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'IMF _CE 

The )resent work erbo- ies the result of invcstir ations 

which were c^rrie~' out by the 9uthor to stuc'y the f eoloey 

and seisr:icity of the southeastern r^rt of Mussoorie as a 

part fulfilrr.ent of the rcquircr:ent s of the aware of the degree of 

:.Sc .(Tah) in applied Geology of the TTniversity of toorkee eThe 

pro ,r^ri was jointly sponsored by the clop-rtrent of Geology and 

0ocphysics an'. School of t es(--.rch an,'. Tr^.ininr in Earthu-.ke 

Enrineerin' with ^. view to assess the seisr-icity of Mussoorie-° 

La jrur reriona The cnt ire rc. iorn was ivic'ec'. in four sectors, 

the vrritcr bein- -'cputo in the sotth•'cr.storn -arts of 

Mussooric e Th other three sc ctors we rc -'istributcf' ari.onrst 

Mr . P.r'+ Jaloto (E-ij*~ur) , Mr. S^.1 	k^ ('cstcrn Mussooric) --n''. 

Mr. 1hunen,"r- Sinr'h ("Torthr rn Mussooric) . 

The -ssoci nt ion of the oro eziic belts -n ' r • rthryU kc s 

is ^. well cst^bli she' f ,ct in co _o ~r . The ori:'in an effect 

of the sci.sic '-)heno; .cna is rcl-tc. with the crust ,.1 - 'isturr-

b^ncc s which arc r.:^nifester by the r colo:ic^.1 structures. Unc'er 

the various <loveloprent nl ns of our country, rany unrle1 

c'.evolopoc'_ hilly ro ions arc now bcini' -rovi"or'. with in-ustrial 

units r.nr' scisry.ic factor is one of the irportant consic'or^tion 

for d'.ocid1n' the size -nr' the c'csi,,n of such nroiects . 

proper invcsti -~tion of the seismicity of ,i region is, 

therefore, ^ necessary ;part of the r'.evelo'rent pror'r^r^res 



of our coum.try. .n", s1 u, y 1- 1- t r. t 1 h: sc i s-1,41 c t:* ,f 

^.n - re , hoircvor,  9 i^,s ; of to st yrt with th . . colo - ;T n'' 

structurr,l invcstir~tions• The nresrnt work rr;r br rcr^rrc' 

thcrcforc , -,n 1-ttcn t tos.-~.rr's this end. 
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S-ITt TIO17 9 CLIP':.TET'IST(RY: 

The ^.rc- herd . inciu-'c' Jn the •,rcrcnt urorl{, 

cons- :.tutu the S-E -moitic of Vussooric nv' is situ-tcc' 

between north 1t itucles 3' 	24.' 15" --y 3T~`' 27' 3J" ^n~'. 

cr.st Ion, itucs 78° C-~' 15}r 	78"' 06` /_5'' . I' is ne.ii y 

22 riles north of T'ehr^i_un rr/ 7 i. r s in survey of In''ii , 

one inch sheet 'To . 53T/3. Tlrc ^re ^ is Joc-tc-' J..,, the 

nap 1. 

The '.re- has -• he ^1thy ^.nc'. rx^.c'.{ir. c1i.r^tc throuCh 

out the y-^.r. The tcrncraturc r^nr'es hctwc ;' 2`3F (5b 

in the winter to 78`' F (2<<'C) in su --c r, Monsoon is co--ious , 

the tote 1 r^inf? .1 is br1.n; 7Cr, to 9('" ,-)cr annur•. Tbc 

nonsoon st t s it the ^-'vent of July ^.n,' continues through- 

out the ronths of '.u.•ust -r,' S •- terber• "urin;• this prxioO 

r^in is continuous for rays to; - thcr. Ter' or-tune ber•ins 

to f1.1 in '? vcM be 	J^.nuaz ^n.' r,brv-.ry arc v- r coi,'. 9 

nr the-re are frcr vcnt sr.oT1 	?? s these 	F c s~con~' 

week of Maxch the we'. ,thee be' ins to ch ,:gin , c ^.nf ')cco:-.cs 

warner. The r'onths of May ^nr' June r1.~y be consi'eroO as 



the best season for vi sitinv as tiwc].l as for ;'eo1o'icrl 

exnec?ition of the area . :'urin,,: thes, °'oaths the ter1r~eraturc 

ran-,'es between 25°c ,n;' l('Oc. 

The ori,:inal narrc of A"ussooriF was Y^nsurs y ~'robably 

bec^,use the -re was sur --osc'. t o be the hlc e-out of ^ bi;' 

out law chieftain n^,r,.cc' n,nsur. lowcvoor ,'T'ussoorie care into 

prorRine c after the survey of Inia offices were est^.blishec' 

by Col. nverest in 1137. y the cn-' of last century r'ussooric 

hr. c.a.rver'. out an i; rort•-nt rl-.co for itself r ont•st the 

the In~'.ian mill st^tjor 7. Its (lcvelo--- ent --n' n.ttrr-,ctior 

incrc^.se" subsrryuently ^.n' nog- it is ro^ul^.rly known as the 

t1 nuem of :Ti l l s't 

CCM ITYrIC_'_TT0: 	".CCC11YO ' TTC''T 	Ir, °" TTh 

:.r'JL.". - I1' F:,CTLF'T S 

For visit?n~' r'_ussoorie frog any --.rt of thf country s 

the journey by r^- ..1 has rot to be tern inatc. at nehr^.un which 

is a terr- inhl railway stmtion of the ortherri .ailwa y. There 

is ^. reular bus service running' bctwcen yussooric qnc' 

?ehr:v'un. Turin:; scaso the bus sc,rvi ' is ai so intro?ucec' 

betwcer t`ussooric :n, l'elhi . ithin Lhc town h-n,i nu] lccl 

rickshaw d^nc'ies an T)onios are the ori?y -reins of conveyance. 

In a .ition of three ';harnr1shnlas g there arc a. large 

nur.be r of hotels in rus soorice where ac comrror' a } on is avallabJ o 

on reasonable rents. or investira,tiorL of the area unc?er 

consiraer;,tion of present thesis 9 st^yin"' Either in La nc'hour or 
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T;ulri 7 7.zrzr is rost suit-,blc . ,'Jl r oc~orn aricnitie s of 

cntcrtrinr cnt ^n:' sho--in - -.rc rivn:i ln,ble . 

P'.LJSLJ Y 

The ^rc represents 	hilly tcrrr in. orthcrn part 

of the area is hi h( st ^,nr three nroninent hills are the 

Gun hill s C- st lc hi i]. anr' L^,1 Tibba. L-.l Tibba has the 

hir•hest altitude of the area an' is 7459 above thr r?c ^ns 

sea level. The eastc rr_ portion is a.l.sci cor .-ar tivcly hi'her 

an' is cor nose,' of r.ur. sous hi hlan,'s be in separate? by 

intcr--runninr v^Il oys ('fi - .. l(b)) . The western -art of the 

area is less un, .u1 ,t n , ar tc, 	rc er cxtFnt h-s 
r ,,ua] sly 	': 	(a)) •. ;roc 	corn-r c 	the- ,7 c, 	fori'.s 

its lowest 1 an,' an' is :L-o cscnto,", h;; a -~ 'or v 

(I~iarkuli "T a) which ult r tc).v Deers up in the un v^lle . 

Gcor or :solo zcn.11y thr arc is in initial st^.- e • 

~enuc' at ion is extensivc. r-'rs are cleereninr their channels 

r ;ularly.. Several cf tY c 	r.c f...owfirin_ turbulently hrouC h 

steep--wallc? : ores with '7 shancd cross section. Ian' sliOes 

are frF iuent alonr the walls of thr s€ norj es . 

The to'o;_r-.~hicL l c'nfir.*uration of the terrain has 

been ; nfluonce,' by the nature of the rocks. In reas eor,rosinr 

of shalos 9 rits an,' curtzites (T-J.$) 9 the 1a.nr?sca-~e is 

,Iiffcrent as co*-'- reel to that of Lir' stone any' r'olorite areas 

(Xrols) . orals have forme,' rcntly unr'ul.^_.tin~• or flat tonged 
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hills. On he other hand 9 th lirestone bo~'ics 9 both 

!:ir,h r^c:e -n(' Iolo,-.-tic st(,nl out v-r'i :~roi:in ntly 

ivin - ris.: to ' ru;--'e scenery any a.lost ba; icn cliffs 

anca rreci-iccs , often 	zarr1ous to club. In f:.ct 	or or 
a 

less ,Karst topo r-iphy has clevelorcr' in th-, area constituting 

of the Kroa_ lir°cstoncs . Sore of thy- ch-rf.ctc~ristics of Karst 

topo r'lnh J h-vc• bccn we it reprcscntei ii this re, ;ion . These 

include nittecd 9 c roovc•' anr' ru; -c,' surf:-_cc ('hoto 2). solution 

charnels, hu :s (fig; . 2) -n caves etc. Bone outcro-s of bare 

limestone h;'vc been cnrvc into fant,-.stic natura?- architcctur-.I. 

forms. Most peculiar- of ther, is the Car cl's `;ack :xilJ_. It is 

just :T 7 of Gun gill me looks ruch lake a sittinr• cririol rhcn 

vicwec. fro: a c'y s -zcc . (r'. 	) . ".ic of?-~cr :'.t1:'ctr 	ysioa~ 

Era'hic f I ^t urc s nE t , -ith 	t 	rO: .rat o 	rur ar of  

caves founc'e ^t various Mac s. Some ' of to: me huge in r'inc 

nsicn (photo 3) . C , ves sc 	r.lon, the '"incraic roar' arc 

nrisr atic in share with tricn• ular cross s~- cti,,r ('i:°..') . This 

shanc has bc: n acquires? c'uc to erosion cf thr rock slon[ 3 sets 

of joint -lanes trav, ;sin. the rocks, 

Drainat c 

The main Nussooric i d c,c -.ct s ^. a wt'- , shECG y 'a ivir' in^ 

the dratr_a ;e in two ,, roups . Those s~rcs h ich are in north 

of liussooric flow in a northerly direction ;. 	those which in 

south 9 flowing in a FS 'ircct ion . with the exception, 

therefore 9 of a sr.c.11 portion in the northern side 9 the 

drainaCe of thG major part of the 'resent area is from north 
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to south. ThrouEh sheet run--off 9 E;ullic s , ravines ' nalas , 
seepa ;c and sprin;-s , the entire body of offluent surface 

water is chained ultimately into either of two n , jor streans---

the Kiarku'li rTad?i and the lisiana rTac?i. :'oth of these are 

consequent streams. 

Kiarkuli Nadi 

The western half. of the region acts as the cat chnont 

area of Kiarkuli Nadi. This strear is dovolopod as a result 
of the confluence of several large -,.ullios 9 known locally 

as Khalas or Khad or Gadh . The chief Khalas are, from west 

to east Kukhankhad , Kiarkuli Khala, nhobighat Khala and 

Nalpani Khalil . The first two flow in TTiT?t-LSE to N-S directions. 

The Dhobighat K1:1a : f 7 ows in a 'TF#°S?! direction ancl. 1Nalarani 

Khala in rour'.hiy ^' -WS~' direction. '- ch Khalil. is i oinod by 

several snail channels and nalr.s . These Kha!l^s Join together 

to fore a revulet known as Kiarkuli nacdi . Just south of the 
junction with TTalapani hala this rivulet ass Ls through r. 
series of short f^.' Is, known as `hatta falls. Moving further 

south, at a place 2 furlonr• :T ,E. of electric n7owcr house, 
and this rivulet is joined by -hatt a Khala/Siwala Khala - 

Bh ac. moth of these Khalas as wall as the above rientionod 

NIalapani khala are structural stroar~aflowinr through anti-
clinal valleys. !Tenr the r°cctin , point of Kiarkuli IThdi 

and? ;hatla khala there is a steer creeping scarp (Photo 1 

and 4). I.t this nlacc Kiarkuli Nadi chanr•cs its course 

from S to S--!'1. Further S—N of P ussoorie Kiarkuli TTac?i is 
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adc?ed with, scvcral strc ".:mss nn' ultir atcly 'isch-.r, cs its 

drain^ie into Tcns river.. 

E,isr .nz Nadi 

This strewn flows in eastern region of th% 

and is developed on a sirila r pattern as Kiarkuli naCi. The 

initial channel 9 the Company Khar?h , flows alone a fault valley, 

roughly in north---south direction. It is joined by a nunber of 

tributary  channels along' its course. 

.,bout 2 furlonL s south of Wyr:berr IIir..h School this 

khala nass=:s throu^h a steer' an(! narro1► L:orn;c an for: s ^ number 

of step falls y known as Mossy falls. roving two furlonf-s south 

of the Mossy falls the strc-'n is ;oincc'. with 114v-1-. T'hala a nc'. 

becorncs a rivulet krn rys i.Lsfana T:-chi. The Tispana nnc~i 

continues to flow south w-re's a_n-'. ultiriatf ly r?cr~.es irte the 

Suswa Nadi at 0—lorc nt Tom 9 )-hr^dun • 

T?at cr Falls e 

The strcar:s in tho 1.inosuonc fc~rrat ar. , hv r vcn 

rise to numerous raI~ic'.s , cascuc,os anr' at r-.any r'1, c: s to r a nt 

ficicnt water falls (Photo i'c .5 and 6a' ) . The rost nicturesquo 

falls net within this area arc Mossy f; ils ^.nc' ' hntta falls • 

Mossy fal1s-~ 

I t a i st ;n ce of about two r.ilc s SSE of Landhour 

Clock Tower g the itispana Madi r ^sscs through a number of step 



falls. The hii;host of then: is 15' in hcicbt e Water disc 
harged Is snail an(' Qausc only a narrow st rc an during lo~a 

.rater period.• The country rock is lincstonc, +which is highly 

jointed. The :lost Prominent sct of jointing is running 
in the dircQtion If 40--22O, This direction is paral1o1 to 

the 1odCc of the fall.'Thcrcforc , it inriicatos that the 

fall has been c u scd by the removal of a rock—block along 
the above mentionod joint plane i Sinilar removal of othor 

blocks, along; this sct of par~.11cl joint—pianos, nIrht have 
givcn rise to the series of stop falls #- 

The scarplot across which the strcan course is fn.11ini' 
is 15 feet in height ane 25 fcct in wir?th.. The water fa11inr 
vcrtically -'ownward has corrcOcc1 the w-11-•rook <alonc its 

course b Thrcc such vertical cuttini s arc sccn on the w^,.1 

of the scarplot inclic^tc the shiftin5* of the fall at difforcnt 

stai;osa 

lnoth(r notable fo turc of Mossy fall is that the s3".e- 

w' ils of the down 	as well as the upper channel arc in 

the fcrr of an arch (Fir .5) o It sccr..s that previously this 

channel was an undorrroun' c rtvcrn , whose roof has now 

fallen to forr., an open valley. .. .,.. •( -, .' _1 'LLa 

'3hotta Falls 

t series of similar sn.^11 stop falls is located nearly 

a rile an,' a h~.lf west of lhatt trll ehcckinrr barrier ,md 

is knoUm as :'Ih itta falls. Thcsc falls havo nlsr been caused 

by the rcnoval of the rock blocks alonr joint pIn!nc.s • The 

f-11s thourrh n-)t very hi,•h :arc c.xtrcr~cly spcct^.cular. The 



w^tcr frrr- thcsc f;'lls is uscO for pro' ucin;- hyr'ro-

cicctricity. 

PLJ`T CF THE Pf►ESFP'T WOO 
,'.PTD ITS COlTTRFiTJTICN 

TI3 object of the lrescnt work was to study 
in cict .i_l , the rlcoloEy of the south-eastern Mussoorio 

area and on its basis -.nr' ^n the basis of othcr available 
c ata , to assess the scisrzicity of the rcr, ion.' The problen 

was tackled in a three-f^ld ranncr viz • a lame scale 

r:appin`: -,f the arcs ' the stu-'.y -,.f the rr'ck s'ccir~ons in 

the lab2rrt ory an collc ctiTns ;,f d^.t -: xcr ^r:'.in,; the 

corr.icnccncnt of c th:u tikes in the 1'lussoori~ Lajpur and 

surrounr'.inr rorinns. 

The r•c~l ,' is^.1 naprinn of the area was carried rut 

on 'Eif~ht Inch Mussc'ric and L,anc'.h,-;ur Guide Map s prepared 

by the Survey - f India in 1946s - 

The t-t~.l field w^rk was of twr r:rnths duration -.nd 

was carried ^ut in tw- star es , each tire follnwe by labor-

atory studios .  

Maxit,uri fielr'. -'at a were c^llcctcrl within the united 

tire allotted frr the field w^ rk.' Er.phr.sis has been riven 

t^ nark thc v^.ric'us lith^l-f-ic, l b- un-'^.rics with the rrcat— 

ost possible ^ccur^cy. Over 30° rock spceir,cn were c-llcctcc'. 

'urin•, the field wrmrk.' 

11-rc than 25 thin sr ct i ns ^ f the rr,ck s_1- cir~ens 

werc stu'icd un,'.cr the : icr sc-re .'.' few n^lishcd sccti' ns 

we rc cxar-incr! under the me ricr~ scrpe t ^ stur'y the 



rct, l lic nincr'ls '-.resent in 	fcw r- cks. The MrO/C^0 
-f 15 '. 1 ::it c -n' li"cst nc spc cir,cns w: rc ctc r°'inc ,', 
by the r:cth ' f EDT; tit'- ztior • r7- 'c l n,.lysL s f twr 
b-.sic r- ck s---; lc s were c-.rric''. -ut by Swift Pint Cruntcr 
r'. ct h 	• 

During• th. sty -t th- fief. 9 the utl: ,r c - llcctcr'_ 
inf ,rr-'ti- n rc: -.r -'.in the rcccnt :, rt.: Lu^?r,c s f -lt in t1:c 
-trc^ v The inf rr.,^ti-*n bu- -inc " fr ,r the n :tivcs - f rlruss~^ric 
w~.rc t -kcn '.,-wn *n 	t^bul^.tc - f' rr su, Tiic -.. by the °,ch^^1 
^f Icsc".rch gin -' Tr^.ininr- in v;^rthqu-kc Fin, inrcrinr. Thcsc 
w^rks -' 'nc 'urin__, the nresc nt inv, sti{--ti ,n rc sulto' the 
f ,'ll'win,, c - ntributi-ns t - the 'rcvi ,us , c ,l 'r icy 1 w- rks 
r'c in the rrc ^.. 

(1) It Crvc - lrtrf -c sc2lc r'zM_ inc f a--F, Muss ~^ric 
trc -, which °'iffcrs, ,_ssc:ntirlly in fcw r`spcct , 
fr,- r, the oxistin;' rc --1 1- ic- l r~-ps -f the ^rc^ by 
L.u , '.cn in -' thcr subs- rucnt w rkcrs. 

(2) The Kr 1—T^1 c - nt rct which ww.rr.s c nsi -'.crc ' s - f^.r 
-is ^ i-nc - f unc -,f rrity y h-s bccn f un-' t bc 
c nt-,ct -f r'isl,,c^ti~ r_ it lc^,st in the 'rescnt 
-rc-. 

(3) ;. rc,visi n w::s r.~.'c in r-s- _ct f thc hith;,rtt 
kn'wn "U; cr Kr 1s" -n' this f. rr.  -'ti 'r. h-.s n-w bccn 
,'_ivi-'.cy'. int tw, st ^ -•c s the U'-- 'cr Kr 1 lirest me 
-in' the U'cr Kr'-1 ) l-r-itcs. In Y.Jiti n t the 
ficl,'. ohrr-ctcristics M; 0/Ca 0 r^ti - ^f the r - ck 
wrts f - un' t bc the r- st sitisf^.ct ry basis f'r 



this cl-ssif ic-tin. 
( r) The -- ccurrcnco f b^rytcs is bcin rc' 'rtc'. 

f -r the first tir'c in th -I ^,rc ^,. Thcsi brrytcs 

-ccurrcnct th urh i r bvbly n -'t cc n :-ic^  

bcc^usc -f its s° :r1?_ siz ^fl' :r qu'lity, 

?_,~y bc. i~itcr:stin fr., -. -c'.'cr'ic 	int f 

view in res'- :ct t its cncsis. 

(5) The truc n^turc f the irnc"us intrusivc w':s 

w , rkc'' ' ut in th` ficl-' ^n" it w".s f un' t 

be ^, tr^srressivc sill. 

(6) The st ructur^.1 -n ' the ^.v-.il^blc sc i s:-ic - at r 

wcrc c rrcl^tc ' ^n -' it was c nclu,'c-'. 9 n this 

basis, thrt the scisr^ic fact r h^.s t be c ns-
i'cro'-'. -s ^n ir:^ - rt^nt f-,ct'- r '.urine the 

r osi gnir_; - n' c nst ruct i n f r.r y r:^. j ,r 
structure in this rc'i -n.. 



CIl1.PTr,i. II 

PrE 7 IOUS T!Ci,K~ I 	OOL.T ' :+^T7 OT???'rr 
coca , 

The lowcr Himalayas havc bccn 'rawing th, c attontion 

of the gcologists since past scvcral ''(-ca,-'cs owing to thcir 

structural complcxitics , JJ nu 'b ,.r of cxper'.itior s have bccn 

ma'c in s vr. ral parts of t: is r: ;ion i :ZClu 11.r,a th area ur.'cr 

invcstigatior, 1.n a'itions.1 g-olop1cal snt(.r.st it Mussoorio-• 

Pia jpur ar - a has bccr_ "uc to th ; prescncc of Mg', gra -'c limo-" 

stone an ' rarblc ' cposit s t As t r suit, a ruribc r of gcolo gi e 1 

works havc bcc carric' out in the art_a. 

Mc'licott (l64) was tic pior:,cr worlr in the lower 

Himalaya 9 who stu1ic'. the geology br t er_ L.a.vi an ' Ganga rivers • 

He has mat-c a passing rdf. rcncc to t.,c Mussoori.-"''chra, 'ur. 

area 4 

He Classifier' the prc--t , rtiar~r forr1etio 	of lower 

Himalayas into two brow' groups 	Ca,T: th.. fell owing s_qucncc 

Xrol 
r Unrw t -roxp ie s Inff,;iLrol 

liimleyan aorics 	 I nfr-,. Blaini. 

Mct amorp1l . c s-~ cryst 1li r_c an.' 
sub cryst lline rocks 



01 'ham (1883 ,1888) carric,'. out g,c,ologicnl 
investigations it the Ch^krntn Tahcil of ''chr~''uri -'istrict 
an in rc n ion -xt cn'1 in g upto west of Tons ri-.-c r • '=c was 
conccrnc ,'. chiefly with the Blaini rocks to which he suggcstc,! 

a glacial origin an" show.- -'. its cquiv!.1:ricc to Ta lchir 
series. 

Mi''lcmiss (1887, 1890) carrion' out -'.otailcr' 

survey in sc7rcral parts of lowcr HIirr1ayas an-1 cstablishc-'. 
the scqucnc given in the following ta.bic . 

TABLE lit') 
Sul -Ilim^.l y-  s 

Out c r ?'o rri-.t i ox4 s 

Inncr. Form-t ions 

"Tummulit i c 

T^1 

Purolc s1-.t c 
Folc-ni.c 3rccci-t 

Cchistosc series 
with intrusivc 

Gr cissic Gr^nit c 

M" 'lcrniss note -'. thc prescncc of 'tolr'.cr schistosc 

rocks with 3aitrusivc gneissic gr;ritc (ol,'.cx rocl's) c^gaping 

the higher nount~ins , surroun- o,' on X11 si ,'.cs an -t -. lowcr 

lcvcl by u t - norphosc -1 (youngcr) rocks 9 inc1u- ing lime stone 

an '_ipping tow^rr?s ^n,1 un-cr thc schistose series " 4. But 
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he w^ s un^blc to give any s nt isf'.ct ory y cxpl -'.nrition. for 
this rc1rtion bctwcon'Innor l gin' ' Outer' formations. 

Pilgrim an' ?Test (1c'28) c arric:1 out r -ictailed 

survey of iml_ c rc^ . 'T',ry -'cnonstr^tor' for the first tiro, 
the prosonco of n^ppc structure ^.n-'. overthrust with inversion 

of the str^tc botwc.en Sinla cnr' C' ~?:r^.t~. They classified Krols 
into six stages and Tals into two strtr,fi. 

to--.cn J.B • (1934 X35 237 X42) — The work of Pilgrim 
an,' ost w^ s sub sequont ly c ont inuor? by Auon (1934 ,1935 , 

1937,1942) to cover the lower IHim layas between Gmbh-r 2.nr' 
J^mun rivers. His f^nous work on t he Krol belt wr.s publishc'. 

in the year 1934 ..Soon -.ftcr he publishc,'. ^.nothcr to-.per (1935; 

on the structure of G^rhw-1 Hire(-lr,y^s. These works of Au".cnn 
r'cscribor! the structure of G-, rhw^.1 :3i a 1^.y^... IIc showo,'. that 

this region ctmnsists rf tw 	ipcsr°tL.c Krol-"'^-npc -vi' the 

Garhw^1-' appe 9 which hrvc bccn thrust over the young c.r rocks 

in the south—wc st 

Following t-.blo shows the 1ithologic.l scqucnco 

of lower Grrhw-~l Himnlay^s, c..^.st of longitui'c 78E ^s workor' 

out by ; u'cn. 
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TABLE 1l.Lb) 

Formations 	Unconformity 	AAproximate Probable age. 
maximum 
thickness. 

Siwalik 	 16,000 ft. Un Miocene to 
Pleistocene 

Muiiee a1i ost 
absent east of 	 Lower Pliocene 
long. 78° 

'Tummulitie 	 Eocene. 

Tat limestone and 	 200 ft . Up Cretaceous )  
Calcgrit.  

Up. Tnl 	 4,500 ft . 	Cretaceous? 
Ta1s 	nuat zit e . 

Lx. Taishale . 	 2,000 ft, 	Jurassic. 

( Up. Frol- Dolo-- 
- mites L.St 

and S' ales 
Krol 

( Krol rd shale s 
( Lr.  . I.rol L. St . 
( and shales • 

( Infra Krol 
( 	slues . 

Blaini 
( Up •Bla1 ni t3ou-- 
( 	ider bed and 

Blaini slates. 
( Lx. '31 a; ni 
( boulder bed 

rtagthat s • 
Chandpur. 

Simla slates 
(possibly equivalent to the 
Chandpur series although 
different in lithology.. 

Dole rite .  

3,000 ft. 	Trias• 

1 ,000 ft . 	Perrdan . 

2 ,000 ft. Talchir 
(Uialiam) 

3 9000 ft. Devtnian? 
4,000 ft. Lower Pataeozoic 

and Pre-.canbr i an. , 

Late Tertiary. 

Tote 	------ ----- = PTon conformity. ,, ivWN =Unconf ormity 
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:.uden has classified the lo-•rer- CT8rhwal I?it'alaya 

into three tectonic units viz. 

(i) The ,.ut ochthonous Unit. 

(ii) The Krol Tape, -nd 

(iii) The Garhwal apt 'e 

The tectonic map of a Dart of the Garhwaal Himalaya 

relevant to present discussion is given here,7ith (Mair-3) . 

A representative section is also g .vcn (fig. 6). 

Autochthonous Unit— 

The base c:l' the Autochthonus unit is probably the 

Simla slates series q overlying which occur i;ur'f.ulite, MuXees 

and Siwaliks. .. series of thrusts occur within this unit most 

important of -which is the r. n bou_nc~-ry 2 ult. This sen?ratcs 

the Siwaliks from the zone of Sir~.a slates 9 which undorly 

the Nummulitic and other lot,rer tertiary str-ta~ 

Krol ITappe-- 

The Krol Nanpe 9 w'.lich in C::.rhwa-. area involves not 

only the Krol series but a~.so the undcrlyin Blaini 9 

r?agthats and Chandpur beds as well s the overlying TPls 9 

is made up of an uninverted scrjuence of over 20,0(0 feet 

(6 9100 meters) of strata. It is bounded below by Klol 
otY 

tk%v* which has brought the^ -rock over the utochthcnus Unit 

The Krol nappe itself is folded by later disturbances which 

have foliated the Krol Belt • Culminr.tions within the Krol 
belt have exposed Sirla slates in Bidha.lna and Pharat windows 
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where these are unconforrrably overlained by marine 

Eocene rocks. Krol thrust 9 which i. s widely separated from 

the Main Boundary Fault 9 west of TTahan 9 transgresses south-
wards in the east and finally overlaps it. 

Garhwal Nanpe-- 

The Garhwal rTa.ppe is superposed on the Krol Nappe, 

the relations being such that the rocks belonging to the 

underlying Krol i appe corDlet ely surround he older Paleozoic 

metamorrhosed Sc' istose series of rocks of the superincumbent 
7 	 .~ 	TTY m4yL we r , nape and dins below them in a cent rivet E l ._ 	9 where 

thr rocks are more metamorphosed and include a district group 

of paragneisses and schists. 

In Gp.:7h%ral the Krol--•belt pocks are exposed in the 

form of two huge sy: c' ines with the intervening anticlinal 

belt exposing a commnl.ica.ted assei,blece of T'al. and Focene marine 

sediments. The larger of the two synclines is the Garhwal 

syncline which is en echelon with the other 9 that is 9 the 

Mussoorie syncline. 

The syncline stretches east-west between Kal si-- 

Chakrata and Iluni7 river in Tehri-Garhwal. The geological 

man of Mussoorie-Dehradun areal as given by Auden (1934) is 

enclosed herewith (Map-M4) . A geological section according 

to Agrawal (1964) is given in Fig. 7. 



In the year 1939 ^uden paid a brief visit to the 

marble deposit in upper krol limestone of Mussoorie. He 

estimated the reserves and discusscd the utility of marbles 

for the manufacture of calcium carbide. He suggested 

metasomatic origin for these deposits. Auden continued 

his study afterwards and in connection with the Jamuna 

Hydro—electric Scheme he discussed the soi sr.icity of the 

Krol belt . pc ,ording to f.udcn (19,-2) 9 the Krol thrust has 

been active in geologically recent pest. 

Krishnan and Swaminath (1959) have rcfcrrcd to an 
oarli er work of Boilc au 9 c arri c d out in 1954 in Bilaspur-

Mandi and Kangra Dharanshala areas • Lccording to thorn, 

Boileau considered the '31aini boulder bed as caralcnt to 

the Kairlur s..rics instc ^d of the T<:a.J. chirs s su~gcstcd 

by earlier workers like Oldham and !.udcn. 

Nautial (1954) visited Mussooric Rajpur areas in 

1953 and submitted a report entitled "!, Geological Report 

on the Mussooric°-Dchradun Marble quarrics with particular 

reference to the hill slope" . Iic adviscd th^t at certain 

places the quarring should be stopped because it is causing 

unsta bility to the slopes which ray be nrovcd hazardous 

to the Mussooric---Rajpur otor road. 

D.R.S. Mchta, Murthy and ITr rshinh^,n (1959) invcsti-

gated the high grade lirestone deposits of Dehradurr- 

Mussooric area.  They have given in their work, a brief account 

of the physiop.rnphy and geology of Mussooric area. 



R^vi Pr^k-sh (1953 9 '-GC) rcvis c7  tht wort- ::f 

Ntht-, .t -,1. •nc' inv:.sti[,•^tc.c tb cr•ntinuntion of the ..ntirc 

n-.rblc bc it. 

IAT.Mht (1962) h^,s c1isai ssL d thc. rtur(_ end ors r 

of Krol thYust. H. c^,rc ',n the cc>fc'sion th^t t` Krol 'Trpnc 
hf.s bc.:n rourht to its rres, nt nosit on 1- jr ppr^vit^,tion. i 

c'lidi_nr' . 

?~' i11 and Bhn.tt-;char' - (7(•x`?) hv ~ u7 a shcd P r pr_r 

on 'Tho studics of thc insoiuMr r~sidiic s -r nthcr ncoc'- 

stud .c s on the Yrol rocl.st' . 

Iitha 1 	C' ,iturvLdi (O3) 	., 	tic Synno ;iur 

on Hire^]rytn Gco10 y bud .t 	 -cut', 	'. (ct ,,a r 'T63 rc- )o.ct , r 

the occurrcnc _ cf -nrobn,b] c 11 	:ctuz , i t'-- Unper ?'ro~' 

lincstonc of Nussooric. On t'i 	sis of norT)holo,,ic^,1 stuc, .c s. 

They hpvo conc?udcd th^.t the structure.: cci~.~d bcicin4' to 

Collonin. 

Sriv.ist r'va (1O63 dui in t 	-hov- •cnt ioned syr:m i'r+ 

rcportod n fossil l2rlc3liter-nc 	Posidonin. fron Lo~•rcr "'3 

of Mussooric Pnci surrortcd .udcn` s vicT.,r rcg'r~irl' the Jurn.szi. 

{~ ;c for this bcd. ')urinp the s~.rc sz'nnosiun 9hc rc,)or•tcd t:c 

occurrence of rhosnh^tic nodulc,s within the sh^lc s of lo,,r''r 

T?•:' beds of Tfussooric . 

Gn sscr (1c64) trhi ] 	i cu: sin° ::r Krol—T^1 

succ-;ssior 9 hr's obsc.rvcd th, 	the Karol s' i!c s i divisiblo 
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into five distinct mermb cr s viz. Krol y B, C D and 7, . 

Regarding the Blaini boulder beds, he agrees with the 
view that they should be correlated with the Talchir 

boulder beds and their tillite a.s acct is tnZdisnut:.d:.. 

,bout the Krol Tai_ rcltionship ;.7 e has observed 1" after 

the deposition of Oalcareous Krol Section, a striking 

change in deposition took place, and the younger beds 

consist exclusively of dctrit al g roost?.y quartzitic rocks.... 

there can be little doubt about their norr:al stratieraph 

ical contact i,itii the underlying liricstoncs. The detrital 

sediments have bccn called the Tals , ......11 Dea7.in{g with 

the krol thrust 9 he h- s observed, "None of the Krol thrusts 

has actually been formed through large recumbent folds..... 
We actually have to deal with proper thrust sheets and not 
recumbent nappes ." 



CF~LPTTR III 

GEOLOGIC..L SETTING OF THE LRF 

The area under present investigation constitutes 

a part of the Krol belt . Structurally it is a part of the 

S '1T limb of r a.ssooric syncline whose axis passes through 

Teneta forest, Landhour Cant, and Bat aghat Etc . This 1i°1b 

of Mussoorie syncline in itself has been refolded into a 

number of anticlines and synclines severals of which are 

noted in the present area. 

The rocks exposed in the r re;R belong to Infra Krol, 

Krol and Tal series. The sc,ucnce as worked out on the bas C' 

of the lithological characteristics an?. the structural r;;J 

ionship of various forna.tion 9 is given In the following 

tables 
TA Bt. 	Cal 

Designation I.verage Lithology 	Correlation Lge (after 
thick- 	 with standard Auden) 
floss. 

1 	2 	3 ... 

Upper Tal 	Over 300' Siltstono and Unncr Tal 	Cretaceous • 
(9.15m) quartzite 

Lower Tal 2,000 	Calcareous , 	Lower Tal 	Jurassic 
( 610 m) 	chcrty and 

carbonaceous 
shale s• 

Tal thrust 	L,-wUnconformity w 

continued 
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2 	 3 	 4 	5 

Upper Krol 	5,000 	Calcareous 
Dolomites. 	( 1525rz) 	Dolorites and 	Krol D ) 

shales. 	 ) Trias 

Upper Krol 
lisle stones 

600' 	Limestone 	Krol C ) 
( 182 n) and marble 

250' 	Liplo --red 
shales. 

300' 	platy sh ,lc s 
and Lime st one 

over 200' Phyllitic shales 

Krol Red 
shale s . 

Lower Krol 

Infra Krol 

Krol B ) 

Krol 1. 

Pe rni n 

Infra Krol Talchir 
(Uralian) 

The lithological and structural raps of the area 

prepared during the present investigation and a few typical 

sections are enclosed in the back envelops 

The Infra Krol Series . 

Infra Krol forms the base of the overlying Krol 

series. It consists of Clark vhyllitic shales with thin 

varve—liko bands of slaty cj.uat zite . Owing to their ktC1y 
incompetent nature, these formations have suffered intensive 

crumpling. They are traversed by nur crous veins of qudtz and 

c-lcite Criss-'-crossinr each other • 

The Infra } rol beds arc folded together with the 

rocks of the krol series • The exposures of Infra Krol are, 

therefore 9  repeated in the arca and occur at two places in the 

south--western corner of the area and again near the electric 

power house. 
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,he Krol Series. 

The Krol series conformably overlies the lia ra 
Krol formation. On the b2sis of lithology and other field 

characteristics the series can be divided into four distinct 

st rat igraphic units viz, the lower krol p  krol Red—shales 

Krol Limestones and Krol Dolomites. First three of these 

units co rre snond to Krol L, B and C respectively. The last 

unit-the Krol Dolomite is probably equivalent to both tin 

Krol D and "; sta{,cs to cther, which clue to the lack of any 

diffcrenti^ting characteristic and - radational lithology 

could not be separated in this area. 

Lower Krol- 

This stage ovcr'ies the Infra Krol and consists of 

rapidly alternating bands of slaty shale and limestone • The 

shales are of earthy colour and c'- lcareous while the L. St. 

is fine—grained, dully bluish -dark--grey and clayey. Thickness 
of the bands varies from 2 cry to 10 cm. Owing to their high 

degree of cleavage — schistosity and the intensive jointing 

the shale disintrigrates into pencils and needles like 

fragments.  ILlong the joints the shales have been traversed 

by calcite veins which have followed the joint planes and 
thus, give rise to s:Iuarc 9  rhonbohedral and rectanular 

patterns • S:Tall scale nuckerin-= is connon. 

The lower Krol formation is exposed all along the . 

S-i. boundary of the area y but its best exposure are found on 
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the Mussoorie-FP.jpur motor roads alonr which the lower 
krol outcrors are riot twice due to the folding. 

Lrcl Red-Shales 

The lower Krol formation is or erlain by Krol Red Shales 

which are soft 9 thinly laminated 9 purple-red shales with 

blotches and intercalations of green chloritic shale. These 

are closely jointed and sheared to such an oxtent that it is 

difficult enough to obtain proper hand s~ eir.:cns. Owing to their 

incompetent nature I the original bedding; of these shn.lcs 

have been obliterated. 

The Krol Red Shales show the Maximum effect of folding 

in this area. Due to the highly inooipetent nature 9 of these 

shales, not only the original beddins have been obliterated, 

but also the beds pinch out due to the south western folding. 

t:dith these shales are not exposed between Kalukhet and 

Mussoorie-Rajpur "otor Road, a distance of about two furlong 

(800 meters) . The width of the outcrops incre=1scs eastward 

from Kalukhet as well as westward from the motor road. The 

maximum development of the krol red shales is seen in the 

vicinity of Kiarkuli TTadi, where this formation attains a 

thickness of over 300 feet (915 motors). Good exposures 

-re seen c,n the fo cc of t`:e cscarpmcnt lon,} t j;- right bank 

of Kiarkuli TTadi . 

Unber Krol Limestone-• 

Overlying the Krol Red-shales there is a sequence of 



black, dark grey to pale--rrcy lirnostcnes , weatherin!, to 

large blocks with broad surfaces and very often giving a 

sulphurous smell on freshly broken surfaces. The limestones 

show varying degree of recryst nlli sat ion and are high grp de 

limestone in corposition havinn Pig0/Ca0 ratio less than 

0.2. Within these limestone formations , however, there are 

streFJcs and pockets of highly riagnesian limestone (MgO/CaO 

ratio about 0.5) . 

In the basal part of this limestone formation therc 

is a discontinuous shale band which is lenticular in nature 

and frequently show pPhing and swelling behaviours This 

shale band is often in direct contact of underlying Krcl••Red --

Shalc s . The shales of Lo•sc ' Krol L.St . stage r~ s'- .blc s to a 

gre-t extent with tc slaty--shele of ;over krol, but are 

softer and have less development of cleavage schistosity. 

Such shale bands are exposed near the Jharipani Toll-•b-.r 

as well as northwest of Kip rkuli "\Tadi . 

The total thickness of krol L. St. stage is over CCCf 

Thickness of the forn(-tion is n^arly constant all aL n its 

strike. The toff---most portion :" this stare ;radua1 - yr r-;r-''es 

into a crypto—crystalline white coloured marble. C:h:-.: =icaJ ly 

it is almost a pure fora of ciciur carbonate, a.nd is suitable 

for a number of industrial purpos-s. It takes good polish 
.:lc1 would have been an excellent marble for statuary purposes 

wire it not so highly jointed. Closc-•spaced iointin^ is 

universal end pence it is impossibl ,, to obtain slabs or well 
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shaped blocks. adding is very rarely obs:rved in the 

n-,rble , the divisional planes being 1oints oriented at 

various -,n►'lrs t The -:7.rble trades #radually 

doi/mwarc,s and no sharp boundary can be drain between the 

marbles and the rest of the Uo'er Krol Limcstono stage. 

The marble band has been traced out from west of 

Kiarkuli water-fall to Jharipani along its strike. It is 

well exposed across the Kiarkuli Nadi 9 at Bhatta 7 and north 

of Kalukhet water supply .1 Further eastw^,rd , after getting 

folded, the band starts narrowing and seems to thin out near 

the Oak Grove School., 1.11 along its exposure the r nrble 

together with the other pure limestone of this stage is 

quarried by private otimer s ._ Tmport nt quarric s situated 

within the area are Lachhaman Das quarry at Kiirkuli ..Deans 

Bhatta quarry and a Maulasa 2uarry at Jaripani. The limestone 

and marble is quarried mainly for flooring purposes but the 

marble is also utilised in sugar refining._ 

U,)-cr Krol Dolomites-- 

The Krol limestone stage is overlain by a thick 

succession of dolomitic limestone beds 	h-dntcrt <~~io-s  

with intere2 1 tions of v,rious 

types of shales . The plane separ^ting these two horizons 
can be sharply traced in the field as well ^s on the be *s 
of MFO/CaO ratio -the ratio never exceeds .1 in Krol line—

stone whereas it is over .E in Krol Dolomites. . 
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Fig-8 r,n overturned fold in the dolomite an 
shale formations of Krol seen near the 
Kincrag bus stand. Sectional view 

Fig-9 .". fault betiiccn trickly bedded dolomite 
and dolor ite--she le bands. SeEn by the 
side of t'ussoorie---Ra }"ur Iotor roads 
near Bhatt a • 
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The low:. r - nd upper parts of the Krol dolomites 

corresoones to Krol D and r' statics respectively. .. specimen 

from the lower most horizon of Krol dolomite can be disting-

uished from that of the upper°riost part bit the change  is 

so gradual that no dividing plane can be drawn and hence it 
as 

is better to recognise the whole succession/ a single strati-' 

graphic unit e  

The lower—most portion of the Upper Krol Dolomite 

stage is composed of loosely consolidated fragmentary limestone 

together with powders carbonaceous--argilacer.us material 

(Photo ITo.B). In its extension this horizon is fairly cont-

inuous out cropin2 all alon W F: irlaUm 9  Bhat t a and Kiarkuli 

etc. The thickness is over 80' (24.4 n) at places. The rocks 

have been traversed by numerous calcite veins (photo —9) and 

there arc no traces of original beds ing Tithin this horizon 

of fragmentary dolomites g  there are pockets of compact and 

massive dolomite which h,,.ve preserved the original bedding 

planes. The unconsolidated loose material is quarried 

locally on a small scale and is used as foundation material. 

This unconsolidated carbonaceous dolomite 

formation gradually f:rades up'rards into a massive iolordte • 

Lenticular bands of various types of shales are found within 

this horizon. The shales are of various colours like pinkish 

brown s  buff, bluish—grey and red. Calcite vein filling and 

other cavity fillings are commonly seen Trithin this horizon. 

Tiny pockets of gypsum (alabaster) is f oithd at few places • 
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In the absence of fossils ro exact ac c-'r1 be 

assi; ned t,• `i r Krol series 3 but since the Krol s CriI s is 

in confornit;- 'rite the un-'cr carboniferous '1'?ain.i series 

it a' pe^_ s to represent the Pc r ian Ind probab?y -,lso the 

Triz s . The Blaini series and th : Krol Series t o~ ether thus 

corn-_snond to the Li. Go:: dwana• 

Structures in Krol Series. 

The Krol series represents a hone seouenco of 

univerted strata. T';e Fcncr^l :7ir or Krol four utiens is 300 

to 600 due rIE 9 hick  is thy, s cnc r^1 din ircct1on of the 

Th limb of Mussoori,: syncline. Fri ~_ucnt r'rcrs-? of c1i,) 

direction have been caused sue to nu.MI?er of foldoc strucr , 
formatir: 

14 the Krol,r inc.ludinr infra Krols ) . tr.ont s<"- C of the 

inortant ale' cc':^n~•.r^tivcly m:'.jor fo1,c structurnn:9 ; ct 1.rithin 

the area s mention 	'say be race about ",he foli.owinrs: 

1. .. couple of anticlinc r,n' syncline ir. the 	ir1~,r n+,• ~r 

'louse rcr ion i.n the sruthern art of the ar€ a. 

2. A couple of anticline cxzc' syncline n, ar I ha ,,ta Q 

3.. A major synclinal structure due. west of BrrJo-,-n✓ uW j 

L. ii1 ^,r'.ticic south. r' ,Tllite .:u
„ 

5. An Lntic3i.nn: north—w,rcct of T ck.nens Roac 9 

The axes of the first four folc~int s ,re norr rl 

or oblique to the axis of he main Mfussoorie s-fiic' ine , 

where rs th,.t of the ] s' mentioned is n~r~lle to t'hc 

axis of Ilussoorio sync1inc. Section aJ.ongfr B (enclose c?. 

in the back envelop) w'J-". rcnresents the first four of the 
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.. peculiar stroniatolitc-11k3 structure (described in 
Chapter IPT) is found develonec9 at a few Places within 

these dolo-itcs. The stror,-1-olytic structures are seen 

near Brookl<and y St. George Colleve 9 Kinaag and a few other 

places. 

Total thickness of the massa.vo dolomite horizon 

is over 2 ,500"(7625 n.). The bedding p] ants -.ro obscure 

in th- n,.ssivc Color_:ites . J-iowcver 9 the intrecated shale 

bands show well preserved boddinr',s • Joints are: wide spiced 

and not as frequent as in other horizons of the area • 

This massive dolor,itc horizon is well exposed all 

alon^ the Brooklands y the hobighat vill^nc and Mackinans 

Road etc. This horizon shows upward gradation int - a banded 

microcxysta? _'no dolomite with grey to crux-white bends 

imparting a i-.ther well-°bcdded nature t^ the rocks. The 

bands are 25 cm. to 1.5 i1,Ftcr in thickness. The intrr-

calation of shales becore less common. In the uppernost 

porti^n it is cherty and porcelleneous in appearance and 

form rugged topor;r~phy. 

:,!ith the exception of probable algal structure 

(stramatoli'tes?) ,the -,mire krol series was found to be 

completely barc:i of fo^sil. 17.ctua1ly it is an stranCe 

that th-sc formations "incntly adopted to preserve any 

entombed orE enisms 9 ar-i entirely barren. of fossils" 

(Wadia 9 1952) . It seems that the basin of dcositicn was 

far from favourable for the habitation of organis .s 
L 



In the absence of fossils ro exact; aFc c-n 'cc 

assigned to 	Krol series 9 but since the Krol scrirs is 

in conformity vdth the up- cr e irbonifcxous '3laini scrics 

it a' o—' s to represent the Pc rriEr. ?.nc1 probably -,lso the 

Trigs. The Blaini series and the Krol S'rios toothcr thus 

corgi: %spond to the Lr.  . Go: dwona. 

Structures in Krol Series. 

The Krol series represents a hue scouenco of 

univertc strata. T'e E'cneral fir o Krol fornations is 300 

to 600 due ?`TE 9 which is the rcnc .rn,l ci 	ircct1.crn of the 

S--~I limb of Mussoorie syncline.•Frc.-ucnt invc,r-s 	of ('ir 
c,,.irection h,ve been caused due to nu.- cr of foldcc' struc':A .s 

formatir)' 
in the I(rol4includinr. infraKrols) • Lon' s{ r cif s,'e 

irr'ortant rnc' cc -part tively major folr structures, ;t within 

the area g mention 	-jay be riac'e about ;he fo1Jowinf - s: 

l.• ,': couple of anticline an syncline in the 	irl' c P ~• 

'souse region in thj. sruthern ait of the area. 

2. 1, couple of anticline Inc' syncline near Bha-,tae 

3._ A major synclinal structure due wc- st of 13arlol-r„u_n j 

'A , a ^.at1ci PE south C 'rhite 	an 

5. An anticiin; noxtii-'t;rc.st of Z,c L nuns Ro c' y 

The axes of the first four folding s are normal 

or oblique to the axis of the rl.ain Mussoorie sic' ine y 

whore as th,~t of the 1- sc mentioned is r~.rplleJ to the 

axis of Mussooric syncline. Section alongfr (cnclos 0 

in the back Envelop) we 1 renrc se nt s the first four of the 



above rcntioncd folc~s.n' structures. 

FolOin' ir. southern Part. 

The foldiirr. in the southern part of the a 'ea has 

•ffccted all the. rock forrin, tion right from Infra. Krol to 

Up-er Krol ')olorrit-s. 

The folding has affected the trend of the outcrops 

as shovrn in the geolovical map of the area,  enclosed in the 

back envelope !.1onr the fol(- in~' the Tirol P.ec ¶ to formation 

has suffered flowaf;o and are 9 thci t fora 9 miss n, fror the 

area which has suf f c rec f oldi n~~ . 

The folded character of the rocks is c1 exhi-`-itcd 

on the Rajpur°Mussooric Roacc . '.s one r. o 	tc 'er 	Musso-orie g 

the dip -.v-rare 301 due .' 201 ia `hc sou1. hcrr. ?art of the 

arc^ mainly coi7prisinr of Lower Krols . The outcrops of Frol 

Limestone also folloi.r the same cairn for n-.-rly a furlorr and 

then suddenly the dip chan~,es to 401 c'uc Sc This reversal 

r'arks the axis of a sync?ino runnir;, jr rou hJ.y 	rT~. TS1T• 

Further north p the outcro,,s of LoiTcr Kr-7..s air repeated 

with the similar stouthyrrd. di-) . :_t a 'lace duo east of she 

Power "oust where thr: road cuts across the Siir- la Khr'ln 9 the 

lozrer krols show a further reversal an arc thrown into sn. 

anticlinal folk-' with the dip chaniinr to 7Qc 'Inc °'. The axis 

of this anticline is almost parr.71el to that of the syrcli.ne. 

The ?xis of the folds extend from west to east in the entire 

southern portion and subsequently all the Trol formation 

are affected.. 
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nclI'in,- ncr.r Bhatta has also c 'Use 	c'unle of 

anticline and s;,-ncline. _ oth 'f thcscc folding structures are 

plunF;inrr an--roxil,matcly 25 	The anticline h~.s been eroded 

to an -nticlina1 valley throuch which the Bhatta Kha.la has 

t afrcn its course. 

Sy vv,-w%i wc.-a.t o4 (b wr 10w 	. 
of the a.TGa 

1. portionLwest of Barlowz;unj Bar r'nd east of 
the Bhatta falls is in the form of a major sync]ine ,. The 

limb of this sync? ine dips 70" due 'T20 -her co s th northern 

limb C i ns 5 ' r' due. '1200. '_ hi. Syr'C I.inal . 1 ass has F'Crned a 

highland. 
g y~,~c,Qvy~~ mouth o f ~I h i tE ~ia.l 

Further north of the aho7Tc t'en'. ionec1 s jncli.ne 

there is a nlunr;ing, asyr~retrical antic? i.r,e. The noithern 

limb of the antler ine is c?iinF 70° cue T'2^ sThereas the 

southern limb coins only 25`' c'u c T 160. '*,art h: 	l i rb of the 

fold has in itself been refolded . ?. norti.on of the anticline 

has been eroded and hp s given tray to the :'ala1~ani Ia1.a • 

A~tc4in•~. v~.ec,~ Ma~JQ.w.~ ~-~ 
The folding west of the Nackinans rac' ha.s given 

rise to an antic] nal hi].]. good sectioLa7_ vie" of ww1ich Is 

seen alone the road--cutt]n near milestone 3. "'he anticline 

is more or less symmetrical, with the c1ir s of the two limb 

being 600 duo TT20 and 700 due IT 200 respectively. 

In ad', ition - , t`.E -O,ove r,entinfed f. Vic: ;n struc~. 

tures 9 he rocks show nu~~eroUs ;iinvl fol; ~, 	 ~ f ~iti w • 
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In contrast to the 1a;or folnr s a fe•., of tie r°inor 

structures hare suffered ovcrturned folds gs • Good out-° 

cross of such overturned foldinr are se=en alonf the road 

cutting near Kincra, ; bus st npcd . (E1i_C .3 ) . 

Fault ink; . 

There is certain to be considerable f aulting with. 

in t e Icrol forr:etions . But the mat>pinp of th, faults is 

not Easy on - ccoun.t ,f `'-,e less U.itho~ -- cal v'ria.tinn -rd 

the y? 	al lac': of strJ'~ir:ry ' ands 

P
. fault y howetrer,  , bas been recog►r i.ser' lust north 

of the Bhatta village. The scction 	view as seen along road- 

cutting has be cr_ given in thy- figure  G.. 

The fault -lane is diming 70`' due ''. Fault in 

has brought two rockstypes of Krol Dolomite stage in ;u.xta ' 

potion with each other. On the hanging- w 'l side there ,ire 

thickly bedded dolomites bands 9 which are nearly horizontal. 

On the foot ball side are alt - rna,te bands of s'-..les and 

dolor:ite . The throw of the fault could not be cieterr' ned . 

Joints. 

Krol formations have suffered intensive jointing. 

More than ors; set of joi,.tins can be seen al' cst at every 

outcrop of these forrtions . 'owever,  5 highest i :,.tensity 

of jointing is observed within the lower Krol, Krol Fed 



shales an' in the rarble bands (Photo "To.i.0) . In these 

formations the sT , cing of jointing is as close as a 

fraction of a centimeter. The up•~ermost horizon of the 
been 

Krol format°on have alsoLexter.sively iointccl but the 

intensity of -o4.nting is rioderate to low in the ' iddl 

portion. The roost important set of joints dip 70e to 80^ 

due T210 to LT225 other important sets are 10 to 101, due 

A?20 to N40 (bedding Joints) and 60`' to 700 clue '1'130 to 

IT 140. 

Slaty Clcavane . 

Slaty cleavave is seen ve7? (evelop^c' wit'zin the 

shales of Lower Krol and within that of ':iIe basal part of 

Upper Krol limestone. :.t places it is also seen developed 

within ;,hr shales of Krol ?)olor"ites . In most of the cases 

the schistosity 'lane (S2) is par,-llel to the bedding plane 

(Si) 9 but there are cases i,T on thr strike of the schistority 

plane is sane as that of the bedding plane, but the amount 

of dips vary .Such variation is 9 hotivnver,  9 small and the 

maximum differc:ice is 2C"' . 

TH T .L SARI S 

Krol series is overlained by TaJ series- a sequence 

of various types of shales 9 siltstones and quatzi~- es. ^he 

nature of the contpct of Tal with Krol was founr' of much 

interest frc, structural point of view and hence is briefly 





described below: 

K_rc,l -- Tal Contact 
(T;,1 thrust ?) 

The contact between the Unner Krol dolomite and 

the lower Tal shales does not seers to be nor-'al. Previous 

workers have re,-'arc'ed t'.~is contact as unconformity,  9 but the 

present work has indicated 'hat this contact is more like 

a faulted or rore correctly a thrusted contact , where there 

is a relative movement betti.reen Krol and Tal Formations. The 

fault. dips 20C due '? 20°F 9 in renen l t(31thoueh in a portion 

of the area the thrust plane is folded and dips 10 due 

S 20`' <<'. T'~is fnlding has exposed tine uncierlyinp TJ'-~ ier Krol 

dolomites in a narrow belt extending p p rallel to the strike 

of beds. Th.exh- are several indication f the contact between 

Krols and Tals ')ring a tectonic one. So,,e of the important 

field observations which may bo sited in support are the 

following :  

(i) Intensive crushing is noted all along the 

contact. Both the rocks of Krol and Tal 

formations have brecciated anci crushed from 

small anbular fragments to f One powder (fig .10 

Photo 11) . '..later scepa(;c is common a'.ong this 

crushed contact plane. 

(ii) The contact surface is irregular. Its dip 
• 

at places diff re from the dip of the Tal 

and Krol beds. Near its south-western 



F%G.11 

• -----T  N 2 2 0 
go 	100 

Ft6. 1O 



extre ity the c-nta.ct '1 -r'e ',^.s been folded 

is t o 2 syr c .i e -1-C ~ 	t ~ c' : 	None of 

i:rcl 	x TaZ ur::.iat . -. , 	-T,c bee: affected with 

this folcing. The crest of t!^e 	-ticline hPs 

been eroded ex-osinc e 	rro•* track of 

Krol formation  it beet-T•ree:: the ex' o sure of Tal 

Formations frog" :hobigh^.t to ocCstok College 

anr_f further extending beyond Tehri Road .• 

(iii) At a fei,r nla.ces -here he c^itrct plane is 

folded, it is notes' `.ha.t the beds, both below 

and above the c ,t^ct plpnc- have changed their 

original orient ^t ion ne nr the contact.  A n 

exa: ~Ie such ev: ti^r fro-- or anal bedding 

din is seen :^.i cor any :'h.ad 9 sectional rie~,~ 

of which is giver in the figure T'o-12. 

This clev at en sue ge st s -Irr,pping .? ong the 

cant act . 

(iv) year the contact mi':or th:usti.:, , is common 

both in ^a . P;Zd Frol f orr,at i or_ s • Such a minor 

thrust iswell exposed or the Tehri Road, near 

Landhour Bazar (Fig. II). The foregoing obser-

vations indic -te thit sore ro're 'ent has taken 

p1C ce along the I{rol TaJ. ccr't ct or in other 

words, the contact is G plane of dislocation. 
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extre. ity the c~:tta.ct l're '^^s bce^ folded 
a s y .t c ~ i , ~ e 	n•, 	t i. c ~ 	' . 'Tone of 

I'rol "'. T 1 fcr::Iat 	 'DE r:- affected UFith 

this folc ing, . The crr st of the --- t icline hp s 

been eroded ex-osinc a :,.c.rro= track of 

Krol format on jr- bbetireen the ex-osure of Tal 

For3'rations frog- rhobi >hat to '- 'ooc'stok College 

anc further extending beyond Te- ri Eo:, c' • 

(iii) At a fe-ir pl9.ces t*here the c~•- tact -plane is 

folded, it is noted l.ht the beds, both belo~r 
an above the c r,ta.ct plane hav€ ch?ngec' their 

original orient t i o'^ near the contact . An 
exa r le such f ev .-t i ' fro' or .. fFi n?" bedding 
din is seen near cor' a•:y "'had, secticn~.l iezr 

of which is giver~. in the figure ''o,.12. 
This dev±tit=ci: su, ge is arr, 1ng ?or, the 
c art act 

(iv) i'ec r the cc'nta.ct r:i :or thrust i.:• 	is corgi: on 
both in Ta]. and Yrol forr'ations • Such a minor 

thrust iswell exposed or the "'ehri PoaO , near 

Landhour Bazar (Fig. ii). The foregoing obser-
vations in~9ic'te that sore rove ,ent has taken 

place along the Yrol-'",al cc,rt-ct or in other 

wore.s , the contact is a plane of disloc-,tz.on. 
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Cthez evidences I su"" Sorting thF Krol--T~1 contact 

to he a tectonic contact , 

(1) .TO coi_nci;Ierce of t'^e axes of TaJ. 
s~rnc17..E ,n Krol Synch e. 

On having a gene: l look on the geolo{'ical r1al) 

of Ga1h.~.1 area., pr•erared by P.uoen 9 it ae .s s as if 

Mussoorie synclin' in fact cstitutes of t-To syncl.Unes 

such as if one has been kern inside the other one. The 

axis of Tal syncline )thouph a - - -~roxi-'ately nary-llel to the 

axis of he unc'erlyinc Krol-'syncline,seems not to be 

coincident With it . The 	is of Tal sync?ine perhaps lies 

sone~Jhat 'TT? of that of Yrol syr_cl.~~e. 

(2) "o exposure of 'al forr~p.t5 ons o:. :he Gur 	]1-~ 

The relation hetwr- en t}'e stripe of T\'rol Ta7 

contact arO the tonograrhica l contours inr'ic^te that z . 

normal concditio: if Tals arc cx-osed n~ r th. city 

then 	he 	J -y _ 	 .sC7 he 	c1'l.F e.x1o.Se(' 	:Z l,hc ('l."i '~1. , 

But no exosure of 'a' rocks .rc found on th Gun hill 

where's the, are hell exnoser71 ^,rounr' the city pall. 

(3) The LandhouToodstock-'DhoT-)iat indow• 

!.s it 	s been mentioned previously , in the 

Landho':i--T.Ioodstock--"')hobighat region. the Kro]--Ta.1 contact 



has beer foled to -n anticl-u-e. '"rosio-'. of the crest 

of this antic1 ne , has exposed a narrow tr7ck of Krol 

)olor-ite underneath the Tal shales. if the V'rol-Tal cont-- 

act is believed to be a thrust , this rarrn r ex•,)osure of 

Kso7. olo 'i Y surrounc'eca TA 	Taal fore^at ion vri1J. represent 

a srlJ 1 window. 

1.1.1 these evidences suy°gest thrusted nature of the 

contact. The rechani srn of formation and the age of this 

'Tal Thrust' could not be fully understood because of the 

li ited score of the work. ::c~7e~rrr 3 it se is most nossible 

thy.', origi ala.Y the Krol anr' Tn series were cor,nrising a 

sin' norria.l strati,,r^phic sEquence. nuriria the Krol-thrust 

this whole n?ss together with underlying "?aini a-n 

Ohendn"r series was thrusted over the -erti^ry formations. 

,i.ring this thrusting the whole nanne TTas rendered to 

folding; giving rise to .:.a~ or syr_clina.l structure (I ussoorie 

syncline), But during the last phase of the :--overent of 

Krol thrust , the rocks cor.,nosing the Tal forr ption could 

r.rt '-Cc n-- cC Tr-3,t the : e 'ei_~ ng n sr of the ,- an'e. There 

was th ci of ore a 	2 - t i-ve shift between t :be Kiol and Tal 

forrations. 

Lower Tal 

The lotirei Tal h,s hce-i thrusted over The Krol 

series. The stage consists of shales whichh are calcareous 



L ner T--1— 

-lie T' er T z-'- stows 	( r c ~.t= 	contact with 

the lowex 	1 sh-1a1FS . In its loicr )ort io_. it is c`r nosed 
of red colouref siltstone with universal i r, sence of rin nie 

Marks (photo '"o . 12 ) . Current 	T'ud.crzcks and 

rain 'vints • 1 thin the red siltstone blotches and "atches 
of green--  siltstone are found at placr-s . :.t a few p1.E.ces 

siltstone 'bras acnuire r,a.ssive nature with bed in planes 

being unic'En.tified but cor.~ionly t-pis far: ~tio_Z is well 

bedded. 

Good oxnosures of siltstone are four' r.e - r 

T?oodstock school on Tehri F.o.. 

Ovc rlyin_ t';e s- lt• •stone there is a sequence 

of quatzite in - ic' graded bcdd _..g is TTer-,r corwion. ..1ter°- 

na .te bands of peMMy ,u .tzitc- 9 grit 	:' :' .C-sive - uartzi e 

are four_. G: cc' exposures are f ounc' r:- ̂ .r . gib= r?ncct . 

The rile r.raiks 9 graded ber'ciinr s rn,' other 

sedirlentary structures mentioned a.hovc shoiT that the Tals 

were deposited in sha-I low wa.t: r conr'ition_s. 

ITo fossil could be found in the Tal formations 

of this area, but f egnEntpry mollusc shells and corals 

h -:ve been reported frog' this forn^tion at other r1'.ccs ., On 



towards the lower horizons -nc' successive,y grace 

uo, ra,rC s int2 ch rty , micaceous a^.c cv.r'.o4. ceous shales. 

Such gr-c'-, tior is occasa :a] 	1^.teral alsc. The cs.lc- 

arecus shale is a soft , e -rt'-.y sh.^le 	ii c'. in the lower 

portion has been he"oily crushed Cue t' thrusting. Its 

maxinur: thickness is over 300' ( 91.5 n) but at places 

is less than 100' . Good exposures are found along 

Lanc'hour Bazar, Yidlands and Tyr-rg - 'igh School etc. 

The calcareous sh:aJ e grnd..es 	to a r'aYk-- coloured 

a7.enaceous shale . Its dark colour :'air be clue to the 

presence of I n con-curds . I is connaratively 'harder and 

slightly coarser tl^r-;, th calcareous srh~7e. Jle^ching 
is conro~l . In its u'~ %er 'ort i o' the f- c sh lr hecore r.icace^ 

ous . 'Ex-)osures are found near Ti•- •~erary on Tehri Road 

and ne r 	odstoc?s College . 

The cd-.rk arrenaceous shale rraees further unwar-' 

ds into ct.rborsceous shaJer , 1: r',,.-;r-'.- -: 	fo1:C-./ 	ex-~osed 
west of 'Toodstock ",cool. 

The total thickness of Lower Tr.l stage ) conDris~ 

ing of the calcareous t o the c arbonacdus shales is over 
2000'. 
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t7;2^er Tc*— 

?',e TT-yer Tal so  :s 1 r 	t: ._a.1 contact with 

the lower ra?_ shales. T_-i its lower 'oitio:. it is c` 1 osed 

of red colourec' siltstone with universal r. c sence of rir~1e 

marks (photo T"o . 12 ) • Current .er.ding , Fuc'cracks and 

rain ovints. s•T thin the red siltstone blotches and ?gatches 

of green~-silt stone a.re found at plr.cr s . .',t a few places 

siltstone i's a.cruire0 r,a.s sive n-cure with bein planes 

being unidentified but corr_lonly t'-is far:',tion is well 

bedded. 

Good Exposures of silt stone are founr ne^_r 

17oodstock school on yehri 

Overlying t' ~e s: 1t'-'stone U':erc is a sequence 

of quatzite in whic ;red bcOdirg is very conmon. :, .ter--

n'te bands of peby uatzifLc , grit:- ',nc, :,pcsive uartzi e 

are fount' . CTl ecl exposures are found r. r G aba.rkhct . 

The rip--)le rialks 9 graded be,'clinc s r 	other 

sect r1entary structures mcntionec D.hovc sho=T that the Tals 

were deposited in shat low wat r conditions. 

iTo fossil could be found in the Tal fcrirations 

of this area, but f i agnent ary mollusc shells and corals 

have been reported fror, this forn^.tion at other nla.ccs . On 



this bsis and on the basis of '.he fact that in Gerhw ,l 

Tals cre succeeded by Purinulites , it 	ne rs that T'als 

represents the Jurassic and Lower Cretaceous systems • 

Structures in Tal Series. 

The  enerp3 di,i of the Tal forriation is ]5" to 

10° due ?'10 to TT30. At a few )laces foldin- s hove caused 

the reversal of the dins. ,t tood exam. -,le of such a folded 

structure is seen near the Civil :'osnital. As one roves 

I 	to SW along the i''rol Tal cent act f ror' City T?a7_l oni,rard , 

the beds at first are found dining a'. avc} ^,ge 20 due. 72Q. 

err the civil hosnital t h^ re is fo;,n-' a sur'r'on change in 

the dir 9 ?,ih7 ch now becor'es 30C due TT1:`0 . Thus an isyr°TMet ric el 

anticline is forded. Soon after the din areln changes to 85r 

clue 728C giving rise to - synclinal structure. alf a fur

long P'E of the l`_ dland burial gro".n-' t the dip again changes 

to 30'' Oue 20, forming agair an asynnetricnl anticline. 

Erosion of thx. crest of tis atic1i _e has ex'~osed the 

►~rol nolo- 'ite ury Erne ath thr al shales which looks like 

a loo', of Krol DolonitE within the Ll shales exposure. 

Faulting. 

In adelition of sTvcr-1 r:inor fpults in the 

Tal forr—.tions P. corinaiativcly :na - or fFult h,. s been 

recognised running ap roxir 'tely 'ST?, coinciding with the 
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Yro1 _CI c .̂.,.t-ct g cXt• 	 in fro:: Tehrz For', to 

lloo:'stock 	zo11ege , in " rccti in ,"_,~•5;~ • It 	is F. :.ornal 
obli.,uc 	fault 	chi---, .n,, on 	av - r-.~.c 75" 	cue " 30.(Phbto 13) 

,r.Zthounh 	- 1I 	 coinci' c.c , r;'u' - '-;;^ ,trod.. 

Tal thrusted coat-.ct , --ct it is v_r 	' v'.ovs <.nc. ciff- 

erent fro:., the latfr. 7",c, evicenccs *'-sic'- c~-forrl the 

presence of this faults -rc ti-:: fo]]o•Tn,., 

• 1. Presence of an r- sc?rnrcrt all 

	

	the the 

fult r5 ght frr Te'lr: Po-' to i'ooc]stock 

Coale. 

2. Presence of 	} _: ou 	• 'ho f-t,1t f-Duc 

hero consists of* Vr i y soft c'-; l il, " ` t cr J. r 1 

our v' r.] or 	4- hr "' uu I t 	7 	£ . 

3. Presence of sl ickcnsic'es . Thew -.r, fount'. 
stri,Aff r P.in1.v oir'l Y th , Tal sba]es -.' onry 
t'bc f..,,]t ,~1-n, . 

4. P-r:sence of a. na ]., (co._- 'r n,r  -h-,') , ) -. ?llel 
to tiir 	 #'r (+v 	'c.i:i.,i ... - 	to 'Tco+stc ck. 

♦ ~~' Jl j 	the tv a.. 1 rt.+ 	T.J 01 UI.t th 	- 	J.a 

(Co:--~-nv 1.r h) : PJ cs 	c surlc'en bond n,, -r 

the ''coc'stoc'-, co"-7.c -c (ref r  

5. I:inc72]istior in th€ rc-pion ).,'_ioi- in; the 

fault -'1-nc . 
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:.s is c1c-r fr': t'.- 	c1or 	J ? 	(' - c 

- -J ., c 	c t _. s 	 'it 

in the i ortJ c _ ^hri o': 	!is is 

bcc: ,usc of the s: 	lip o_ '-' e '~'iJt (photo 13) 

n c - t;--C ?',roJ_- -1 thru-st. c ,̂,, t 'ot h.- e .J.so '~ cn 

cffectcc' 	• t is "',, ''t (fir. 12) 9 the ', -u1t is c'efi-nitc1.:T 

1-t c r th-..:, the t!!rust . 

Jo;n+s. 

Li'kr. theun-lcr-1yir_ TJro1 fore, Y o"-s t'  

alsa hirW su:','cir:c ::ur'crous scts cf 	±~~-svc o?.r±;~<r, 

The ; o; :.t s 	c ,.,o - r- intorsivo ;.'i ±he ' o'.T- r horizon of 

Ta l scri es (i 'c r '*cir s"- cif 3 s " .s coos 	c c,-nti- • 

neti r. S^'c?.., 	he ;'•ccr, -o-3nt r1-1ncs ?' co-- -- i -- O - 	the 

Ur.~E r T̂ ".1s . "o;.►c.,_ r 9 	J ,..is '" • I , u-.t zi I- r , t,.. of .  

iointinrs -rc ?: sr c'osr-.r sn-cce , but -r: - orc -'ror-:int 

Inc' -orc 	s stc zt , 	,:otc :: 	'us-tr 	r ; 	o-. t i:' 	_. 

U, --)cr T^.1 fa 	F o z is givcr i: Photo ]/. 

IGT,T JcU5 I-, TmY~t'SI("ITJ 

The -,i c 7 ^ossc sscs the cx osuros of t<'c basic 
sills be1 _t intru cd 	t 	or F~rol ^olo. •i':c s . .:s "i? 1 

be c'iscusscc in the C.^p~,o r IT ts,'' roc1 is T)robn'~JJ 





apatite--lc.UroDhyrC . One of thcnc; an tite--loucoryre sills 
tr^verses trrourh th _:c'.rinons T.a  y Dhohigh^t , cirficic 

etc. -Ine' t.- rr'i.'.^tcs . furl.on west of the '3rookl.nc's. The 

other sills starts r_e-r the junction of T lc ni Yhala 

:ussoorie-•P '~Ur rotor P.o-c1 • It runs thrugh T'ay°cott^gc , 

Barlo--rg n; etc. 	t,- r ir at ~- s r:-1f a furlo- n. cast of the 

r`o s: 	f -.T.1 s. *'c r r the. '_'us soora. c~- -F.-. ~ ~.,.r : "ot or T^-' , ? sr.r ll 

d,rke h s i nchcc. out .,f 'thy si J ] -r:r is oric :~tc d in -? 

c ircct i or_ ' ' SS". 

lvc,r - gc thick ss of both- cif t' isc sill is a*prroxi-° 

r rtc y 2CC' . Thc orz c..t t ion: in g- rcr 1 is concord-.nt 1,ith 

the co entry rocks. :.t r , l-ces t'- r s: l.' s hr'vc 'acn folcaed 

also tc ythcr wit!' the intru('oc fcrr1,-t-4cns. ;h wcvver 9 :t 

fcr n1^ccs thEsc irtrusivc cro fount Cutting across tho 

r]tc; mtcly c1EpositEc 'olo:'itcs :' sh1rs of the TTr. 

Errol. )n]o' it 	ste-gc . Thus , it s cr,c cst nos-sJ b]c th,t 

thcsr Jlkitrusive ' o'ie- - zE tr r.srrc~si 	si 's which in 

ccn, - 1 -rc n~r~lrr]. to the enclosing forri^.t .ons , but 

in - fc norticns h-,vc ecvi'teC' fro-, t'-ci.r norrl7.1 course 

^n,' hnvc loc"i ?y acquirecl the 'i'turr of ' 'y'{c . 

I*in r- is'ti^r.. 

"finer-liz-tion ? . thr 	i • is re. rc -=:cc_ Irr the 
occurrence of b"-,ryte s 	Hire+ r . P"ritc h-,s hFrn found 
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both in Lr • '^^1 end tp. Kxol for:: .t_J.ons. But occurrence 

of b^.r rtes 4.s -rc strictcd cr_? f- to th - torr,.ost 'c - s of 

Krol Dolo - it,.s . 

Bnrytc.s occur in the fort- of Tr-.rious cr,vity 

filiinns . The roost 'roninent occurr:ncc is ^. fissure—vein 

runnin-, 5 :'E froil -'. furlon,, north of W )oc st cck col? e gc 

to Tehri :'o-e (Fig. 2J , Photo -- 15). The vi J.n is highly 

dipping -,nr' h^.s ^ width of, .5ri on vr r - e • It is fairly 

continuous ^n' i the "--'.' rortio--1 h^,s 	su')orinntec' by 

^nother sr.^.11cr »^a 11c1 vein. Fro r- TEhri Ro Y onw~.rds 

the n-..turc of the v-in 5Ecopes irrcguJ.'x . !.t ti::es it ri.nchss 
-.nd swells ^nc some tines r'is--ne-.rs - ].to, (- th:r- (Fie. 14) 

In addition of this prominent vein of b^ryt-s 

there ^rc ^t lc"st tirc rore s~~.Ilcx vci_-c of '.-r-Ttcs in 
the 	Cr_e of t.c ' is cxposcc'. nc-r ;:u.nic± 	clerk's 

qu^.rtexs , one furlong ET of the '{inkY:t m',c o icr vein is 

one furlong S of the Civil _.osnit-.1. Both of these veins 

P.re r uch irrc gul-.r • As one rovcs r.lonr t he sc veins they 

pinch -.ne swell 9 ^Tpc -r 	cis-.-pc-r n~.r ch,-n e treir 

orient-.tion in ^ c'isorc'ered r^nncr• r,.cn of th- sc nromincnt 

veins -.re found Rssoci-to Frith ^ nuTh r r,f thinner vein 

lets. Thrsc veins -rc irreg.1^rly oricntcc' 
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criss-cutting c'.ch other ^^zV sore tir.'cs forming box—

work like structure. BY the sire of the bh.rytr vein 

nc^.r Tehri Ro^,? ,t'hc Krol Dolomite rocks ^re sc cn shc'red 

Inc' the intcrfr^,pr1e•nt~l s1h.crs rrr occuricci by sccc'n(lpry 

solution filings. It r.nperrrs rs if br`rytc is ^,1_so filled 

in thes'- in_tei..frrgr^cnt-1 sn-ccs . But on cheric^,? 

microsco - ic ex ninrtion, the inter—frp.grn -nt'J sp^ccs 

were found_ to be conplctely occupicc by c^lcitc 9 dolomite 

rfn siccrite 'n no tr^.cc of h=~.rytc yr-s fount' i these 

s ^.ces . 

Occurrence of pyrite is found, ;r the form of 

veinlcts ^n.' lensc s (T'if- . 15 r.nc' 16) . All ^.long the c - nt^ct 

of Ur. Krol -.nc' Lr. T-.1. 9 from Tohri Ro^.rl to T'oodstock 

School, s ^1J lenses of pyri+c --.rc found 'loth ir. the T-1 

-ncc Krol Rocks. L: ,chin g pd lirionit iz r;t io' h-vc extons~- 

ivc ly t -'rcr. nlncc but on cutting thy lcr sr s frc sh ?~yritc 

i c found. 

S*nor^('i c occurrence of pyritc w^ s r.xso f ounc' in 

the Up. Ti quatzitcs nc ^.r Jr barkhet . Tzere it is found 

in the fort' of srit11 pockets. P s will be r'i scuss - c' in 

Chipterl"', occurrcncc of this nyritc repro;scnts r, hyc'ro-

thc rma,l activity in the ^.re ^ • 
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C, :PrT'T'R _ rr 

PETROGF'.PHY OF T'_Tn RCCYTYPES 

he Arco unc,cr prc scat investig ,t ion consi at s 

m,,inly of v- rious tyrc s of shr 1c s , lirncstcnc ^-n ` eoloriitc . 

The only ') , sic rock r--ct 	- the -rc ^, i, t',c tr - ,ns ressivc 

silt irtrueed in the TJ 'cr ,Jxo7 ' olor,itcs . In t'zc orescnt 

chf-,ptcr the author en''c: vcurs to -, rlscnt -. 'Drio` pctro-

gr- - hic :'cscrintior of v-ri.ous rock ty'cs nct t.tithi'i the 

arch . In 	ition,r cscr J T)tion of b'ryt cs r:'. pyrite, the 

two enigcn- "ic r..iiner-.ls fount in the ~r _ n. is r',J.so given. 

Infra Krol Rocks. 

The rocks cncount = rer'. within the Infra Tirol series 

r.re (~.) nhylJitis shales 9 	(b) qun.tzites. 

() Phillitic Sh 1es. 

The phyllitic shr-1 s r: blp,ck colourc.c1 and 

c-rbon~ccous. ^'hcy are induratc.d ,nc' T,rry thinly ln.mina,ted 

over 15 b'ur's bcin prrscnt w5thin onr cf - ntinctTr thickness 

of th- s t r~.t ^ . Frc s , surf^.c - cx..iit s - silky lustu re • 



The locks '.re extrcmcly finc gr^lined ,.no Even 

un0cr the microscoc it is d.ifficult to c?ctcrrinc th^•ir 

mincr'_1 const'tucnt . 

(b) "uptzitcs • 

Extrer-ely thin l,yers of finc r^linen quatzitc are 

fount, alt - rn-vin` with abovc mcntion~' c'. phy-. l.it is 1^yers . 

The nuatzitc is bl-.ck ;_z colour,. 

Un'' r the microscopc the rock is foury corlposcc? 

mainly of finc gr^nul-s of qu z an: fclspars cr.bcddc. in 

an a,rg•i71ccous r_natri.x • 

This ^ltcrn^,t ion of extremely= finc gr^.irice phyllitic 

;gin -' ccr.pa.r-.tivcly coarsr gr;incc' q'1E1 zitic 1~,: ir.ation is 

probably in"Icativc of the varv6C' nr'turc of th sc rock 

tyres• The fir c phyllitr ancc coarser qu!tzitc layers r:^y 

be represrntR.ng fl- : clay a.nr'• silty scr'ircnts being t eros--

ited in n, g~ aciatcCl 1'kc ".urinC t'hr ;Tinter an suDi-,c r 

pc: io'-'s respcctivcly.  . The original clay an" s, It bus 

have suffered a low graRc of nctai or-,hisn to Live rise to 

the phyllitc an nu Yt zitc . 

Lo-icr Irrol Rocks. 

"'h,- lower krcl st^{;c is CrJM ,~'os~.'. cf ;ti=o roclr 
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types: 
(r) sJ ty sh",lc <^ncl 
(b) C~.ic^.rccous shr.lc or 	Frrl li:,cston€. 

(a) S1-t y Shale. 
It is an - r.rthy brown s..^1F. i.ri tl: --c 11 c.vclopc0 

cica.v^,s'e schistosity nr -rc foun in r.ltrnr,tc b~nc's with 

n^rl 1 ..:rstcne . !.vcr=r = t'_~ickncss of th- ',a.n,'s is gcncr^lly 

2 to '1 cr s. howcv- r- , bees of srvcr^1 :'cc-J.nctcr thic'kncss 

are r J! so F.ncountcrce, . Pnr -llcl arr-r:-- -r -cnt f is^.s ^.nl 

chlo-Citr h^vc irm^.rtcr 	sn.tiny 'usturc to t 	surf-cc of 

schistosity. TTumcrous criss—cross c-lcitc veins -rc found 

tr^.vcrsin g trouwh th- se sh-.1c s . 

The very finc gr --.incd texture. of thcs 	•kr s It 

rrifficult to recognise the _r'ivir'ua1. nine- -. c^nsti-
tucnts cvcn uncr the microscope. :?o•rcvcr,  9 r,ixturc of 

v(ry finc gr'.incc? scricitc 9 .civa.`tz ?n' c^lcit - ^,re observed 

to 5c rrc sent in gcoc' ~.:,ount rlonp with the clay r_~incrr.ls . 
Z°icro--veins of calcite me also seen traversing thr rock. 

'rc c'lcitc in thr vein is coarse gr^iner shoring )crfcct 

rhonbohcr-:1 cic~vgc 'n" cxtrcr..c bircfrin-,cncc under the 
microsco-:e. 

(U) 	 rl (or C le rcous S'- rlc ) 

Thr Marl Lo"c r Krol st c -rc fine ci .: -,cc? , dull 

-,n,' - -rk--grcy in colour. It consists nostly of cl^;ys with 



CaCo3 constituent scic~or incrs-.ing t-, 30 ixrccnt. ]'g0/C'0 

r^,tio is 0.''95-• Following t^.'-1c shows ^ nf-.rti-1 c''E-ric^l 

cnn1ysc s of 	r1s-. 

CaCO3 	 1.  60 ` 

:COJ 	 11` 

Other r,.-.tcrials 9 solt'.ble in 
IIC1 (7n' in? y Fc ?nd r1  
oxi~G$) 

I`~ tcrip.l insoluble 	 6l86' 
in T'C1 (rn.^.inly cl^y) 

Unec r the r icroscore the rock sccrns to he r.!^.in?y 

co: poste. of fi.nc gr-.incr' c^lcitc cr:berer9 in Pn cu i1.1-- 

2ccous mr.trix. 

Krol Ferl $h lc F.ock s 

Rocks , ncountcrcr! in Krol Her'. sh-'l : st~ ;c -.re 

purple—r€ d ^n,' grccn coloured vr;ri^g^.ter' s!:^ics: Sbrlr s ere 

soft ^.n,' cxtrcr'cly frirble y h-ving closely sr'.cer' foli^tion 

and a net work of iointino. Fresh surf^.ccs 'possess r nc^_ply 

lusture Lnic in c^.sE of gr-c•n s'^^lr 	i s r,o?- c i.ntc 1 ivc . 

ic cxtr-c: c : i'_e r~i::c'. size of the. co: -oncnt 

m-ter 4 r.ls nt-' cs their ircntific-ti.o:.. r"ifficult. - .io-•lcver 7 

ehloritr 	hiotitr. ere well 1t'eptificr1 ur_-'cr tlhc ~°icro-' 

scope, w'-.ic'. h^.vc "`orc or I "ss '. prcfr ror1 orient^tior. 'rr'-° 

llcl to the foli-tion of thi roc". In t' c green s',-.1- s 

chloz itc is Yore a bun- ant . 



Unner Krol Limestone Rock 

Rocks corprising the Upre r Krol Limestone stage 

can be broadly classified into four ty-)es .. 

(a) Shale, 
(b) Liiestone, 
(c) Magnesian Li:iestone and 
(d) Marble. 

(a) Shy 

Shales occur in the form of discontinuous bands in 

the basal Part of the U,̂ rer Krol Limestone stage ., It is 

earthy—buff coloured, indurated shale with roderate develops-

:lent of cleavage schistosity. 

Under the microscope the rock is seen composed mainly 

of fire grained argillaceous material togethrr with equi•" 
granular fine granules of ;uatz representing better sorti"g . 

They also contain finely crystalline calcite together with 

disseminated iron oxides. At 'laces chloritic material is 

also seen. 

(b) L,nestones . 

These rock t' r es occur in thickly bedded form. 

They are black to dark grey in colour and give sulphurous 

smell when freshly broken. ,In composition they arF high 

grade limestone having over 80 per cent CaCO3 and r!g0/Ca0 

ratio as low as .063• 



Following table s:ows *partial c' :or.ic al 

analyses of U;a^er Krol Lireslones . 

CaCO3 	 81 

CO3 	 2.8, 

Other raterials° 
soluble in I'C1 . 	0.32 
(MainJ.y Fe 
conpounds) 

Materials insol— 	15.5 
uble 9  in ITCl (ra-
ir_ly carbon) 

Under the r'icroscope they are r.,ediun to coarse 

Grained crystalline rocks coosinf; nra_rar iJy of calcite. 
The crystal size vary fro,-,. C .1 	to 1 rn in d aret er . 

Calcite show twinklin,,-  and perfect ron'oohoc4al cic avarye . 

Polys nthetic tiiinring i- i vnrious coJ,ou: 	so'e ti:'es 
seen even in orcl.ry li '.t • T'-,esc rocks a-  c seek 

traversed with fine trained calcite veins (Photo 16 a) . 

Minute pyrite 'rains are also seer. in these rocks. 

(c) Dolomitic Lir.'estone 

Occur in the fo g of pockets within the Upne r 

Krol Limestones. They are Cre'i.sh white in colour and are 

less crystalline. 

Under th , r is roscope the rock --ossc- ss Oolitic 

structure. Oolites of calcite, showin~ concentric rounded 

structure are er°bedded in The r ,atrix cog-;eosin;; of nediur 



-.51_ 
'rained calcite and dolor'.ite (Photo 'o-27). Grains of 

send -re found so:,.etines in the nuclei~.s of these Oolites. 

(d) T'~rble. 

These are pure white to bluish i 'ite, crystalline 

rocks h2-vi ,.; saccharoidal texture and vitgous lusture 

and takin'. rood Folishi:z{_. T~-~e rarbles are al. ost entirely 

cor.posed of CaCO3. (.ccordin7 to Auden the:' -re of 

::'.eta sonzt i.c origin,m 

Under the microscope the rock is seen to be corrosed 

of r"ediur: grained (C.E r.Y..)e--,ui r rnu~.ar, crystalline 
(photo 16b) 

calcite .;Ie calcite crystals ai c su?-r-'hed1dl and ross - ss 

twinkling, rhor^bohedra 1 cicava:- e and cxtre--.e briefrirrenco. 
' i t t i.1 ~ ~ V1uf;1 Iii 	if 1tC;f. l:U' UU1 S • 1:.l,E t t 1tSi e 	I .L Ui U 

is uni xial nr_= ! tivc it closcl.r s-a..ccc? ri"" 's. 

U-)r'er Yrol Dolo::itc Frocks 

The 	er irrol Jowo:,.itc: st;- '' is . our_c?to be co:-nosed 

of v-rious typcs of s,•ales and dolor'ites. 

(a) Shales. 

ales of LTn er ;.rol Dolo:,ite occur in the fore of 
huCe lenticular bands within t':r dolo II.- Cs. T .cy ' rc of 
various colours like red, '- inkisr•-' roam, ' uff,  , and `r-enish 

Croy. All of V. csc arc fine grained ar ill. ccous rock with 
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a distinct fissility parallel to the bboddin5. 

Under the microscope they are found constituted 

vainly of extremely fine rrained clay ninerals, individual 
Trains of which could not be distinguished. In association 

therE are very snail fra - cnt s of quatz , fc lspar , and 

flakes of :--uscovite anc' hiotite . 'T-xt in abune 7,nce is 

carbonaccous :natcrial followed by calcic and dolo".itie 

constituent. Dessi:-,.inp do:i of pyrite is so' 1̀ 7es noted 

which have been. --uch affected by lc ^.ching. 

(b) Dolo--•itos 

The dolorite of this stare is calcr rcous it 

general ane can no -roadiy clas~lif5,e<' irto `:free ty'c;s: 

(i) Fr:-:.entary carbonaceous Bolo: itc I 

(ii) 'assive clayey dolo~~ito 1 

(iii) T-Tell bedded cryst r li.ine dolonit e . 

(1) L'rconSol - t &C, rhonageous Dodo P-- 

This rock tyro occurs in the basal Parts of Th per 

Krol Doloi ,ite stare and also in pockets within up"er 

horizons of t?^is stare. It is - a 	hly friable, loosely 

c(nsolid7.tcd, concretionary rock with individual fragrents, 

of size 0.3 to 1.5 cr. on nveraCe. The intorfra ':rental 



spec. s are occupied by a ola.c'r carbonaceous and ar -ill-- 

aceous poirdery aterial. T1,e av-- a2c co ositio. of 

individual fry.,.,— ents are 

CaCO3 

M'CO3 

Other rlaterials-
soluble in H:C1 

•-- 50 .L L. 

42 .70i 

•20 0  

insoluble '1,2te vials 
in HCl 	 6.8 

The powdery ma,t ri .1 occu~yi:^ y t?-r int crfr; ental 

spaces , however, n"vr co :twin ''ore V-i `'' 2C % of ccarbonatcs , 

wigil its car'Ton constituent is a?-'rays ovc r 51"; 

LTnr,- r t::r 	± c rosco~ w ;... 5.~ r:t i o'-". c 	'r ` rMc 

st.' Lo e co ; osj,d of ca= 	t 	~, 	coo o 	stre,t' S 

and ;catches of opaque car',or-cr- cuus 	teri al . 

On t'.,,7 basis of thy- coositi' 	'- 	 cr°lory it 

appears that these; rocks 'ere orir•iY ally s~.: ~ ~.~.r to the 

other doloitc rock of t', is sta.';o anc have later 'bccor'e 

rich in carhoraceous"arr'i).J ce-ous :°^trrial by 1 cchint 

of its c - rbonE to constituent. It is possi_ hJ e t1, .t the rocks 

of this 'iorizcr wFre orinai y affected by sh€ rips . The 

sub°-surf-ce wt ~r nr-rcolwt;n7 through s:bcrrc :'ass pus t 

hpvr rcoved t:^e soluhic carbo„ryt(s and th-reby increasing 

the percenta c of cprbonaccous—ortliJJ.aceous r.aterial. 



This ostulauion is su'snortcd by thc fact that within 

this unconsolida.tcd horizon thcrc arc found ccrtcin 

ren nants of c'~nso2ic'-'ted, -,,ssive Bolo- ite si::ilar in 

ev€ry res"cct to oth-r dolo- -ite rocks of LT'-)--er ."::o1 
Dolo'-:ite sty,. e . r"orCOVer the n-t ure, acG rancT .nd cor- osition 
of the shalc bands foun' within t' is '-orizon is exactly 

sinilar to those of other ,iorizons of this st y, c .. 

(ii) Massive dolo:-,ite 

These rocks ai c light coloured consoli r",t cd color-itcs .. 
;ltern tine hl itery 'rey and dark--,'rcy 'ha nc's ^re co•- on . They 
arc very rich in dolo ryite arc' ovvc r ^C!; of °,;,o rz t r 1. is 

cow osr of car 'noim t€ s . 

The fol'owi.n tom.' 7c shows hc 	nZ :,~.~ 	.~a'_'scs of 

dolo:is. 

CaCO3 	 52 .8 

CO3 	 43.':> 

C''.Cr soluble 	.3 j 
etc ri?ls • 

nsoluhhl c rcttcrials • 3.52 

YO/CSC ratio 	.699 

Undcr the icrosco1;E thc rocks are fi.rc to :-,ediu:- 

rrainEd cormosed of dolor-itc -nr calcite. 
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fir s 
	l c s of 6.a t 1. s . 	s i L. c o 1 V - i t . . exhibit 

a p culiar str ~ -: .~.olitc;~•i ill c structure_ ) ')oth i z band 

s--cciren 	d u:.;dc t.-ic ,icrosco- c. (F,oto : -3 	'.17) . These 
structure s`,os c'.:yk a'" , it colour-.c r- "3 n.  

irrc_ular bands, the tickness cif T? j^A v~ri a fro' i 2 :1_l 

to a fr:-ction of a illi:ictcr + The rant, s arc arcuate 

end lob.t :. Sor:cti.TTcs tc r_o.:th of t'. io'ry s arc closed 

which rivcs a concentric larrirelar nDttcrn. 

Undc: tie ricroscope it is four :r' ta'., in cost of 

the cases the centres of these structures arc cormosed of 

fine grr.ined fibrous arrronite , the fiber bcinr oriented 

pernendicu' ar to the bands ( j .t . 37). The arat;c i.te can be 

well distingui :ihcd fro:' cm.citc b cc^usr, of clt: ^val c t nd 

its biaxial iacrf: rf ncc "i cure . Acnc ,." ;po.Lysy 'thc- tic 
Lwinnin is :lso one of the cij.stirruisbinv ch^-ctcrs. 

i t places colurnf r araJ:or.itc is also seen. Tho 

growth of araZonitc colurns ':or:1 1 tc the o,- ,ositc walls of 

the ire r: ost 'ba.rc's '.a-v 	ivcn rice to ch-ractr ist5c corlh 

structure. (Fib. i'L), ). 

Thesc"possibic all structurosn have already 

been rcrortcd by Withal and Chaturvedi (1062), who have 

identified these structures hroadi.y r s stror:. tol.itcs poss-
ibi.y bclonrinrr to nUcLa. 



..ot►,ver,  g the other pons bilitsr 9 rr.t t'i~se 

structures are inolF,-nic End aae formed r 'ter t',e de-'o 
it ion of ti'e beds, blr s,-:re solution ;process can .7.so riot 
be ruled out . T e ire II developed corb structure r^er.tioned 

above ma.: be indicative of cavi 	fi].i.. 

(c) -Tell bedded c ryst 1' ~ ne dolorlit e . 

1-_ese n.1E •.TF. .__ beC_c.e:' 9 c _ Co7is 	c' q?`<: .. 

crysta71 :e rocks Tits. cr ~. ° LT'.itp c:,Ioi' 	r/ 
porceliaricous appearance wrier. cE.rry. 

Tollow, I, table Si. os-rs ..- q nart 	7 	a,c~ l arya':, srs 

of these rocks. 

CaCO3 5C. 

•5> 

0er 	soJubles .22, 
Insolublc s . " 
.'~•O/CaO 	rr `,1.o 	is .7333 

tmndc t'_e : icroscope it is found cor,roscd of nart2y 
crys':~ JI.ised 9 color~ite and calcite rmineralso I'inor amount 
of sir'erite is also present . ;.1.1 tr.esF three r.,iner-1 ns are 
colour2.rss ii t'- F nolarize? ,;.Nit a"' '~o~-s- ss 7o- _,fect 
rorhoredi 	cic va, e. :_ :''ec' c'. 	ic'iei is 	c cd c.,-_ 
ro`.atinr, t':- stare _n plane polarized Ii  t . i- frir ence 

is extrer!e uit.^ 5th and ' th order interference colours.. 
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Under t:-e t croscopE 	aw.n cnr.st~.t'lent is found 
to be fine ^rryinec' ar 	. c ous ., ',c r , vi.- i an abunc'ance 
of dolomite 	calcit ; :r.r iris • :.ccrs ,o, ~ 'r; 	 of of 
quatz are also prese;•-t . 

(b) QhertjIe. 

It ±s fine r'r,%Ancd dark coloured rock t:►1 h sor~o 

':^t °rf syr aDpearancc pr,-, .our,':: spl nt = r:, to conchoi dal 

fracture. In hand spccir:sn - `. 2ooU r or€ or less ji cs 

horstone• It is tryvt rs e }.; ,,, 	-ou 	urntz TI' s'.o•,inr 

c S. . c i.h u .r 1, n 	i 	1 	P.. i~ 	i 	' 	' 	 C:.  ~ 	a 	''4 	a~  -•a a~ , 4 	 ... 

tr. 	ii ► r.Microscone - r rue'- .,.s 'ur r 1 i.o be 

V \'alT o J - 1t 	I ? T 
_ o' = - _ _s a r " Z ,  - !.Cr :'u t"i f - -. ~ .- : 	} o 	tier 

1r±;' 	crynto- cz~s} 	'1R`rr 'uatz. :' 4 	r1r' ass is 	raverscd 
b: 	u 	tz 	vein 	s' 	s, ; reti c 	t - pa .,' _ r' .'icro--faults 
(P. oto 2! 	a -i, 	-.:t 	i" ., ' 	_..S 	r 	- wr,r"2a 	an' S-h 

ir ' , 	i 	i S 	ç •1 . . 

(c) Arenaceo 	hale. 

It is a blac': colourcr,  g corpaet rock riv?,,,r 
corn, natively sharp edrE s on b:-cakinr* . 

In thin sectioi the r'c.'.r -round rrass is found corpos-- 
ed of finely crystalline cla: • Fine 'rains of detrital 



ua.t z a 	f :_lspF: r E : 	ca f1: sE. :'i 7tribut e 

1ritout n;- r}ref rod orient ryti o-, . Fr  .e dust of f errus- inous 

material is found oc curin, as streaks end patches • 

(d) C- rhon ac eons shale. 

The:' arc soft black coloured shales with ^raph-

itic annea.rance . he:' are fa. sc.ile arc' r, -, di ly split into 

thin i.a'rc°s. In t'I, cir cor.-oos-',t10-_ ' i~' perccnt r of carbon 

hps bcc -i 'oi'nd. 

t i : 	n1 c r o c o r` .. _,t -- r —r •- : -o 

OpaJUe. 

cr al . %cks` 

(a) silt stce. 	(' 	S. 

(a) 	it 	ne • 

'a c' fine t 11'".'cC rocir.S o=-' rc:' .:tir:.C, 'lack 

colours. 7 he only recos niza')ie rineal ° -_ 'pan: s ciucn is 

muscovite. PicscncC of 1n zrn.s detected chcid ca='.1er in 

b1,.ck siltstone. 

Unc er the microscope th- -or-lnc-J -al clastic rrgins 

ar: found to h' an^ular to suT-a4-rular quatz. Felsncrs 

arc also seer_ it t} :c sc ct ions i shoWJ n c~uadril s truc tur 



twsnfnin: ) in ,icatin2 the fclsn-;r to be nicrocll_ne. 

The ccmentinZ material is ferruginous and 

micaceous silt. Both muscovite and biotite are pr--sent. 

( ) Zuatzites . 

These arc enc- e lly coarse rr'ined , gritty and 

sometimes pebbly, In rcnoral they arc- noorly shorted. 

In sore vrria±ic s quatz f rain ra_n~'c in size fror, micro-

f:ranula r to (;rains of 3 ems • i.n d is 'yct -r. 

VIt.AAtii v7.. 	s~.2vCrV J1J'- --"C- 	••• L"~,••.SGitut-r1[, 	; 

A o'?n l to bc "`,1.1,1 'F, L y 	sori "°) 	'' 	sn 	a 
 

c 1 . 	) 	a f'c1.T f' rP 	s o. s u u r0 l '. ., ' t u  

zircon arc' .ice flakc.s. InL_~ , 	'- 	-~t', 	_~ - _•ial 1 	 ..r 	J 

is also si.iiccous• ':owov r 9 in a fci., vrricti.cs t' c 	contain 

Food a!:ourt of arr ' 1 p cc,cus r nt :. La7 also- (Photo 22) 

Intrusive Irncous Pock. 

:~-c basic i f'ncous rock occurs in the form of 

tr %nsrescivc sil1 intruded in t?,c Upper '"rol Dolor_nit:: s . 

In band sticci'on the basic rock is found to be a fine 

to modiun r inc? , mclanocratic crystalline rock. m'-to 

rranut^city off' the 4'-'trusivc body here,-, s-. s fror.i the 

marrtin to ';hc ccntcr. '?o individual nincra'. is identified 

'dth naked eyes. 
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L;nc'- ; thi r;icroscorc , -. rock is "ounc' to bc holo-

cryst~' ! i , .-nc' '1yridionorn' i.c . Tc ^ost r-romir•:-nt 

constituent •.d.r.cr~ls ax 4 	_? sr , - : s, follo.r:c 	orc r by 

zn itc a apatite atc1 marn - tite.(Photo "o.23). :.ccssa.ry 

cua_ tz ry s also nr, sent . S:cone,, ~ r-,f _.ice: .1s r)r--s:nt in the 

rock a: , c7.oritc. 9 urr,li t 	scricitc , c - lci.tw , scrn ntino , 

cpidoltc y r yritc inc' hcrnatitc • 

Fclspars corprisc t'•ro tircl of t:-c tot- . rinr -loric 
co.:nositior of t!.-: rock. It is in t'.. .'or.. o: r-+.:; i 
cnhcc1r 	c• 3or.at"(', cr„'S.t.1s r!-'ic` ^r' c:c+lo''I 	ur'Cr to 

r,1a.n- nolarizcd. 'i 't cnc' ivc firs 	rc' rii '^hits 

ir.} r'f 	 c 	3.o . 	. 'wo thirO of t. 	~. n.r 	sp r 

{4r^ins ar,_ h .viy ltcr(.c' but one t':l:rl arr. -'rccsh. 

;1 ;cry °' Fclspar. 

.. r,.~ car dart or ” t,r 4 r s 	'tcrri . 
Suci. 	r 4 , s :, vr' 	- :.r.ra'1 y , rcfr - ctiv:, 3nr,cx ,i,-,,.,-.r, —i n 

t'.%'l of C'rac'a balsam, 	yoc-' 	f it ; r' its s'..o 	1o~r r 

or nr-::1'Y c -ual rcfr-c` 4vc. i :c cx. 1atht t,ri':-1*i ° is rarely 

o'.a s: rvcc . c'r 	r 	_ ,,y i 	y' - l sp _ 	is too c? our' 	.z 	e:>.t' 	t ,us 
pre v, 	".:s it 	it 	r 	co- 	? 4- . . 	7v 	c-t.. c 

index 	.'. s e: 	l? ; 	: i , 	oC ,. , ., -, 	r, 	v 	rust 

bc in ' c oli'oe]ase_-andcsh c i -rv'c or :..ay '-c. - ver -ore 



calcic s T
h
hc 1}QSS ':P1tt7 tn- v srr'-€. of tC h - vi]y a 3tcrcd 

fclsT) rs may be orthocl2.so is rc:otc , but -,.othing dcfinito 
can be said in t.'i s rc-'rd 9 as olis'ocln.s, 	as a refractive 
index ranee. from 1.c92 to . •513. 

r6 Elsnax 

The fres?, fc lspa: s :-av c 	lo c - r:fr-' .vc index 
than th 	of Canada balsas • ''. !u:" S' or ") _ a~? ;7 { rir':ir 

occ --si o :aJ l , . ?'hc r-axir u* ext: ~ct o: a 2.c =rit r :sp:ct 

to twinninr• is 1Gc . '.' is f Jsn, r is ±'- cr.: 'orc P.Thit r . 

rte- 	}'".r' st 	Luc of CO::)a.r - iv~?~~ w:. SS ~~ ~rr~,(~ ,..-- it _yc.~ 

fclspars is t ^t t'. 	u: 	Sc{. i aitcrc/ P t }'~~ Cc.r- trc t ,Crc" 

as at t',. '~orccrs the 	~it. fr F', . ~"- s 	~: 	c ,'.0 	to t.-e- 

cs11.i C..r ~.. c 	~ t ' c Cior osiv c 	
of J..? 	- '1 sn = 

	
F̀'y. c... y-~ ,.1y 1 

to t.i£ C'ntr,9 	: iC: "i" :t '-,av: 	r' ';t, vs - c± zcnir.r•C 

If t' is ,)ostul-tio:, is true t'.cr, r ^s± o° t 	"c.lsnar 
cr,lst= is in t'~e roc's aril ti° v 	to 	e * roe s-t rs 	eJ.1 
zoned.. "''.:i s fact t:- er` ` l' niso ix. ;' 	5'.s r.co of 

tw '._.i° 	any t'~ . fclsr^.= s. ..cc^ 	to ^w,~ot, s 	 ~Y') in 
pla: iocl:s - f..-7s~ons zo-_ 	n 	* r 	Y ate 	u ti.,,~ . 

exclusive-°a well zcncc nip.; ioclas cr :st:l s' o••ine J.-ss 
devclow cr t of tw•rinni r-,, . 



;.0 i t c"" 

:_u it i is foui o b t, e next abund ant mineral 
after fclspa:s. In c'iff-:rc•~t t', rl s'ctions it -,,-..s found 

both in 	form of siib•-1.c'1r-1 - <':Enocryst .,s 	-s in 

sY,x.11 c: cr ;, 	short rri. nnc.'. J C cr- s':. , ls . I'_ uc1 o '.x : t is 

p~ le ureenisi: tc pale pur-)U_is: 	'9tiyn r 	s '.~_ `.: relief 

and two sets of cicavare -Ir ost or'a]. to rc'.1 other • 

Intcrfcrencc colour in -t-neral ar.; of fist order but thick 
sections s: o=r second order r'reer 9 c2'oTr and ,~urrle colours 

also. 	cti ction tTE.s found v2ryin,• fr^r- `95` to -^r- 0 . 

.ur•ite is '.'. 	 l~r flt; rcc'. into clorit - a-'d 

_A.T?L1 1~0 ' 

:_ 	r c 	is rich 	.., °-1t.. T 	so• r s .ctjo .s t'.e 

apatite as our' °.o h 	o-,r-t 	? 	C" + 	f +' 	to.^.l ."'1: cY'°° 

alo, is co: ,osit 	 ii 	roc': • T 	e.r t'... f'or: -. of cu'- cr?r-1 

cr`.'stE'ls of io.. rri.s:._~t1.c 	.- it ; basal s ct .n 	in' sip. 

c. i 	 ~+ Si.f, 	 J t!^' 	tT~3'. 	~~ ~J 	y~y LY 	1 [.T j ec~• Firc~~.rin~i 

t.hitc i. Sri L 	 ..rcr. co'i._ ` • .. 	 cL. o s - :c iH otro".ic • 

Ma1°nct it e ' 

Ma'nctite was ford in rood -"r omit Jr c rock. 

In 	ii s• ct -Lon it 	s oPcquc • In nOi' sh''_CCI 	SCCt? C:: '',t 	1 TS 

foL'nc 	to ' -Tr. 	p tlnpc of pirki ,'? colour 	rrid 	t',cr fore scorns 



"Eye — 

to be titarifrious. Lt plat. 	it ',mss '-)cc:i -,ltcl3d to 
hcrl2titc 	cothitc . . 

^u~ t z=- 

-,uatz is fo,-m occurr1'- in .-i or- ;-u,ount . It 
occurs int.  ro?•m. with f'clsn7r i_,' :SO e s scn,rnte - Tins 
GI: ins rr 	i - ,u;, _ ~ -Z ::c. o o. "' c 9 s' oT 1in first order 
rrc ^rc yel?o,•r intcrf31E:- c- colours • 

L-+tlis of c? orit' -rc fount? )s F °, -2t- rn,tion 
pioduct of au Ltc • It 1-- a^•"c rf.• ' is co-1oLu.r, i t:- 

df.'Ic 1.opr"cnt of c'r o sc t c 	c, ^V'', 'C 	Vr r' low 

bL c f in f'encc • 

Fibrous 7. r, rc- t of s`cc r r ,z-_, 1 v^ ar- f ,, 1  
cu : - c th( 	1.~~ }~t;o 	f ,u 'to. 

Serici. o— 

,"^-r sbrcds cc!' scnc.:T: 'icy 	zr,_, '— 	 cn^c 
oic'.cr 	tcrf.1€cc co? ou_ s -.i- s; 	_~ 	:-".-, ~'.? toot' port io--.s 

o'' he f cl sp . S. 



Calcitc 

Gr, ns of cr I c1 t- '- - --'r 	crfrct ror":, ohcdr.,1 

cicav,,t c ar( cxtrerr:e bircfr.  :.r .cc ar fr--uc-tIy scan 
L.n thr ti:in scctions (P,' oto 24) . 2i - c i:ay '-,c sith. r 

co1ltamin tc(w or o1~1c' ('.- vr rc u.1t~.d fr _ tn— 7i'box~tion of 

c-1cium o-,. the brcakown of n its Inc. ~1~ ioclr.sc 

Sc:pe '.t1.i c , 

On the sheer plancs ithin *c basic rock, a 

co,tin' of serpentine is fours. Under the r.icrosco?po it 

is na 1c 'rcen am is fibrolamc 7 .ar structure . It h^.s low 
rclicf ~:~c' I.T , ak  ircf ri..v' ncf• 

E121 ao V C i 

Collur , r -. (- r- ^tc s of 	 r- '^ onic'o±c 
is 1 ow 	o vc a. .i r. r CJoc..l 	~.. 	v *, 	• It 	i's  

relief - re stror_t= bi.rcfr 	enc - . 

?1nutz_ crams of nyrij, 9 disscr ri- tcc 	tin the 

roc'_ arc v _ cib7 e Ever vi.t'. unar'ed -yc• In polished scctioh 

the nyritc is 4o' nV to hr'- ic~lonorn,,ic tcxturc. r.nc' br^ss– 

yr ;1 o color'r • 

:~cmE tit ~ 

In Dolishec' sections hen tits ,,nc cotheite are 

fora .ci c.t tho r.art ins of ma.r'nc ito 1'ra i:1s 
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the noc~.l cor^positi o°,. of ti~ r rock, as cterr i.cd 

by Swift Point Countcr foi snrci' ens 30 '3 .nl 21,'1 is pivcn 

bc loT.r. 

Minerals 	 Percent of total 	Percrnt of total 
mane~.loryical 	ninrrolo- icr,1 
cori osition 	composition. 

Si .o .30, 3 	3r. 21/1 

;.1.tel :d fclsa1 s. 	 C.7  

t 1.e.li,  fG-.s„ ti S♦ 	 .Yi♦~. 	 /♦'.) 

I,u, i , c, with clox-i t c 	2C .0 	 21.2 
r, n,' Lira lit c.. 

1;prtite 	 Q.2 	 10.0 

:`nnc tite 	 3.5 	5.1 

Rest. 	 5.3 	2.4 

"omencl2ture_. 

The basic intrasiv ioc'ts i. T'rol forrPk i o of 

G , ht , 1 	.s ')c7 ,, co-,,c ,uled by :_udo (i34) as t,v.,rA,inr. 

fro: , ;uatz--olioelasc cote rite to cua,tz a;.zc'.sivc dolerite” • 

He has ivcf he corip rchensivc name to t h~. sc rocks as 

lencophyre s . 

Since- t,:c iota; s1,o„s h - ..vy 	a't - r tic- , p;'.rt 4 cu'.sr1y 

of 	` els~'ars , 	it i c of nos: 	h' .- ',) 	'-_:o, T - 	or. ii co,.p- 

osi.tion of 	rock. i. c:. ,. fcy, a ... :, s :, 	o'1• :;'.v.. bccn 



very helpful in 'Y s re ~ rc' .Sig i ' ~7 rocks h -Tc be rn 
described by Jol.- nnscn .,s Cii bas- porvhyry -nr' - uartz 

diab,.se 9 but t1- former tort '.i 	o`Lsh rice 1^br..-c'oritc 

anC'. the 1 ttcr norral labra:oritc • r" c ',resent rock 

dcfi~nitely shows Sa.USSUitiZati^'i as is EVi c'''.t by the 

assenbJ.a. r,--aua1 tz , aJ bit- 	c.i~,o'',r 	c'- 'o-,. it- 9 : c: i.cit" 

calcite a e.. it also ,'.:Gt~s VrF.;itisat - o, . c '"f1' - • But 

these chEnr•.cs arc not coni lots in t''c arcsnt cc sc and'. hence 

these rocks cannot be cC 12.cd saussuritizcd ' ,-.bbso • 'he 

presence of -10'. aratite also needs an cxnlc nation, if this 
rock is Warded as rrtc•dolc:itc or lenco-,hyrc. The ,cr'. ral 

texture of th rock is su&'optitic anO tic cbscncc off' cicp r 

ovic'cncc of the prosncc o' ort'roclrse prevents 11 c-, -7l~.nr' 

the rock as mzcro~r-no-'1oritc or nclar'o'- zoritc . It 

1r'T?O:Tt, thcr :fGI y 	::,, r rlri ^•i]rr' inv' s .-. do°'. be Ccne 

of t'.^s i ntrusincs of th- :rroi_ "J  J,t, ;' c'uc i 	t'~r ch crücal 

wh!ch c^.'' throtr sore , 	',t o:., I-c ori,.' n tr.e' nmturc 

of hr.sc 	:trusive • '.'ith 1'<c work •►' ic' coi:i_{ 1,;, d'GT, ^ at the 

nr'_sLrt ir.s4 ante 9 '.hc nrescn`. roc'_ c„: 'c c ,'cc. as ratito 

1cnconhyxc . 

::TT  vcrot.li 	 Z,.S.± 

The. rye'; othc rn ;l ;,A.--c s.is occur rncc net within 

to ' f ^x~ < <.r~ those of (a) b yt- :, an (b) nyritf 





(c.)  

The occyrcncc of b rytcs in t'.,j Ur cr Errol Dolonito 

hs ,lruad.y bc,.r 	ntioncd Jr t'hr. C', .otcr III. The important 

points of thr moc.c of oc:c:urrcnc-., of thes. bf.ryvcs arc that- 

1) They arc found sn, 	c form of vcirs which show 

pinch and swell S+, rs..cturo and sor"o times box—work 

like pattern. 

ii) Thoir occuircncc is r stricted within the Upper 

Kro]. Doioritcs . 	 • 

_. it 	crr  

of Krol .. e.1 ccn L 7Ct m 

The bary" es i - } re: sh w''ite in co'our }nd hrs virtreour 

lusture. Specific :r v:'.',; of v^rious s^.r°nlec we's fond r^rn=• nC 

between 4.2 to i.4. 

Under tho :Jcrossee ,̀-ryt^., s s found to r-vc r r-.nulaz 

- tr °rc y - to end 1 ^melnr fors • It s colourless in 1;].r=n nolrtrized 

1.i'ht end has fairly hi J relief 	two sots o cle^v^. e at 

ri 7ht angle to e-ch other • Divfrin, encc is wee:c nri tr.o 

rr^.xirrum interference colour,- nrc of firs" or loi, second order 

(Photo "To.25) . Interference figure s nor>.tit.r€: 	-xii • 

The b-, rytes is feuncl nssoci. ,, ted with c nlcite , 

which  somretimes predor i.n:.tc s over b^.ryt(s ® 3-.rytcs i::.vc ] so 

bc.cn tr-.veisod by Clc:ite v' 1: r• The on7;r cc~rclusivc ro r'rk 

rerardir 	. c nonesis of 	csc, 	.rytc s c^.'. ',e that they ~,.rc V 



' .f 

fissures -nd other c2=rity fill r;' cicnosits • Wh-t w-s the 

n^ture of t':c solut_on which h~-s ^iven rise to these 

deposits end wh-t were the source of i ptnd SO4 ^re so:no of 

the riddles which hzve remained un' nswcred duo to li-°ited 

scope of the present work. It h,s also not been possible to 

determine whether there is nny pe-netic rcl-.tion between the 

barite -.nd pyrite met within the L rer. . 

Pyrite . 

Occurrence of pyrite hrs been noted in both Upper' 

Krol Dolo'°ites -end Lower Tal Sha1c-s . In both of these form^tions 

pyrite h's been found either in pockets ,rc in veins showinr, 

swel.1in- end pinc'h1nr, chzr^.ctor. 5o.1etir^.Fs . very thin sheet 

of y-asuii is found on cithc r sic' . of the ;pyrite vein, which 

mc:y h-.v4 resulted by the ro-ct or. of host li> :;' ono rock with 

the pyrite be-,.rinr solutYYY:.. 

Under the microscope t:,; polished sect'.ons show that 

pyrite is occurrinn both -,s massive rynd disseminr ted forms. 

when r^.ssive pyrite is ener^.l.yy fine,, rr-.ined. hen disseminated 

they -re -cr.er ,.11y in vc11 dcvelon ed cryst-11 forms. L section 

of Upper K rol Dolomite rock shows dissc.minrr.ted pyrite crystals 

h''vir,f rcm rkrbly strniEht geometric^.l bounC-rics (photo 26) . 

Their section rro sour re , rr ct-n ula r and some times tri lnCul( r 

also. 

Bot:T rr ^ssiv: end isscrinpted pyrite is seen rltored 

to r'oothite. The r pl^cor'cnt of pyrite, by goethito hn.s ?'iven 



rise to se7er~.1 tcxtures like co oforr^ 9 isi-nd hnc psodo-- 

myrmekitic. 

Most probably the pyrlt u of this rrc arc of hyc!ro~- 

thermal on -in . The f ,.ult rj^.nc or the Krol~-Tal thrust blare 

mirrht have acted f.s the f eedinr channels for the nyrite be ^r_i_n., 

hydro—thermal solution which has deposits its pyrite constituer c - 

at suit?-blc pl-.ces both within rol md 	1 fora^.~i.ons.- 



CHAPTER V 

SEISMICITY OF TIS REGION 

I~TI TO lg"_T_ L:CC C)TTnTr. 

Mussoorie and the adjoining regions lie within the 

seismic zone of India. A, large number of earthquakes have 

occurred in the region. The table attached to the chapter 

represents theavailable record o" some important historic~.l 

earthquakes which occured in Mussoorie and me 	'nouri , " tarts 

of Northern India. The epicenters of some of these earth~Lt ass 

are plotted on Map .15 . 

Among the most important arthquc'ces y rh eh have occ-i 

urred in ussoorie region during the past one an half a century, 

mention may be made about the following: 

of 
In the yea r 1503 (exact dateLrecorded) a violent 

oar t!:qu kc shocked the entire Gard ',ral• -Kumaun re ior . It was a 

disaster earthquake lostint near-1y 30C human .'.lees and damaging 

a great number of buildings. 

Soon after 9 in the year 1>0J another strong earthquake 

commenced in the Garhwal area. 1. huge landslide, resulting due 

to this earthquake, blocked the course of Vishnoo Gangs, river. 
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On 11th P;pri1 9  1843 an earthriu ke of sharp intensity 

was felt in Landhour area of "'ussoorie. This earthquake was 

felt in Delhi and Meerut... 

On 10th January, 1842 the Mussoorie--Simla region felt 

a severe earthqua ke with damage to houses, but no loss of 

life was reported. 

A violent earthquake was felt on th „prH 1905. The 

main epicentral region was situated between. K ,ngra and Dharamshala ;  

while a minor region of intensity greater thafl ic:osclsmal 3 was 

present in Dun valley (Map. 6) . 

The region of high isoseismal around chrpdun was, 

according to Auden (l9'2) ,probably connected •iith either the 

Nahan or Krol thrust, because the long { \IW of Ellipse repre---

senting isoseismal S is shc,:n to ' ie betlaroer T:^. p1..r n.nd Ka.lsi . 

The e^.rthqun ke was responsible for great destn?ction to life g 

and property. nearly 2,000 life were lost. Consixi erp.blc damage 

and collapse was suffered by house in DhradUn, il"ussoorie and 

the bazar of Chekrota. Dehradun rose •44 foot relative to 

Mussoorie as a consequence of the Kangra earthquake • The dome 

of the Roorkee University bui3.din_,  was driaged m,lrl had to be 

rebuilt. Cr7.cks in bui]din °s and other nTinor damage was noted 

in Lahore 9  IXritsar, Jullundur and Saharanpur o As much as 

20,000 human beings arc estimated to have perished. 
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On 20th October, 1937 an earthquake with its epicenter 

at U .P * Himachal Pradosh T3ord er ter^ s very strong;' felt in Dehradun 

and i mbala and strongly in ussoorie and P,00rke . ''To record of 

damage to property or life is avilahle. 

Locai Shocks . 

The enquiries made during the present investigation have 

revealed certain interesting information reg. rding the local 

shocks felt in Mussoorie area. ccording to the information 

given by the natives of Mussoorie, the southern parts of 

Mussoorie he s remained seisric,_.l y less active during the 

past 50 ye<rs • On the other hand mild to sharp trer..ors are 

occasion>Uy felt in thr Lan1hor, Jabrrkhet -.r.t other northern 

parts of ussoorie... sharp trcnor ww:.s fs it in ths localities 

on 27th May 1964. This shock which was f 	for 2 or 3 seconds 

which caused cracking of w ] is of a few house s I  in Landhour and 

Jabarkhet areas remained complc,tely unfelt in southern parts 

of Mussoorie. 1. possible explanation wil_ be given in a subsequent 

stage of this chapter. 

TECTONIC FR;.ML T!CRK 

The foregoing accounts indicate towards the highly seismic 

nature of the region. The cause of which presumably lies in the 

geological and tectonic set—up of this part of the country. 
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;.s it has been mentioned preiriously, Mussoorie is 
the 

located within the Krdl Belt. In this rc ,ion there isL,presence 

of several thrust planes along which slices of the crust have 

moved considere'ole distances in order to adjust themselves 

to the compressive forces. Jutogh, Chail , Girl and Krol 

thrusts and Mainnboundary fault have been established in the 

neighbouring Simla aroma. The 1 rol thrust and the main boundary 

faults are persistent in the Dehradun—Garhwal arc also, where 

the Krol thrust have over-ridden the 	in '3oundary fault. 
In addition 2  another thrust known as to Garhwal thrust has 

brought the Garhwal nappe over the Krol belt. 

For complete study of the seismicity of the region 

consideration of all these tectonic planes is necessary. But due 

to the limitations of the present work it was rot possible to 

do so. :. brief review of Krol thrust , however, is given below. 

It is because this tectonic plane is the nearest one to the 

area and has possibly more bearing on the seismic status of 
the region. 

STATUS OF LC7,TVI 1.I ITG KRO I  TT.-' ST: 

The exact age of Krol thrusttis not known. however 

according to Auden 9  the thrust must have taken nl<acL over a 
considerable l& rigth of ti rro . CubsF ;cent works done by Jr;lote(1961 , 

1962) , Krishnaswa,mi (959, 1061) , and others have reveal the 

fact that movements have been t .kin puce in the sub--Himalayan 
areas till the geologically recent times, 



•uthor t s f, 1lo';r vorkci 	^.::. T^1otr 	iye t, orin 

in the r.^ »vr r r c ^, h^.arc otc 	: - - the Ohr:ndcur '-hv' I it e 

h^ve beer thrusted ovj r the Tun r v-1s . ' ',-.s r so 

obst rved tilt .-d 	recent t~rr^.cE dcnosit ~.?onf- the 

thrust . On the b~•s_J.s of ;h~.s- 	 h h,-.s core to 

the conclusion th-.t ''rol thrust i avc boon -•ctivc during the 

recent past ti::es. 

FCC -I ITT I~, T  	"'',T1 	T  

o ncrioc'ic rE;;ula.rit: cnr' c est2k1is?~ed for the 

corn. cnccnent of ^.rthr u~-.kcs I t'-.c u 7ooric reb_ion . Cons-• 

e-ucntly.t ?.s ir,.,os;",c to s 	 xt s' oc. 	`0c 

cxr.-cted in the i . ion. .Ioucv c i ; t'- 	fore ,oing ° 1scusss on 
ir:dry..c .tc ',,, ,± l:ussoorlc tic unr.oubtcc'Jy in -. sr.isni.c 

nrc^ Inc , '.~ r-r for€ , thf pos:~i biUUt' o, svr 	scis -Ic 

dpmagcs c, n not be denied. 

:^c ore—sznt 1j'- h,.~; M : f,r ~. ~.r 	yc 	ro►. .rl~~ 

bouniy is a t ctor.ic ofc. .'.s : cnti o;. has bccr nr'rce 
c eviously S i t T,ra..s not-d ' Y ,-t rrorc e-rthuake socks h--.vc 
}neon recorded i. the L^,n~ hour, J,-bprkhet an( older areas 
situated above the ;'rol- a ? bou.;c'— y ; '_-'^Zn thr as 
bolo' 	• It s~ yws t'; -fore to-ic,l to believe that the 
Kro1-~r i '.o;zr,<_ r y s.: a (', rc 	iced -s ore -._. n 1 ' w to 



the c-: thqua ces than cvur th 	ro1- 'iThrus t . It is , thcrc fore 

necessary thi t a detailed in~r ±,Aor of th:- ro1• •^al 

cont~.ct be undo tnIcn "ith 	Sri7-r to svuc~J the t ctonic 

ar Sc ismic aS' cts of hi s, }i&it of 	 'a~_ayrs • 



Nodorst e Delhi 

Selrere 

The last of three earth-
quakes felt during four 
months. 

West of Delhi 9 alausea and 
Shakin,; 

1830-July 17 

1831-October 24 Delhi 

1 

TA13LE• 	C0̀) 

Pr.ST RW'CORJ OF IPOF{"',""'T ELAKES 

Important Earthgu,^?yes in and 
Around Dehradun 

Date 	Place 	int c n sit.. 	1 emar': s • 

1505- July 6 Agra Severe Great damage 

1669-June 22 Kashmir Violent Large fissures in ground. 

172 	y 15 Delhi Severe Great damage b 

172&-J 	r 15 Delhi > 7.5 Description of damaF,e in& - 
icates a magnitude of 
greater than 7.5. Great 
damage Pnd large fissures 
in ground. 

1803°- May 22 Upper Ganes --• Severe rurblin5 noise. 

1803- Garhva1 Violent 200.300 killed, 	'reat 
Kuinaon • darn 	e. 

1809- Garhwal Strong. Lanc1 slide blocked Vishnoo 
Gania• 

1816-May 26 Gangotri Severe Landslides and rock falls. 

1825-March 22 Delhi • Sharp  

1828-June 6 Kashr~ir 1ery severe 7 9000 killed, 1200 houses 
and 15 destroyed 

Continued..... 



__. __._w _ -H--- 
1842.. r T 	6 	!, rune 16 t a a ~~ h 	r~ r?v 	r  5 . 	~. e "F~ 	..  .. FJ.t into _ irz~. cur and 

r' hunar 

1842• March 5 I 	ssooriE Dana j; 	t 	houses. 
—Simla 

1843--April 11 Landhour Sharp . - c-lt upto Dolhi and 
(Mussoorie) Meerut, 

1851- Feb. 14 Nainit a,l . Liht 3t orm 

1888- Au ust 11 Simla Lid Y t Two shocks. 

1860- July 9 Dharamshala Moder-,te 

1905•- April 4 Kan ;ra Greater 4 	Cr.e't 	dar are y 20000 
I1 I 	F..F . killed KanF ra and Dharam-- 

sale do s'- royed . 
1937—October 20 U.? and H.P.  >11 R .F . ; 	F s1 t very strop; ly in 

3order. DehrHdun and Arrhala 9 
trou 	in "uscoorie 
before i oorkee. 

1955-- April 14 > IV PP 'e1t 	,nt 	71 z ,.,1a. 

1956 October 20 Khurja (.7I 23 killed in Bulandshahr 
Bulandshahr ;ono s1 i g .t ly injured  

r. 	Doi hi . 

19G0 .uf:ust 27 Delhi— 6.0 50 inured and mi.-or 
Gur 'aon • propc"y ",^' , ,.c 	at 	'.rf w 

Delhi 

Date 	I P Arrival I Position  

195 6—Oct. 

1958--Dec. 

1961—July 13 

h.mes• 

1 	07 913 ,30 1 25.8-31 .5 

Felt at Roorkee. 

Felt at Hissar,  9 Simla 9 
Bareilly and Roorkee at 
5 he 37 in with intensities  

VII, VIII respectively 

Moderate Intensity well 
recorded all over India 

Continued.....' 
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1962-•July 13 05, 08, 6 30.5 , 79.6 ePr .lmnora in U.P. Felt 
st ron,'.l y at Almor a , 
Nukh.teshwar Tel 
Felt by some persons at 
Delhi. The shock was 
recorded in almost all 
obserrratories in India • 

1962— July 14 15, 58, 53.7 30.4-, 79.5 Year 1.lrlora , strongly 
felt 	at Ll?nora , Mulct e sht,ra r 
landslides near, Joshimath y 
Recorded at almost all 
obsory t.orie s in India.. 
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5..1 I 	.1 	i• 	C. 	V 	1 

Tho :,res rt srror'T —as c-: rice c','.t iiith :. vier 
to study the frcolo'" , struct„r( -Tr, scis.'-•-'.city of the 
South•-vast: rr. part of ussooric. "':'c ; .it:~or .,r.s studied 

the 'co'or- holo,-'y ?nd its r^ -ti.o s'ii 	it = +',- r•eoloc'ic-1 
sot -u" of tt' c -...rc 	iri Cl^ 7,,t r T. T; .. c. t' 	F7colo'-Y of 
t x 	z.Iny n Th1t is 	corgi 	cc . ^ c S it 	s c.czssary 

to r'fir' 	 ç oiiir t 'orks 	+. 	~i 	_ 	..:± o
' rc- .' -'t c 

~1 	- 	yi 	1~'_ }tom 	':of 	5` + • .~ 	_ 	̀✓~ ' o:•' 	C 

• .. 	 TTµ ' S T 'e r , s i s 	E~ 	c 	
_ '. ' ' 	`. y' r • .h ... 	.- ' o t 

' ~.." r. St TUCtU 	C. fit 	'T 4 	t 	~~ 	~ t ,' 	 C' ]1-' 

i 	t cr 	T1 	 yt 

' ^ 	 r' 	iG St E rT: 

ii.'; of 	''^4or SS,'_
'c ~ 
	i. 	o. c:: o 	r 3': hc.  

-nrc 	ra.ngc fro- Trfra-4=rrr- -~s ta-: Tr 	-.1• r'ro?. doJ.o- Is 

corforriinF to Yro1 ^ of Pi1r•rir r .-' "ost. The :'rol Serifs 

is 	ot.r 	slain by Lo, -c r 1s 	.' t~v 	cot act 
ti, r t,,ro Is not 	lorr" 	. 1 shorn 	't this 

cam, yr ct ; - 	f -,aJt . 	ors C 	t' 	-,,,t' rc of 	Iidcd 

tru 	, atI r test 	, ;` t n; ,s ::t 	•. 	.  

dcs :ri.rtio 	of t' - ,- ocics su' 5' 	U 	v .C) 	t 	- rtia1. 



ch`rical ana)yscs ad "o.' ~ . ' vcn lr, 

C',D."`t C r DT. i' 	C r 	t ur'' C ~ t': 	' ' ryt c s  	, ~' ' \rr1 t v 

occurrarcc c hav hc- r. rr.,or~ c( 4nr iscussrc? ; n the 

sar c chapter. 

On the basis of th _ stuc'ics thus cr.rricd p the 
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