by uden 

(1951) and later ::codified by iehta (1962) at Jei una Hydel 

site is given as follows:— 



.7: 

L ' ( 7 

I to-It '$cries 	uirzites tiaitl 
sl tes 

Jev. ciian -- ~----- Thrust - 	- - - --- 

Pleozoic 

erti-.ry 

C~rridpur Serir:s 	Si 	with ,.Lior 
qurt zit es 

-~ ---- Nar'a.st __- -_- -- - -- -- - ---- 

Si?.uri 1 	 Zda'.i i Scries 	Boulder beds, 
slrytos, quartzit3s 
,.nd lir_.o stone s 

• ~L.- - T.: tU) i. U 	.~~iCi, ;~ t:iTI ..TIC.; '.L ~T~ID 	PL : T1ii°------ 

3ono i~i1 	Sub .t:,u-D °. ;s,. ti 	Cruinled red silo 
Lo --r 	 Sers 	 n1 i ltstano, 

ioc3.ze 	 bl .cl; pi. stic cl ~y 
w-Ah ,,ypsui:., 
sh,; r..d 1L..ost.zo 

------------ . •-- i1::k:;SI (ovorfc,ld) - --- --- --------- 

sef.ics 	_i::s u ,nu cJ .yst i1-: 
.Aocenc 

 
arid Si Ltst:.'io 

If the ro;ion .? ;oologic'-1 :.yap (i'i; 27) is son it 

will be f-- ini t:;-t 2arti try foam tiois i.i parts of thi Pu~-Zj tb, 
a.P. md .P. (Dehr : Du21), occur '.s two l-ir,;o, r u ply cresce_zt-
s'i -:pod o. b ~_r ;:lts of sediEcat .jy rocks O_uuid.d by the Pr.:-
Terti~,ry for: ttions of sub-1i;..^.liyl of •:ortiern India, 
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:,ccordin. to Krishnry.sta -m..y (1962) t:-iesa tectonically caild 

"re_entran s" bec fuse of tiler i:iflctions are the main 

sources which caused the e ?rthquake of 1905. 

The crocentric :.,Irgin of tio Kan ra ro-entrant 

extends alon the arc for i total distance of some 80 miles, 

with a chord dirt into of a,)pr,,ximately 60 miles. The 

Dehra Dun re-entrant spreads over 	area of some 7,500 sq. 

nil s and the crusentric mar in of this e..bayi.,ent extends 

along the are for a total_ distance of 70 : piles end alon 

the chord for a total distance of 60 miles, The rolhive 

dimensions of the K ---i ri. and Dohlra Dul i re-eitr m~t probably 

indicate the relative ma;nitude of t.me inflection and 

coz.prossio:i i.i plan smafl'erred by the two areas, the former 

one bing co..presscd more than that of Dohra Dun. Ibis 

indicates t,zat t~ioro are post- iuilitiss of accu.. ul .tion of 

tectonic strain and thdr release in future eitayr in the 

fore of regularly felt ninor s!-hocks or s me earthquakes, 

Local enq ziries ...:de in Mus3oorie indicate that 

to Socks are often felt witizi,l the L- -dDur area made 

up of Tal formations. These shocks appe it to be duo to 
local disturbances 	are probably due to col'.apse of 

limestone caverns in the Krols üon- the Tal-I:rol junction 

of due to thrusting and slippage along the rol-Tal contact, 



alon., w:1ich r.lovenonts a'- e zr to• have occurred as discussed 

in C:r tpter III., 

POS 'I3ILITY OT Ti'UTR E .RT 	i ;S: 

T:Ze forO-F;oin.; discussions iniicatc t'ait 

Piusaoorie is 	seis:..lic 	Krol thrust the Gre it 

Boundry Fault and the Krol-T al contact are the ' 1ain active 

zones in and around t h; :ro .. : 'ocent f .ult of considerable 

displ-.ce.:ent located at the i~r~l-Tal cent ;ct indicates -.o the 

seis:_:ic activity of this area.. There is no rc~ul:r poriodi-

city of the r= .j or o : rth.qu 1.es i.. this reion thou,%i ninor 

shocks ap )oar zlr.- o st in every ons 

o 1,.r-;e e.rthqu;kes :z~ve occur: of 1.1 the ar:F i, 
thou °,z ::ixior s'hoc is h eve be :z felt md occur fr.:quu;..tly. 

T'.ic r_:a:xi-:ur. felt inte.:s*_ty t '.usso,rio w - s 8 (hossy For/el 
Sc .le)..  • Thus it c n ho s ,fcly zs7u.o d t:iat no e irthqu ike 

t2 produce a:-i intensity r ore t!2-.n 8 (Bossy For/el) will occur 

in the area in the near fu;ere. :lowev.,r this 	y be quite 
cat .strophic for the bui, 1i_z;s 1oc .tc;d on slopes and other 

unst~.elo wre~.s. Therefore buildings should be desi ;.ied 

properly to resist those forces rid the st ability of the 
I 

s'-opts should be evailiiatod c ir-ofully. 

--- xxx --- 
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