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The 	herein dsscr.bod is 7. )zrt of •iussoorie 

R..jpur re;ion -illotte;:A to the ut:lor lmd his cole~gu s for 

ceolo is^l, tnd s'Mructur ;1 r : ' in '.:d for collection of 

s,I-isuic dot ,. this project w s jointly sponsorci by the 

Doptrtent of Geology end Geophysics ) University of Roorkke(. 

end tho School of Resv,irch and Tr-iLnin^ Li Earthqu-tke 

n ineo r ; C.3. I. R. This entire r.:gion wvzs split up into 

four secti ;its -nd the ,ut nor and his throe other col ; ovu 

worked out one portion each in dotcil. 

The '3r.., : Sou 1..1 ',~...ld YJes1, of . ussooijee W :s red 

by the -.uthor Li Jun,; xld Octobor 165. In the fi1d 

v^.rious litho10 is i units or tr .c 3 and their cent .cts 

r irked v, .inly by e .lploying pl.cc ind co p ss a:.ethod. 

wore vis1t°ea iiid the 

str ictlar I ^nd litholo is :tl d :tz caI .ecte I in tic field. 

The vmmro tch w-.s not 1tnys e sy e.. is to be expected in 

the ::ount ~.ino3us country znd vis..t to severil p1,.ces htd 
to be -tbDndancra on account of thick forests of vo,otttion. 

Frog: ,j:.owd)n unto the oowor h^use r. =piling W'S 
done on the "-t ::i10 ryuido r.1 zp of 2`ussooris. Laeest0rn 

port icn t h ~.t i s cloud end H 't 

	

hip cloud 	 ~ 	rip zon :3 onop section is : opea 



on 	 6.5"-1 :_:ilo n . p e.".l -.r ;ed fro:. t:.e t c'pos:._, et 53 J/3 

of aurvey of Lzdi^.. Finall~r in tic 1 ,,.,or story t;L e 6.5" 

r_.'•p ,ins ezl r d to 8" _td tLze lit:i-)LL;ic .1 Ind structural 
d tt - were filled. 

The v'.rious units :.~ -clod in. the field are Infr a-
:Crols, Krol A, Krol B, Krol C, fr.~1 D xd t,ie intrusive 
bodies. 

In t0 1'~')or ito -y :,icroscopic studies of v :ris'n 

rocc ',Tpws wort; c'.r iod out and t;ao lLestonos ,,,jLre c~1o. is .ity 

~1=1Is d. Tao r:icrosco'ic studies sort t~Zo desi;.z tion 

of to intrussivo bodies as :.ol-. -Ionz:mites. fIau results of 
the Ci.c .1 ' n alyss .r: listed in Table o. 4. 

--~~ 
D .te: 23 	rch,l966 	 (S.:t. 3 L F ui ) 
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CH.PTjR. I 

UTHGDL'CTIO:a 

The area under investigation by the present author 

forms a part of the South Western Mussoor ie 9  and is situated in 

the toposheet 53 J/3 of Survey of India. It lies between 30°26' 

and 30°28' 30" lattitudes 9  and, 78°' _  and 78°4' 30" longitudes, 

and covers roughly all area of about 6.5 square miles. Mapping 

and field work has been- restricted to the cloud end and Banog 

hills in the North 'West and the electric power house in the 

South East. 

iiiussoorie is situated at a height of 64,00 ft 

above the mean sea level and is a comfortable sw"rler resort for 

the people from plains. The temperature of IIiussoorie ranges 

between 23°F in the winter to 78°F in suiu: er. The annual rain-

fall of the area varies from 90 to l0 inches. In the winter''; 

snow f i il. is quite frequent. 

Most enjoyable and convenient months for the 

field work in the neighbourh-,od of Mussoorie are the months of 

May and June. During these months the weather is pleasant and 

the skies are clear. From July onw`.-ds the sky is almost 

always ovetcast. After the end of monsoons gradually the 

temperature goes considerably down, so much so that in 

December and January very frequent snow falls occur. From 

March onwards the rigorous cold begins to dissipate and the 

life and activity comes back to this queen of hills. 

Mius soo..• io is negotiable all through the year 
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by road from Dehradun which is about 22 i.ii les away. Dehradun 

is a terminus of the Northern Railway and is very well connec-

ted with the other parts of the country by rail and roads. 

At Mussoo ie there are abundant lodging facilities. 

Phys iography 

The area assigned to the author is almost 6,000 ft 

in height above the M.S.L. excepting the Southern most 

portion near Kiar'kuli power house which is situated at 3300 ft 

only; Most of tac hills in this area rticularly in the north 

West namely 310 g, cloud and, Blucher, :HH.athipaon, Lochlet er 

and craig top, are above 7,000 ft in heiE;ht but the Sianti 

Tibba lying in the South is only 6000 ft. The highest of all 

is Banog hill (7, 429 ft.). "iathipaon and anog hills repre-

sent anticlinal hills, which is an iadic.ion of the immaturity 

of the terrain. Southward close to the power house a very big 

escarpment facing East is noticed where the land fall is 

striking. 

The valleys in this aroa are narrow and are almost 

always covered with vegetalion. Big blocks of lime stone 

(not insitu) occur all, along the way making access to the 

valleys difeicult. 

Excepting the surmtit of the Blucher and Craig top 

hills and the cistern flanks of Banog iill rest of the area 

is thickly vogc-Gated. The tops of the Blucher, Craig top 

and Banog hills are.davoid of any vegetation. The rolled 



down and dis ,laeod blocks of limo stone gi.vc; a rugged 'ippcar-

ance to the area 

Narrow caverns about 3 ft wide and extending 10 to 

15 ft deep are observed along the now circular road. Everywhere 

in this ro ion ra onitic stalactites are common. The irago-

nite is seen formed along joints as well. At places 1tm.:, stone 

is not bard and compact but crurllos like soft clay on exposure. 

Alon, the stream valleys big boulders consisting of 

sh:~9 s 9 lime stones and basic rock fragment are found. Those 

boulders aroo due to the concretionary of 'ect of lime stone. 

Except for the MMiac'_cinnons khad Bhitarli and 

Kiarkuli rivers which are more or less rercnni~ 19 in this area 

others are mainly seasonal. 

Here the Main drain igc pattern is of r idi -zl type. 

The hi'_1 rsngc extending from Lochlat lur abbey to Craig top 

and further east acts as the water shed. From here Mackinnon's 

khad flows towards north west and Bnit.arU nadi towards south. 

Ki zrkuli nadi starts from the eastern most portion of the area 

and flows down. ft broadens as it goes down the power house 

where i t emerges on a cor.p?rativoly plain region. Below the 

power house the Kirirkuli nadi cuts into the N .;that qu utzites 

which are beautifully exposed on either side. In the Wost 9 

cloud end and Banog hills also acts as the source areas of 

the streams and stroar:lets. 

The Kiar:culi 9 Bhitarli na11is and the Nac:zinnon khad 
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with their tributaries form dendritic p'ttterr: of dr un, tge. 

Most of the streams -and streamlets in this area flow down the 

mountain flanks and meet together to give a general day dr it is 

pattern of drain,a e, 

The Bhit irli n-adi and Dauru kh 11a give a. typical 

example of % sort of annular drainage associated with the radial 

drainage flowing down frol., the Si .nti Tibbs.. 

Though tho drainage forms mainly dendritic pat Bern 

in this area local parallelism in the strops m.nd the stre'n-

lets can be observed in the drainage map wG1ich shows the 

adjustment of streams to local str'ictur al features. 

'Inter falls of inv sig~~ific nce in thy: region are 

Hardy falls and iii trkuli f Lls . 	rdy falls is s itu ited at 

he point whore the Dauru khil i moats 3hitarli n idi. This n ie 

is given to i comuinition of several_ narrow rapids. The 

Kiarkuli f a l is comparatively si..ia Ll and occurs South of 

Ki arkuli village:- 

There are several sprin.;s in the area. On the 

Mackinnons c -~.rt road itself there are two springs one near 

Bans! :arh and the other opposite to Sianti Tlba. The new 

spring road owes it n tme to the John Mackinnons spring. 



C:I. PTER II 

PRE"r. oUS ."JorK 

Krol bolt in general and that of Mussoorie in 

particular has drawn the attention of geologists since the second 

half of the 19th century. 	First person to publish an authori- 

tative account of the rocks comprising the Krol belt was H.3. 

Medlicott (1864). His work was followed by that of R.S. Oldham, 

C.S. Middlemis s 9 Thomas Holland, .H. C. Das Gupta, C.E. Pilgrim, 

D.N. Wadia, W.D. ~~1est, J.B. Auden and several others. 

1,ussoorie area becarie the subject of detailed investi-

gation since the time, the deposits of whilte r: arble were noticed 

by J.B. Auden (1935). His work w s supplemented by that of 

Alladlin (1939) in loc ,ting furtbl--r deposits of marble. Later 

Auden (1942) continued his work and ire a full report on the 

marble formations around Mussoor u. R.S., Mehta and others (19L3) 

of goolo isal survey of India have further worked on these deposits. 

The director .to of Geology and :lining (lit;, it Pradesh) his been 

actively engaged in studying t. workable marble deposits of this 

area ever since its inception and they (1960) published a detailed 

report on their investiations. 

In rec ant years oil and Natura'_ Gas Corii:fission his

done c ).aside:able work on the geology of Mussoorie ,area, but 

most of this undoubtedly interestin{ work remains unpublished 

to this day and is therefore not available for reference. 

However, the only paper available nzmely studies on the Krol 

limestones from i-Lussoor. ie by i.T.R. Raju and S. Y. Bhattacharya 

(1962) is worthy of description. 
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Regional ueolo'y 

H.3. Medlicott (1864) descry.-ed a tract of Himalaya 

between Ravi and Ganges rivers covering about 7000 sq. miles 

in area and extending in length upto 250 miles. His work was 

mainly concerned with tertiary rocks but his observations on 

pretertiary rocks have formed the basis of all the later work 

on Krol belt. He classified the tertiary rocks which ha called 

as sub-Himalayan series into three units, lower, middle and 

upper. The pro-tertiaries are classified by him , into ')n-

motamorphics and metamorphics and wer n ~med to-gther as 

Iimalayan series. The Krol, Infra-Tirol, Bl'aini and Infra-Blain 

were included in unmetamorphics and crystalline and sub-crys-

talline rocks in metsmorphics. The urmetamorphosed rocks of Krol 

hills are considered by him as equivalent to crystalline schhists, 

tremolite schists, and recrystallised quartzites at Siml ., 

P.D. Oldham (1883-1888) was the next person to work 

on the Krol belt. lie contributed several papers, on the geo..to,r 

of the hills between Simla and caakrata. He concerned himself 

mainly with Blairli and Infra-3laini rocks and suggestod a 

glacial origin to the 3laini con lomeratc and renamed it as 

boulder st•.ge. He assigned upoer paleozoic age to these beds. 

0.3. Middleniss (1885) man ed and described large 

areas of Garhwal Himalaya and his pwper on the physical geoT.ogy 

of the West 3ritish Garhwai is most significant, since this 

tract is South-East and in strike continuation wi "4h the Krol 

belt. His accurate mapoing fore shadowed the possibility of 



great rock translations. idllen.iss p4-d much ati:ention to the 

me~amorphic conditions, noticing tr ins itions between rocks of 

widely different metamorphic grades. 

Holland (1908) described a striated boulder from 

Blaini beds and on this evidence s1tp.jorted the glacial origin as 

earlier given by Oldham, but ascribed pur ina age to the B1a.inis. 

Prof. H.C. Das Gupta (l ] l8) of presidency College 

C'-I lcut -I- load several parties to Simla and Solon areas and his 

published several papers on the age and correlation of the rocks 

in this area. 

G.E. Pilgrim and W. D. West (1925) conducted a 

detailed survey of the rocks of Simla hills. Their work was 

almost entirely c nfined to the more metamorphosed rocks. They 

realised that the simplicity of sections at Simla was probably 

deceptive and discorded the correlation of rocks at bimla with 

those of Krol hills. They suggested that a series of thrusts had 

brought rocks' of different degrees of metamorphism to be in 

abnormal juxtaposition. 

J.B. Auden (1934) coat tnued the work of Pilgrim and 

lest and mapped the area between Gambhar river which flows 
Wh%11,. 

from Simla to meet they S!zt 1e j and a 1xrna river de :ino -te the 

boundary between Chikrata Tehs it ad fehri Ga .rhwal state. The 

corelaLion as givc,n by him for Smla and Chakrata hills is as 

shown } ,. table ;o. 1 
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Age 	Jsolanneighbourhood 	J Tons river, neigh- 
1 b ou r h:) od 

Miocene 	Nahans (onl,yt Kalka) 	Nahans 

Lower Miocene  (Kasauli 
(Da hs ai 	 Dag ; hai 

Oligocene to 
E ocene 

Cretaceous 
?and Jurassic 

Sub: thy, (No.mmu1itics) 

Absent 

Subathu (i'lv.mmulitics) 

.,ever in contact 

(Up Ge r Tal 
Tal (Lower Tal 

Krol l; 
?PermiA.n  	Krol D 	_ 	 [ po r 

nro1L.St. 
Carboni- 	Kro . Krol lime- Kr:31 C 	Krol Krol ? ime- 
ferous 	serf- stone 	 so~•ies stone 

L,s 
Krol B 	 Red 
I.ted 	 shills 
sh- 1-s 

Krol A 	 Lower 
Krol L.St. 

Krol sands tone 

Infra-iirol 	 -infra-Krol 

Up-per Car- 
boniferous 	 Blaini 	 Blaini 

Contd --- 



OM 

2 	 — 	3 

Devoni ~n 	 Jau sar with pos;i'cle 	.Tagth't stage) 
? (Sillurian) 	i. andkia1is 	 Ct ndpur 	) Jauinsar 

stage  ) series 
il.andhali 
stage  

Lower Paleozoic 	Simla slates with 	Deobarlimestone 
?and pre c,,mbrian 	Kakahatti limestone 	Simla, slates 

iocene and 
? older  Doleritos 

For the area. Et of 73° ion ;. tudo iricludin: iiussoorie 

and the , neighbourhood, J.B. Auden (1937) his given the fo _'_owing 

;oolog icai success ion. 

Table .?o. 2 

Formation 	Unconformity Approx4nJ.te Probable 
maximum 	age 
taickntss 

1 	 2 	 3 	 4 

Siwali': 

Murroe 

i1um u1 itics 
. 	. 	. 

.'al limes one and 
Calc gr it 

. 

16,000' 

200 

Upper  ocone to 
Pleistocene 

Lower ioceno 

Eocene 

Up or crotace- 9 
ous  

Coatd . 



T=el (Uoo )er Tal 
Ser-(quartzite 
ies (Loper Tal 

(Shales 

--10-- 

2 	j 	3 

4,500'  

2,000' 

I 

Cretaceous) 

Jurassic ) 

(Up')er Krol Lime-
(stone and shales 

Krol( 
Ser-(Krol Rod sh ).=es 	 ) 
a .es 4 	 ) 

(Lower Krollime- 
(stone and shal3 ---- ----- 	-- ) 

(Infra-krol sl,.tes 	 ) 
(Upper Blaini 	 ) 

(d
boulder bed and 	 ) 
olomite 	 ) 

B1a- 	'---'—'---'--'---' 
ini Blaini slates 	 ) 
ser-(Lower Blaini  ) 
ies (Boulder bed 	 ) 

Nagthat 

C hand pur 

Simla slates 

Possibly q ivalent 
to Chandpurs 9 
althou h different 
in lithology 
Dole rites 

3,000' 

1,000' 

2,000' 	lalchir (uralian) ? 

39 000' 

4 9 000' 

Devonian  ? 

Lower paleozoic 
tind pre-cambrian ? 

L. to tertiary ? 

Note:— Conformity, --- unconformity -,,--.---~ 

Krishn&n and Swaminathan have refer_ ed in their p .per (195)) 

an earlier work of V. . . Boileau wherein, Boileii has sug •ested that 

the Blaini boulder bod was eq•livalent to tho Krtimur series rather 
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than to the Talehir boulder bed 	as be' ievod ear.  t ier. W th 

this as the basic idea Boileau sag;osted correlation of other 

Himalayan formations including Krols with the peninsular 

format ions. 

Gansser (1964) while discussing the Krol-Tal succession 

has observed that Krol series is divisibl into five distinct 

membe rs 9 viz. Krol A, B, C 9 D and E. Re„arding the 31aini 

boulder bed ho agrees with the view that it should be cor: el ,ited 

with tho Talc it bed and that its tillitoo aspect is undisputc . 

About the Krol Ta'. relationship he obse~ves that after the 

deposition of calcareous Krol succession a striking change in 

deposition took place and the yo;an,.;er beds consist exclusively 

of detrital, mostly quartzite rocks, there can be little doubt 

about their stratigrap'hica.l contact wit~i the underlying limeston(.s. 

These de rital sediments have bee i called gals, 	Dealing •,with 

Kroi thrust he further observes "None of the Krol thr .st has 

actually formed through large recumbent folds ... , we actual'y 

have to deal with proper thrust sh.ets and not recumbent naps”. 

In In Mussoorie area a marble zone of 40 ft thick is 

present in KrolC stage. It runs from Jharipani upto cloudend 

hill. Auden (1935-36) was first to notice these deposits. He 

(1942) surveyed these deposits further and estimated the total 

reserve to be of the order of 34 9 000,000 tons. He found the 

marbly, to be extremely low in silica, and sesquioxide and found 

magnesia to be variable. A metasometic origin was given by him, 

to these deposits. 
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Recent aathor~.t' 1;iv ; work on the marble deposits is 

that of R.S. Mehta (1959) of the Geelo;ical Survey of India 

and R.P. Tfathur (1960) of the Directorite of Geology and Mining; 

Uttar Pradesh. They traced a continuous band of marble from 

Jaripani to cloudond, and analysed several samples of this high 

grade limestone. 

Various .trot lime stones of Luszoorie Area were 

analysed by A.T.R. Raju and S.T. Rhat ;,icharya (1962) of the Oil 

and Natural 'as Commission. According to their analyses Krol C 

residues are dominated by fluvrides 9 those of Krol D by det:-, ital 

sands and autrii, enic euhedral felspar, whiloo churt and mud stones 

flood in Krol E. Upper part of Krol D howo er reser..bles Krol E 

in its residue. Their Geochemical sti..dy of the degree of dolo-

mitization based on Mgo/cao ratios su.; rests that Krol A limestorio 

and the uoper Krcl sequence has two distrint groups. Krol C is 

dolomitized lime stone while both Krol 0 and E are r. ;nesian 

dolmites. Though basal part of Krol D seq,ience resembles Krel C 

in such ratios no distinction can be made between Krol il and E 

by this method. 

In a wer Krol limestones R.S. i-:it to I and R.S. 'haturved i 

(1963) indicated the prsence of probable algal structures. 

The basic intrusive rock occuring in t:iis area was 

described by Auden (1934). He identified plagioclase (oli;;oclase 

to :ndesine) q quartz, Au; ite 9 Ma,;not ite and apatite in this 

rock and named it as leucophy re. 
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Regiona. StrL:cturo 

Auden (1937) devidoJ the ')arhwal grim~1aya into the 

fol1o:w in tectonic divisions° 

Autochthonous Unit: 	The b`.sc of this unlit is probably the 

Simla slateo series. Idum..rulit ics 	ur ,eos and Siw.:tliks overlie. 

the Simla slates, Thrusts occur in these units but they do not 

seem to be of primary magnitude. The important thrust is the 

main boundary fault. This Autochthonous Unit appo -Lrs to occur 

well within the Himalaya, some twenty rules at least from 

Dehra Dun. 

Thekrol NannQ 	This is thrust upon the Authochthonous unit. 

This corresponds to tho krol belt. 

The Garhwal Nappes: These iro thrust upon the hrool N'ippe. The 

main Garhwal Napo my root in the main Hi.m ,.l iy in range. 

The main Himalyan ra.ntc: It appuarc to be made up partly of 

elements common to one of the Garhw^.l Nappes and partly of a 

distinct group of paragnoisos and schists. 

The Rranitic zone ; 	To the North of mairi Himalaya, granite 

intr' sives occur in paragneisses and schists. 

_The Tethys zone : 	This zone consivts of fossiliforeus 

tertiary sediments. 

In thy„ area Lest of 780 lont;itudo which includes the 

~.ussoorie syncline,tho tectonic succession of Jaunsar, Bl tini, 
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Krol nd T-11 rocks by the smo Author is •Is fo1lowss-- 

TABLE No LABLE o !. 

( Chandpur's (met, arphosed) 
(  Thrust 

+ 	 ( r3 that ) Kittle metamor- 
Crarhwal Nappes 	( Chandpur ) paaosod 

( 
( Boulder beds, shales rnd lime 
( stories of u:~cert'3.in strD.tiia 
( gr7paie ü hor ~zon occur in one 
( outlier bolow notamorphosod 
( ChandpurIs. 

Garhw it thrust 
+ 

( 3umrnulit ics 
( 
( Tal 
( 

Kroi N appo 	 ( Krol 
{ 
{ Blaini 
( 
( 	artriit 	) riotimrirposed ind 
( Oh = idpur ) uu et irphosed 

Krol t„:u~ st 

( D'Zrs'ali 9 Tturi nulit is 

( 	 Siwalik 
Autocht honous 	 ( 	 _~ 

( Sinla slates 

N.B. i orn tior s m=~rkod with astor ipks were not observed 

in tie area investigated in the nui~:hbourhuod of 

:us soorio. 



Betwoon Jamun^ and G)ng~s riv rs the Hain struc-

ture is an anticline in the Siwalik range, a synclino fori:in; 

tho Dun valley, and to the North East an over-,turned anticline 

which is truncated on the North side by the main boundary fault 

and the krol thrust. The base of the Siwalik rocks is presLuned 

to consist of Nu mulitics with attenuated Dagshai rocks 

resting on Simla slates. Originally the torn main boundary fault 

was used by I4odlicott, denoting the thrust wnieh separates 

Siwaliks from older tertiaries.Ea,st of 780 longitude, th.Lt is, 

in Mussoorie area the Dagshai rocks are seldom soon. Here 

the krol thrust has brought pre-tortiarios to directly rest 

upon Siwaliks. In those rocl s numerous thrusts and faults occur 

but they are of less magnitude. 

The krol ,v?-rope is h vin ; a t~zicknoss of the order 

or 20,000 ft. The succession here is a normal one. ,Numerous 

exposures of current bedding in the caic-grit of the Tat line 

stone, and in the Tat and Nagthat quartzitos, show that these; 

particular sta;os are not inverted and therefore t! 	hole 

succession is im .corroct order. The r:Lost convencing evidence 

for the existence of  ape East of 78° longitude is the 

occurrence of two windows disclosing Nurrnulitics and Sig..? a 

slates. The windows occur along the anticlinal axis which 
separates the :1ussooric syncline of 	;that-Bi3,ini-Krol-Tal 

I. 
rocks from. the Garhwal syncline vying to the South and 

enechoion with it. Siml-r slates occur in the centre of the 

winlo,as. ITunIrulitics ovorlie Simla sl'Ltes some times as 

Isolated capeings. More typic 'Ily, tao numaulitic shales 



and limo stones rc found to et!ior borderin;; the wln'iow; 

along with blocks of xhithiy sh :t ;ere:l .quartzite. Unrmotazmorphosod 

facies of Ch'l.ndpurs of Krol 	ppc occur above, the Nur rnui.ities. 

According to Auden the nur^.nulitics wer ,: deposited on the 

penepin ined surf :ice of Simla slates and were over thrust by 

the Chandpur• series of Krol Nape. 

The Krol thrust from Solon to Da.d-hu brings Infr a-

Krols and Bl Aini rocks 'i ainst Subathu 9 D~gsh .i -xnd K .s•auli 

stages. Further Zast, Bl ini, Jaunss.r _znd %iandh-ili roc'.:s 

override Subatnus and eventually come to lie upon Naah !ns. 

The presence of Da sh t.is znd furn::ulitics put the 

thrust you.n;or or equivalent to 3urdi .tiin. In places even 

the u-) per Siwalik Con-,;lomerates are involved in overthrust by 

the pre-Tortiaries. Those noven~nts therefore i,ust be lower 

pl stocene in. ae or later. 

D.N. Wa1ii and W.D. West (1964), admit more ttlan 

one oroeny in Sir.11---; mrhwal ire',. According to then the 

earliest 	pre-coocone as sub'athu sediments are found resting 

unconformably on the strati, of pa l000zoic and Mesozoic ages in 

different areas in this region. A large scale post-Subathu 

movement res'zltc~l in the tr nslltion of rocks Southwards along low 

tnglo thrusts in -. series of Nappus, possibly with attendant 

intrusions of granitos in the ro.t zone. This r,ovo;...ent cannot 

bo precisely d ,.terl, but it is likely to h:.vo taken place at 

the bugining of lower Siw'ilik (Niddla Miocene) tir..es, when •. 

significant chan,,e in the n'.ture of eposition in the tertiary 
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bolt  took place, the .main source aro 	being the lower 

Himv.lay'l. Tho foiling of th© thrust sheets probably took 

place A the end of 1Iidd1e Siwalik (Uppor Iiiocono) times giving 

rise to a change in deposition from arkoses to Conglomerates 

containing Krol bolt pebbles in foot hill trough. The later 

was affected by the fin...l orogenic activity 3.t the end of 

upper Siwalik (Lower pleistocene) times, and folded and 

faulted into the structures soon at the present title. The 

Nappe belt also moved further Southwards at this time, coming 

to rest directly against Siwalik so limonts at plicos. Subsequent 

movement has been largely of vertical nature due presumably to 

isostatic and eustatic adjustments. 
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PREL&3T WORK 

Geology of the Area 

The area investigated by t -le present author is a very 

small portion of the main Krol belt and forms the South Western 

portion of t e major Mussoorie syncline consisting of Jaunsar, 

Blaini, Krol and Tal rocks. In the area n ed by the author, 

the rocks of Krol series and the Infra-Krol slates belonging to 

the Blaini series are present. 

The eological sequence of the rocks in the area is as 

follows :°, 

Litholo ical unit 	-~ 

Mela monzonite trans- 
gressive sills  v• 

+ Massive limestone 
and shales 	 — 

Marble, Bluish black 	) 
limestone and calcareous) -~ 
shales  ) 

Purple shalos 	 .- 

Lower limestone and 
shales 	 -- 

3ame after Auden 

Dolerite dykes ) 
KROL 
Series 

Krol D and E 

Krol C  j 

Krol B  ) 

Krol A  ) 

Slates and shales  a- Infra-Krol  ) 
Series 
Series 

(+ Since Krol D and E 9re 	t easily distinguishable 

as two separate lithic unite in the field the author has been 

consequently obliged to consider them together as Krol. D). 

In the South East of this area Infra-Krol rocks are 

traced below the Kiarkuli power house, in its neighbourhood, 



and, between 3ulat end Pandai v=U_U_s in th :?orth-West. 

These.rocks overlie the Blaini boulder bed. Those are dark 

slaty shales intorbeddcd with. very thin bands of quartzite. 

Numerous veins of quartz and calcite irregularly traverse these 

formations. The foliation pianos of tCese rocks being weak 

planes the veins generally follow them. The Infra-Krols are 

very incompetent and are found intricately folded and fractured. 

South of cloud-end between Bulat and Pandai Villages, thoy are 

folded through out. 

The Infra-~(rol rocks in the area are overlain by the 

rocks of Krol A stag: both in the South-East and the Uorth-`lost. 

These rocks are characterized b;r thki b2.nds of liiaostone and 

slaty shale. The bands of .limestone var; in thicmuss from 

1 to 4 inches. The shzle bands arc subordinate and are traversed 

by the veins of calcite along the joints. Those limestones are 

considerably hard to bre-:ik. .ho thickness of t'lis stage is 6001 

at power house and about 700' at cloud end. 

The Krol A limestone is overlain by i(rol B purple 

shales. The Krol B formation is not a regular one varying 

largely in width and extent from one place to another. It may 

appear very broad and dist in uishable at one place but may 

gradually pinch out to ultimately disappear comp etely. The 

Krol B formation consists of green and purple sb. les of 

variegated nature. These shales are much jointed and sheared 

makin- it difficult to get a hand specimen. :dear kiarkuli 

power house the Xrol B shales are clearly visible on the 
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scarp face. 	Both in to South-3,tst -id the :',forth-'.°Jest of 

this area thu KrolB formation is considerably thick (400{ ). 

The KPol 3 purpl, shales are ovorlain by thu calcareous 

shales belonging to the basal rortion of Krol C stage 9 w'ich. in 

turn is overlain by the bluish bl -tick crystalline limestone. The 

calcareous shales underlying the crystalline limestone occur 

both at iiarkuli and south of cloud end. Thoso shales are 

40 to 50 ft thick earthy brown in c )lour 'end are traversed by 

calcite; veins along thou joints. The bluish block limestone 

overlying those shales gives sulr~harous smell on breaking. 

M:iay fine irreg,zlar ci-_citc veins tr ivurs : tiffs m-tssivc lime-

stono.C:ticito is also soon dovolcped hoar; tno cavities. 

The uer layers of this limestone are purely wait: 

and crystalline for about 15 ft ani arc referred to ,s marble 

but the total high grade limostonu is over 40 ft thick. From 

the Krol C stage quarrying is done for t hroo v iriot ies of lime 

stones 9 the top most pure white marble g the mid 1e grey limestone 

and the Lower black limestone. The limestone in this area is 

quarried it Ki:zrkuli 9 Riattarli 9 Hathipion and cio'zd end by 

private companies. At ':shit arli the marble; is particularly good 

being light grey to white in colour where as it is bluish €grey 

is,3whero. Too many closely spaced joints, sometimes cv.a 1/2" 
render it useless for building purposes' 

to 2 inches apartZhough not in the manufacture of calcium 

carbide, in sugar factories or in the manufactur:: of b2; Bchi g 

powder and glass, The Krol C stage is thick both at Kiarkuli 

and cloud end but its extra ordin try thickness at Bhit irli has 
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probably boon caused by folding. The usual thickness of Krol C 

stage is '700 to 800 ft. 

The Krol C stage, t hrour h out the area is overlain by 

100 ft. thick black sooty limestone and shales belonging to 

i;rol D stage. Those limestonos are Dolomites in nature, which 

confirms their inclusion in Krol D stave. They consist of 

carbon and ar ;illaccous material which is some times as hi ,h 

as 30~. The rr;st of the Krol D for4:.ationLmasZ,ive lime stone wt h 

10 to 15 ft tLick ;reen and rod bands of szal_e. These thin 

shale; binds can:,.ot however be tr-ic d latcrill.y for loner dirt' ics, 

as they usually grade into lime tø nos. The Kro'. D lime stone 

nor the library khala consists of snail amount of of quartz 

aid felspar ;reins and along the reins in it Calcite and satin 

sp r- .-vazriuty of gypsum are developed. Structures comp=arable 

to strarn xtolitos caused probably by algal agencies ,ire observed 

in the Krol D limo stone near Lions Paw o the now circular 

ro id. In higher reaches 9 that is g near Chandal G.~rhi the Tirol D 

lime stone is pale and highly jointed. 

Th-- Krol D limo stone in the area is traversed by 

sever a1 transgressive siLl.s. These are in concordance with the 

countrj rock but at places are soon cutting across the shale 

b?nds into the Lime stone. 	As regards the mutual ref'a;,ions:.ip 

of those sills, the a ithor does not however possess enough 

evidences to prove whether these separate b sic bodies belong 

to one major intrusive sili or they indicate different un- 

conaectod r'?mific ztions. 	In this ire i the trend of the sill 



is in the "north- west South-East direction, Th;rc are; Lwo 

pars !.lel series of sills in this trea.. One goes from library 

Khali ucto the bifurcation of :_~ckmnon road from the main motor 

ro d and further continue outside the area upto Dhobi ghit. The 

other series of sills occur it Krishna mandir 9 Bansi ;arh, 

Snowdon wishing well and cloud end. Their thickness at these 

places ranges from below 10C ft 	(at cloud end and Jtsciing 

:Jail) to Well above 500r (Snowdon) . 	it Snowdon a d iscont inu:.d 

patch of the sill occurs in the North South direction. 

The sill in the area is usually much sheared ospo-

cially at 3insi1 .rh Snowdon and Wishi , ; well. Irregular 

fractures traverse these roc'.zs it various directions. At 

Wishing 'd11 the rock is so w,athurod that it has taken a 

loosely friable and almost po.ad.ry ispect. In contrast to 

Chose intrusive bodies the sil ,at the bifurcation of i~ackin on 
rood running upto library .chala is frc$h and perfect joints 

running . p :rellel to the regional strike Are observed in 

This intrusive sill is fine to medium ;;rained and 

melanocratic. On the b is ~.s of the pctro ;raphic studies ttis 

sill is named as meta monzonite. In tan limo stones the contact 

effect due to this intrusion is very moa. rj ? though at places 

lime stone is observed very greatly baked. At Bansig arh the 

cunt pct of - act is seen upto about a fait only but t plc m d 

asbestos are soon developed at the ju..ct ion of the intrusive 

sill and the limestone. This me'i,;ro cont .et effect may be 



duo to the snaa1.low i.ntrusio.-: with less over burden :which 

caused rot loss of he t. Along the joints in the sill thin 

coat in ;s of serpentine are observed wic a may be due to later 

hydrothermal solutions. 

Opposite vincent hill Schools on the new circular 

road a small isolittod occurcnco of vary different saalo 

fo:-mation hardly 20 to 25 ft thick and )xt;;nding for roughly 

half a forlon is very interesting. 1hoso shales lie uncinforr- 

ably over the Krol D lime st one and ,,rc hi. hly jointed. They 

do not resomble the normal Krol D shvi.los but a re 	welL in 

roper rico with the Tel srlalcs oxposod in tnv nei;rhbouring -area, 

This abnormal occurrence of these sh il.;s at this place loads 

one to speculate some important structural disturbance. 
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Structure of the area 

The area under investig .lion fortis a part of the South 

Western limb of the M ai,1 Mussoorie sy..ic7-ine. This limb is 

itself 	seen folded into several minor anticlines and synclines, 

their axes being more or less p.rallel to the axis of major 

syncline. The athivaon and Banog hills in the North-West 9 

which are anticlinal hills are thez,.selves obvious manifestations 

of these foldings or bucklings of the synclinal limb in this 

area. In the field,it is, hot,ever 9 very difficult to determine 

the exact nature of the plunge and other characteristics of the 

folds due to difficult terrain an thick vegetation. 

The regional dip of this area, that is the dip of the 

major synclinal limb is in the :.;orth 'ast direction. The dip 

direction varies from _C-I.E to N1 and the dip amount varies from 

35° to 55°. 	Near Kiarkuli power house t:^ fog-matioas are seen 

dipping 450 to 500 due dort-East. Further West at 3hitarl i tine 

beds dip very ste ,ply, their dip being 70° due :port-East. At 

Bhitarli the Krol C stage exhibits u. husu illy great thickness 

which may have been caused by folding. 

South of cloud end the formations dip due forth-East 

h e.~.I lgle of 400. f io I ifra-Krols at this pl-Ice occur at 

-hly higher level than elsewhere and are observed 

a incompetent. Fractures run par-dlel to the 

''lds. Below the cloud end hill the 

fra-ol rocks are observed. 

--bout a mile  South of 
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Bulat, tae author his fuuad the repeti i;ori of icrol A3  Cro_ 3 

and Krol C rocks dinci_: ; 400  due :.: . is shows that this 

area consists of a major isoclinal ant icline and this is appa-

rently the main reason for the unusual width and elevation of 

the Infra-Krol's. Thus the beds South of cloud end are forming 

the Norther limb of the Bulat alit icline and the Southern limb 

of the cloud end syncline, whose Northerhextension is the 

Banog anticline. 

In the area, Hathipaon and Bano,T hills are anticlinal 

hills as already stated above. The Nathipaon hi'_1 is consist ,.ng 

of :(rol C stage. Its plunge is towards vast. The 3arnog hill 

is an anticline as North of it, beds dipping due North-East 

are clearly visible from F athipaon tollbar and the Southern 

flanks of which are seen folded •.aga Ln 	This hill can thus 

be called a minor anticlinorium. 

In Kro.l D stage the beds are o,.served either dip)ing 

due North-East or South-West. The dip an7o,.znt of these beds 

vary from 20° to 60° though normally the general dip ranges 

betwesn 35° to 55°. 	The ?;o:-th-Easterly and South-Westerly 

dips clearly sug:-est the minor folds Li this stage. 

The main joints in the area run parallel to the 

strike of the bedding planes. (heir dip varies from 20° to 90°. 

Vertical joints are also observe. striking :forth-East South-

West. The marble formations show closely spaced rhonbohedral 

joints some of these are as close as 1/2" to 2" apart. 



In Krol D sta . the intercalated shales Are observed 

assuming non-uniform types of folding. Locause of the presence 

of shale bands the limestones lying above and bolow are folded 

indepondant of each other and the shales adjust themselves 

accordingly (Fig 3.3 a and b)1 
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Figure 3.4 : Point dig r"J of the 50 bed Ting 1l-:.ne 
daps i., Kro . D 1incst _ne ind sles. 
The di :gr .L. indic .tes the .;orth 
e ,.str ly .nd South 'destorly dips of 
th.: beds in this ^r.:.. 



POINT DIAGRAM 



c i.P: ~R I`r 

The :rea under invest -. ;a t n consists i_Ziinly of 

limestones and s:i -les. In th:; Upper :;rels el a.~o-.zznite 

intrusives are cep ..:ori in the for.., of tr ,ns ;ressive sills 

.she oldest rucks oc Turin ; in t iris area are dark 

sl ity shales which be. on.; to 1nfr:t itrols. .hey 	ire carbona- 

ceous in niture 	Lnd it p1 ces consis , of quartzite bands. 

They are very fine ;r -thTed ).a1 even under ::icroscope it is 

difficult to ';at :r°.ine their ::• _neral c )nstitua.,ts. 

The r ñ 	st i ;e w ~!.ch over 1i ;s t:e Infra-Lrols 

is cor:)osed of interbedded earthy brown sh.lcs and ? i. _eest )ne. 

Shales have calcite veins t,'iversin; thq • '.'n,)er the micros-

cope the thin sections (slide :~To. S/7) show fine ;r~ ned 

anhedral calcite crystals in tae lii,_ost one . The shale b ands 

are very fine ;runed and it is ver alt to distin.;uish 

various r.:iner.;.ls. However, quartz and feldsy) a.r are observed 

to lie in good aaunt along; with clay. 	he calcite veins 

in the shales consist of anhodral and bi ; ,er ;ra -ns of 

c -ticite. Fro..: these veins s_a? ler off sh is aru seen 

traversing the shales. It is Vu 'y diffici1lt to infer the 

coLpJsition of Krol ;: limo stone froi.: I.icroseopic oxa.in 1ti-,1i 

only, but che,lical analyses as listed in Table " confirm 



t: air inclusi)n in d )lo.:itise' ? ir:cstD nes-. 

The crol 3 sh3.i.es occ . rrin; •ab)ve t:ie 	ol .: 

lire st ne consist of ;ro n and ur,)le shales. i n hind 

specir,en these shales are very friable and jointed. The 

thin section (Si :do. S/30) study of green shales snow tn~- 

they are co.:.posed of quartz, chlorite, c °.lcite and ser' cite. 

Under the :.icroscope those shales slow several is:icro joL:ts 

filled with calcite veins. 

he ~r)l C st 	4:Zich overlies t :; ;:rel 3 st i.e 

consists of c '.lcareous sh les 9 bl .ck li: o st no and ::..arble. 

The calcareous  shal;ss i.i the send saec i.-.en ire earthy in 

colour with several calcite veins. The _ir; C 1i:.: et ne is 

bluish ':black in c:) bur in those l.i..~ t nss c^lc ite is seen 

as veins 2nd in cavities. 'ho thin sections (Si. :'o. S/S) 

under the rlicrosccpe rove .1 :c ;r.: s izu a a=ahe lr '. ;rains of 

calcit,. Calcite shows twi.nrrin; and hi-;h order -0ol.tri_: -rtion 

colours: Its interference ft;ure is uniaxii.l no;itive with 

ny rin;s. 	WitiLa the r:ediu:.-. s1zed aahuJral _;rains there 

are few coarser ;rains s ilcwin ; perfect twL-r i3n ; parallel  to 
the shorter did: .nal of t..e rho: b. These r:. iy be the gains 

of dolo_.ite. Thou,h froL_ the thin socticns . it is vary 

d.if °icult to judo the nature of tie lii-c st .,ne, it c in be 

inferred fr.. the table Jo. 4 that this lire stone is a 



	

l :i' ze LLe -St e. 	he u 	'o zii or 	C ci s 
WL 

ite 	1e 	Sec 	)1S of te 	. lo (3:L. 0..  

show finely C?t3Ll1tE, a her2l gre. JS Of calcito. 

'-hc, Icrol D  st e hich overIis the I:ol C  s 

co:isists of sevc:.l 	cie  of l esOnez 	sh1es. The 

linestone ne 	e U.b::y is ciarh finc :ai:Le mi is 'awe's1 

by coarse graie. cscite vo is. Quartz Js : eet n vain 

anount along w. th calcite i: these ve ns • TJ.r1e 	he nic: )ocDe 

(Si. 27/1)  it is obse.ved tha'; the 	c.te i: the veiis is 

uch coarser. 	A1on, 	th cJci e ne: z is elso seen o 

de7e1o: in the V:inS. 	At f 	c -.s h eur:z rains are 

seen ccncentrted as 'octs. The g ounci :' ss of :ieinly 

calcite cos1ss of s c 	 7, s 	 0  .usciv:Le, lp ocl'se 

'uartz a'cl ii oxiies 

	

3p00 ias S/131  3/La, S/LTh Is 	 o'ahie sr;i;o -  

litic structu:'es hoth 	sj ec::en as we1 as un1or ;i1e 

:.acrosco'-'e. 	..... h 	s'eoi.en 	ese sa 	cs shoi fh-ie a'cuate 

and lobate,  ban s .1a 	n 	s than a f:'scio of a n' finetor 

to u., 	he t.i cets of hiese s 	es shor fih: 1S 

ar 'j'.1ic ans 'o: eir' 	. co'S P, rine 	1o:ite. 	Chose 
by R.S. iiitti1 nd R.S.Cturvedi(i963) 

	

S ae ecgizy as celular struc •''os, 	 lie arare.ite 

given a rie;a"i-fe oiaxiai 	'Ale cs.cie sho'is a uniaxal 
neative fiu.re with 	c' e icl analysis 



(Table _TTo. 4) it is info 'r.;d tat the lir.~•:stone;s in Xr,)1 D 

arc mIx-,nesian .bolo:.:it ;s and Doloitized li~.lest-nes. 

The s,1 ales in L(r J i D are i__uch le idled. They 

are very f'.ne..;r-.ined, so the :: icroscopic studios are v ry 

difficult. The thin section (S/32) of t..e shale fro:. the 

new circular road shows bi'; '„r .,-r .ins of quartz and feldsp .r 

e;-,beded in tho fine rainerl shale. 

The T:70/Cho r itios of the cif-'er nt liost ones 

cslculito'. bar SDT .: titr iti )n with luroxirlo and orichroo:..o bl tck t 

as indictors are as riven in Table Th. 4. 

T.3L: NTo. 4 

Speci–en 
nur-ber 	Place 	~o/Cho CaCO3 	M03 

	
:per..: irks 

1 	2 	3 	4 	5 	6 

S/15 Krol D 
(Chand~l 	-:arai) 0.808 51.9Q 49.25 1._:;ncsian Dolo:_.itu 

5/14 Krol D 
( `ewcirclll^r 0.679 53. 4.)5% 43.25% Dolor:itized 

ro id) hi:stone 

S/13 iLrol D 
( yew circular 0.726 42.55% 37.5/o i i a';ne sj an Dolo,.:it„ 

road) 

S/11 :c ro l D 
(Savoy hotel) 0.73 48.25`.0 41..4,E :. i;;nesi 7.n Dolo:.ito 

S/17 :Cro l D 
(Blucher "Ii?.?_) 0.79 46.6;0 43.29'o a ;nesian Dolo..:ito 



S/20 	Krol D 
(TI-.thip^on Toll) 0.687 	34.6i, 	28"' 	Dolox:.itized line 

stone with a.r;illa-
ceous :i'torial 
and carbon 

0.0737 92.2 	7.6 Marble 

0.1135 83.9; 	11.1% 	Dolo_.itizod li'.e 
st.ne 

0.1195 18.6% 	1.73 	Shily lirrestine 
Dolor,itized. 

S/8b M^rble (Xrol C) 
(Tinthipa.on) 

S/b Krol C line stone 
(cloud end) 

S/7 	.rol 1 

B:-sic intrusive 

The basic intrusive rock in the area is Lelanocritic 

and fine ;rained to nediuri ;rained. .don; t.ia cracks in th. rock 

epidoto is developed. The joints in tip; rock show a thin coating 

of serpentine which may be due to later hydrotaern .1 activity. 

Under the ..icr .sc--pe these rocks are fine: to ae iiu,:. 

;rained, oqui ,ranul)r and show hypilio, orphic texture. The 	in 

c anstituonts of this rock are i)otazsh and pl3. ;iocitse flsp- Lrs 9 

M 1 -netitc :nd ap~.tit . The potash felspar is nuc:z a'terd 

into sericito. In the s1.iao S/lb pert'-)itic and. ;rphic inter ,Dovth 

observed. 

The Pl'a., c1- se f„? sp it is very fresh. It shows 

little or no twinnin7. Few ;r ins which show albite law twi:,.:lin 



(/3b) ;ive an extinct in -in,,ie of 16° on these twins. 

This indicates tt the ply::'iocl so is of 	b69 n31 

( :,ndesin.e) in cor:position. In p11,:;ieclise feispirs it is 

noticed that these are saussoritised very riuch at the centre 

where is the the border they are fresh, this nay be due to 

the difference in compositicsl of the flesp ~.rs fro:.: mar rin to 

the centre and such a difference is brou,hzt ab-jut by zoning. 

Pyr~xene occurin ; in the ruck is _.0 ;ito. 3 .sal 

sections of ::.0 .;ite show two sets of c1oo ..va;u at 870 end 

93°. It shows a sort brown colour in ordin :ry li ;ht. The 

n'xinur: extinction an le with respect to clew ;e is .3°. 

It slows second orier blue, re I md ;reon pol `.ris ition colours. 

Mostly au.;ite is a.lteru : into cnit-ritu, the perent i e of 

c'llorito in the reek boin; :.:ore than tu,itc. 	:1ter~.tijn of 

au ;ite into Uralitc i s -.lso 

i.a ;netite is the ;_:aiz op ique ::finer .l occurring 

in the rock and it is tit z aiforeous is ietorn net in polished 

section. 	It is oxidized to ,;Ou;tilita it pl -~c-s. :1e1..:tite end 

pyrit . are also observed in vary little a: )unt in this rock. 

The next abu.ii mt ac ;..s: or/ ...finer ml in the 

reek is ip itite occurrin as ne, files and perfect hexa . ns. 

In the rock biotito 9 an c1.lcite also occur in 



lit',lo a..ount. Bitit occurs zl.-n; with the chlorite, where is 

calcite :..iht h .ve bean relaasu°'. frog.. the pl -. ioclase and the 

pyroxenos (Si. No.  

The .od ,l analysis as deter,,iae 1 by swift point 

ccu ter for specirien Nos S/lb and S/3b is is :rivon below 

TIDLE No. 5 

Mineral 	 S/lb 	 S/3b 

Frash felspar 
(ply";iocl. se) 25% 19% 

altered felsp r 
(potash felsp r) '11% 42% 

£~►u rite '01hitbcfalorite 
and uralite 23/ 25i~ 

1Yla:netite 8,0 9/ 

sip at it e 3% 5% 

.uden (193') described the basic r -cks in this area 

as ' le rites. He identified pl z ioco1ase felspar, ,►u. ite 9 

.,p'itite an ra netite in these rocks. He c lllea the alterci 

feispatr as saussuri.tizea o1 ;i ccl so and the felspar quartz 

inter rc th as t. aphit intor;rewth between quartz -,nd p1 :i-

lasa. Because of the ti.:o lir:it ition however the _author could 

not fin1 out the che12ic3l composition of the rock ) but he feels 

that the altered felspar is potash felspar because of its typic ;l 
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Itcriti:n and ;rzic u i pt:iitic inter; owths.On the b .sis 

of tie percent~.;cs c -:lcu1atel the rock ca.i be ca? le? as a 

no 'z-nite but as the colour inlox of the rock is :'ore that a 

nor gal nonzonite, this is na1.-el here as Mel .:.3nzonite. 

Contact efoct of the intrusive on the Country rock 

The contact efect of t n intrusive is very : e l e. 

In lii: e stone tro:_iolite and talc ire soon fer:..od at t:: cont .tct. 

The shales from cloud on? fror.. the contzct of the intrusive 

show the charact..r of spott 	sl -;tes • In the thin section 

(Si No. 5/29) rocryst a ' lizati Dn of qu ,.rt z and felspar are; soon 

is spots in the otherwise fine ;r.:un:l L ss. 



OH.,PT :R 7 

VOTE L) J 1 SCI a[:iCI TY Oi~ i:1..i 

In th- Indi.,.n sub-coat tnont the Him- l.tyan bolt 

experienced more th-an forty r_m.ljor o.~rthqu kcs in the p st 

hundred years. 	Thu minor loc -il shocks :re ^ rc ;ul_,r fo xture 

in Himalayas. These earthqu ,.kc often resulted in heavy loss 

of persons ind property .end therefore not relishablu h ippcnin ;s. 

Mussooric - Rry j pur area where tic: author and his 

coi1oa ues worked h- s been a scene, of several major oarthqu ~kcs 

since the b . ;innin,, o ' the 19th century mnd :i ;re t many 

of thorn must have occurred cv~n b-fora, taiu;a th_ir historic "l 

record is not available. In tzb1L No.6 x nunbu:r of ,; .rta-

quakes which occurred in this .-tnd the nci.,..buurin.; areas are 

arranged. 

the earthquakes which. _fr'octed this ar 	sev-rely 

are too many to enumratc but out of thur: u,rnw l-Ku on e rth-

auakc of 1803 which took 200 to 300 lives .nd caused r,: it 

dart ie t) pr')perty deserves particular r.Jfurcnce, In 1,309 
this rion was 	-iin rocked by another earthquake which 

blocked Vishnoo :an. a river. On 5th March 1842 another 

earthquake occurred whie.1 had its epicentre at Mussoorif. 

'end its influence was felt upto Sthla. This was followed 

by still nothcr which occurred on 11th :.?aril 1843 and shook 

the entire area from Mussoorie to Delhi end Me,;rut. 



The K^.n ;r- o :rthqu .ko tut t)ccur, I on tn.: -,.th ,:pril 

1905 tnd which took 	toLl .)f ib.)ut 2,OCO lives %n1 l,.str)yc1 

Dharrr.sh la 	Kanr i towllshilps h't1 P. scDnciry cpicontr-.1 

tract with n intensity 8(Rossifoxrc;l) Li Dchr-dun and I.ussoDrio. 

The two or three shocks conn.;ctud with this eII.rthqu^.ke 1,,stu.1 

for 25 sacs. to 2 :,inutcs. The if 'oat of thc;so socks at 

Dehra Dun wore, followin,. 

1. Monnin_; and r -.ttlin ; so:.tnJs 

2. People w,, lkin'; or st ,n.Iin; l)st their b.1 nc; 

3. Buildin.,s showocl various l w. - ;o inclu :in ; 
fissuros an-I c~ ticks. 

4. Loss of life (nit vur,r si;nificant). 

Mil'.1oniss (1916) has _:o .tiono that Dohri Dun riso 

5.28" relative to I4ussuo~ie as -. r(;silt of this -rj-.t o rth-

qu ke . 

,in e :rthqu-ko with in intensity 5.5 (Rtes aiFo' el) 

occurro i in the Musso,.jrie-Dcnra Dun ro ion on :;he 20th 

Oc t,b ;r 1937. The e_>icentru of this uarthqu ke wz.s situat;; 

at 31N -in'l 78E. This was very stri)n ;ly felt at Dehr : ban 

an:i ;crib i -an,; w is c rnsi Zerably intense it Mus :o .rie and 
R ,orko , 

The 3irltl~y a r_~ ;unt gins repr :sent a cc:..p`1rativoly 

recent oro ,c,nusis n.A thu area has LZOt yet reachc -, its 

stability. The Hiu lay'-an belt is thloref 7rc very susceptible 



_37_. 
to the occurroncu of e irthquikws ini other crust-.1 •l.isturb _aces. 

Sovertl thrusts namoly the Kral ttzrust an! thu -i.in b-)u.inl.ry 

fault have bo.,n recD5nizol in the lessor Hirt ~l rya. Ina thc; 

older protorti :ry rocks have been as a consequence thrusted 

over the more recent Siwaliks. : lon j those thrustol blocks 

a release of tectonic strain from tiro to time is t bo naturally 

expecto 1. 	Moreover the Tn',.j:_;nnotic plain forms the fire 

deep to the South of ;iimil -'yas. The . ravallis, Dolhis and the 

peninsular shield continue un1ern„ath the Ingo.;nn> .ic alluvium 

with their strike perpen, ocular to t io Himalayan ran ;. These 

cDnin4 in contact with Himalayas serve further is continuin; 

source of rolo tso of onor;y ")nd cause minor sh~cks. Frequent 

minor tremors in the thrustel re„ion f Rnjpur prove that 

the Kral thrust is still active. 

The invosti y ti_.ns c :prie : .>ut by tno author 

and his eolle ucs in the iuss. .rio area ruvo al that in the 

North and East of Lan I}ur minor shocks are not unco:._,on 

whereas to the South an West of it )nly major oarthquakos 

have bon exporiunce 1. The ro . l rth and :gist if Muss )_ ri... 

is situate l )n TO Krol c -nt act with shales formin;; the 

lower most horiz )r, of Tzls. If this Tal Krol c)n:act is 

pr~vo .', to be a thrusts;•' cant xct, t: o frequency of minor seismic 

stocks in tho ro;ien can bo explaine l by the movement of 

ovorlyin -, Tal r •cks. Espoc ally the frequent tremors in the 

rainy seas =n can be expl lined by the mover ont of overlying; 



al r.:cks alp L,, the lubric -.te sha:lus. 

In view of tn~e ab)ve ,escripta ~n ryn.l analysis of 

the available data this is to be inferred thit Muss 000rie ..nl 

its nei ;hbourh o. lies within the seismic z')ne as the activity 

along the Krol thrust, Krol-Ta1 c )nt ~.ct an'. the groat Boundary 

Fault will norually continue to be '.issipate'. Minor. tremors 

hive been frequently reco.rle : in this area but mony major 

earthquakes of hi ;her ma nitule are not likoly t occur as 

the only earthquake of m ximur.a intensity r-c. r"1ed in this 

area is of the or _or of 8 (R siF~ rcl) . H~wevur even in the 

absence of many important earthquakes pos 	ility of hi ;hur 

intensity quakes cannot b.: totally r-%le' 'ut an , th,: c nstru--

ctiens are fr )u.,ht with ;rave risks an' tho:ef tru . ,equ-.t; 

precautions sh)ul'I be taken bef pro ho vy structures ire lai_:. 
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Photo 13. 	:,1_ -.a1a :.o: zo i"I i S.1oW1n„ D~u ;7 v- 
,..i ocl-.se eat i.sh f o 1s r 'rid 

.t7 sit (S/1b). 

Photo 1'.. 	Ccitr, i.. a ,,-..e1a. o :7:"tc 
r'_u .s-.d ro) .biv Afro: ,:yroxene 
.n3 '1 ioc. so. in 
is soa oundcd by c.~lo: :.t;; (/3), 
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