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P gy
AL s ad
. wimitiatmnt

Tae ~rer herein deser.bed is 1 9ot of lussoorie
R~jpur rezion 1llotted to tae dutacr wnd als collenguus for
ggologicnl wd structur11 nning 2id for colleetion of
szisnic 4t  This project wrs jointly sponsorcd by the
Denrtnent of Geology wnd Geophysics, University of Roorkec

md the Scnodl of Rescarch and Training ia Earthquake

K

Inzincering C.5.I.R.  Tals entire rogion was split up into

e}

our sectisas wd the ~wut.or and his three other colletu:s

worked out one portion erelr in detail,

The ar.~ Souta nd West of . ussoorie wis .97l
by the ~utior i. June wmd October 1365. In the ficld
various litholocwleal wnits were tr .ccd and thelr cont wots

narked ntinly oy enploving paee mnd co »iss method,

caions were visite: wd the

structural ~nd litaolozieal ditw‘calﬁectel ia the field.
The wn-roich w~s not “lways eisy 1. is to be expceeted in
the nounthincous country wmd vis:it to sever-l plrces hd

to be bondoned on account of thick forests of vezebtbion.

Fror Snowdon upto the vower house mipping was
dome on the S"-1 2ile quide np of Hussooriz. The Jestern

porticn, th't is cloud end, H:thipiloa 3.nog scetion is iripped



on 1 8,5"-1 iile mip enlared froi. the toposhzet 53 J/3
of Survey of Indi~. Fin2lly in tac li.or:tory tie 6.5"
nhp whs eal?ried to 8" aad the litiaolojical ad structural

dit~ were filled,

The various uaits mzavked 1 the field are Infr.-
{rolsy, Krol 4, Xrol B, Xrol Cy, Tl D d the intrusive

bodies.

In the 1orato 'y nicroscopic studies of varions
roclt Ivpesyercc .rried out and the lisestonss were che. icilly
wmrlys 4. The microsconic studies s .yort the desisiation
of the intrussive bodies as melw nmoazsaites. The results of

the Cherie 1 41nlyses -re listed in Table Ho. 4.

Dotes 234 1~rchy 1966 (Seils g DP s L)
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CH4PTER I
IITRCDUCTION

The area under investigatvion by the present author
forms a part of the South Western Mussoorie, and is situated in
the toposheet 53 J/3 of Survey of India. It lies between 30°26'
and 30°28° SO” lattitudes, and, 78° . and 78°4' 30" longitudes,
and covers roughly an area of about'6.5 square miles. Mapping
and field work has been.restricted to the cloud end and Banog
hills in the North "est and the electric power house in the

South East,.

Mussoorie is situated at a2 height of 64,00 ft
above the mean sea level and is 1 comfortable sumrer resort for
the people from plains. The temperaturc of lussoorie ranges
between 23°F in the winter to 78°F in summer. The annual rain-
fall of the area varies from 90 to 120 inches. In the wiater’g

snow fill is quite frequent.

N0st 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 onwards the sky is 41lmost
2lways ovebeast. After the end of monsoons gradu2lly the
temperaturs goes considerably down, so much so that in
December and Jawuary very frequent snow falls oceur. From
March onwards the rigorous cold begins to dissipate and the

life and activity comes back to this quecn of hills.

Mussoo.'ie is negotiable all through the year
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by road from Dehradun waich is about 22 miles away. Dehradun
is a terminus of the Northern Rallway and 1s very well conaec-
ted with the other parts of the country by rail and roads.

At Mussoo:ie there are abundant lodging facilities.

Physiography

The area assigned to the author is almost 6,000 ft
in height above the M.S.L. @&xcepting tae Southern most
portion near Kiarkuli power house wiaich is situated at 3300 ft
onlys Most of tne hills in this arca prrticularly ia the llorth
‘West namely 3anog, cloud cnd, Blucher, Hatnipaon, Lochlet .er
and craig top, arc abeve 7,000 ft in helgnt but the Sianti
Tibba lying in the South is only 6000 ft. The highest of all
is Banog nill (7, 422 ft.). ‘athipaon and sanog hills repre-
sent anticlinnl hills, whicn is an indicn’ilon of the immaturity
of the terrain, Southward close to the nower house a very big
escarpnent facing East is noticed where the land fall is

striking.

The valleys in this arcea are narrow and are almost
2lways covercd with vegetalion. Big blocks of lime stone
(not insitu) occur all along the way moking access to the

valleys difficult.

Excepting the summit of the Blucher and Craig top
hills and the eistern flanks of 3Banog nill rest of the arca
is thickly vegecated. The tops of the Blucher, Craig top

and Banog hills aredevoid of any vegetation. The rolled
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down 2nd dis-~laced blocks of lime stone give a rugged appear=

ance to the area,

flarrow cawverns avout 3 £t wide and extending 10 to
16 ft desp are observed along the new circular road. Everywhere
in tais rezion gragonitic stalactites are common. The Arago-
nite is seen formed along joints ns well. At places linme stono‘

is not nard and compact but crumnlscs like soft clay on cxposurc.

Along the stream valleys big boulders coasisting of
! . .
shnps, lime stones and basic rock fragment are found. These

boulders 2rz duc to the concretionary af "ect of lime stonc.

Except for the Mackinnons khad Bhitarli and
Kiarkuli rivers which are more or less nercnnitl, in this area

others are mainly scasonal.

Here the m2in drainige pittern is of radizl type.
The hi'l range cxtending from Locnletzer abbey to Craig top
and further cast ucts s the water shed. From here Mackinaon's
khad flows towards north west and Bhitarli nadi towards south.
Kiirkull nadi starts from the eastern most portion of the area
md flows down. It broadens 2s it goes down the power house
where 1% emerges on a corparatively pliin region., Below the
power house the Kiarkuli nadi cuts into the Nagthat quirtzites
which nre beautifully exposed on cither side. In the test,
cloud end and Banog hills also acts 7s the source areas of

the streams and streamlets,

The Kiarkuli, Bhitarli nadis and the Mackinnon khad



R

- -:tl-a

with their tribut=zries form deadritic prttern of drainige,
Most of the streams wnd streamlets in thnis arer flow down the
mountain flonks and mect togetner to give a general dendritic

pattern of drainage,

The Bhitarli n2di and Daura khalar give a2 tyvical
exuwiple of A sort of annulir drainage 2ssoclated with the radial

drainage flowing down frowm the siinti Tibba.

Though the drainage forms mainly dendriftic pat.ern
in this are2 locnl parallelism in the strcams wnd the strean-
lets can be observed in the drainige mnp waich shows tae

adjustment of streams to local strictural features.,

Water falls of wy significince in the region are
Hardy falls and Kiarkull f1lls. Herdy falls is situated at
the point where the Dauru khala meots Baitarli n:di. This nme
is given to 1 conmvination of several narrow raipids. The
Kiarkuli fall is comparatively suall and occurs South of

Kiarkuli villaged

There are several sprin’s in the arei. On the
Mickinnons curt road itsclf there are two springs one near
Bauisiarh and the other opposite to Sianti Tibba. The new

spriag road owes it nme to the John Macxkinnons spring.



CH{aPTER II

PREVIOUS WORK

Krol belt 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). Wis work was followed by that of R,S. Oldhom,
C.S. Middlemiss, Thomas Holland, H.C. Das Gupta, C.E. Pilgrim,

B.¥. Wadia, W.D. West, J.B. Auden and several others.

llussoorie area becane the subjecet of detalled investi-
gation since the time, thc deposits of whiltemarble were noticed
by J«B« Auden (1935). His work wxs supplemented by that of
Alladiin (1939) in locating further deposits of marble, Later
Auden (1942) continued his work and zave a £211 report on the
marble formations around Mussoor ¢. R.S. Mehta and others (19L3)
of zeolozical survey of India have further worked on these deposits.
The director:be of Geology and iiining (Ut:tair Pradesh) has beun
actively engaged in studying the workable marble deposits of tiais
area aver since its inception and they (1960) published a detailed

report on theilr investigations.

In recent years oil and Natural Gas Commission haus
done corasideradle work on the geology of Mussoorie area, but
most of tnis undoubtedly interesting work remains unpublished
to this day and is therefore not available for reference.
However, the only paper available nmumely studies on the Krol
limestones from lussoorie by a.T.R. Raju and S.N. Bhattacharya

(1962) is worthy of description.



Regional Geolog

9.3. Medlicott (1864) descrivsed a tract of dimalaya
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 basls of all the later work
on Krol belt., He classified the tertigry rocks waich he called
as sub-Himalayan series into threc units, lower, midile and
upper. The pre-tertiaries are classified by him : into un-
mctamorphics and metamorpalcs and wer nwmed to-gther as
Timalayan szries. The Krol, Infré-ﬂrol, Blaini and Infra-Blaini
were included in unmetamorphics and crystaliine and sub-crys=-
talline rocks in metamorvhics. <“he unmetamorphosed rocks of Krol
hills are considered by him as equivalent to crystalline schists,

tremolite scnlsts, and recrystallised quirtzites at Siml .

R.D. Oldham (1883-1888) was tnc next persvn to work
on the Krol belt. He contributed several papers,y, on the geolofy
of the hills between Simla and Chakrata. He concerned himself
mainly with Blaini and Infra-3laini rocks and suggestud a
glacial origin to the 3laini conglomerate and renamed it as

boulder st-ge., He assigned upner paleozuic age to thesc beds.

C+5. Middleniss (1885) man ed and described large
areas of Garhwal fHimalaya and his p=per on the physicil geology
of the West Sritish Garhwal is most significant, since this
tract is South-East and in strikec continuation with the Xrol

belt. His accurate mapoing fore shadowed the rossibility of
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great rock translations. Middleriss p+id much atrention to the

mecamorpaic conditions, noticing tr.nsitions between rocks of

widely different metamorphic grades.

Holland (1908) described a striated boulder from
Blaini beds and on tnis evidence supported the glacial origin as

carlier given by Oldhum, butaseribed purina age to the 3lainis,

Prof. H.C. Das Gupta (101518) of presidency Collcge
Cialcut 2 lead several parties to Simla and Solon arcas ind has
published several papers on the age and correlation of the rocks

in this area.

-GeBs Pllgrim and W. D. West (1925) conducted a
detailed survey of the rocks of Simla hills. Their work was
almost entirely ¢ nfined to the more metamorphosed rocks. They
realised that the simplicity ol sections at Simla was probably
deceptive and discorded the correlation of rocks at ®imla with
those of Krol hills. They suggested tiat a serics of thrusts had
brought rocks of different degre:s of metumorphism to be in

abnormal juxtaposition.

JeB. Auden (193) continued the work of Pilgrim and
West and mapped the arca between Gambhar river waich flows
from Simla to mect the Sutlc) and Jumna river?gglin04te the
boundary between Chikrata Tehsil aud Iehri Garhwal state. The
correlation as given by him for S'ml~t and Chakrata hills is as

shown i table Jo. 1



Agze Solen neighbourhood | Tons river, neigh-
| bourhood
T 1 o N 2 . S
Miocene Hah2ns (only at Xalka) Nahans
Lower Miocene Kasauli
(Daghsai Dagshai

Oligocene to
E ocene

Cretaceous
2and Jurassic

Subath: (Nommulitics)

Absent

Subathu (Mimmulitics)
Jever in contact

(Upcer Tal
Tal (Lower Tal

?Permian

Carboni-
ferous

ir

Krol &

sti i . Xpol D

Krol Krol lime- Xrol C

“seri- stone

@8
Krol B
Aed
shuwlcs

Krol A

Krol sandstone

Infra~srol

Upner Car=-
boniferous

- dpoer
KrolL.S%.

Xrol Krol lime-

sciries stone

Red
shil: s

Lower
Krol L.St.

Infra-Krol

Blaini

Blaini

Contd ---



I T Z 1 R
Devoniin Jauasar with poscible Jdagthat stuge)
? (Sillurian) iandnalis Cre ndpur ) Jauusar
stage ) series
landhali 3
stage
Lower paleozoic Simla slates with Deobawlimestone
sand pre cambrian Kakzhattl limestone Simla slates
?Miocene and
older Dolerites

e e e g e et T e = e - e e

For the are. Eaist of 78¢ lon:.tude including Mussoorie
and the neighbourhood, J.B. Auden (1937) nis given the following

zeological succession.,

Tadle Jo. 2

Format ion Unconformity | Approx.mite ; Probable
maximum _L age
v thaickness v —
1 2 o 3 4
Siwalik 16,000 Upper lilocecre to
2 Pleistocene
Murree Lower Mioceng
? ?
Numwulitics . Eocene
72l limestone and Up ser cretace=- o
Calcgrit 200 ous

Contd «..
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Tal ganer Tal

Ser-(quartzite 4,500 Cretaceous)
ies (Loer Tal )2
(Shales 2,000 Jurassie )

(Up»er Krol Lime-

(stone and shales 3,000 Triissic)
Krol( )
Ser-(Krol Red shales ) )
ies ) )
Lower Krol lime- ) 1,000f Permian )
(stone and shalz )

[ Ty

(Infra-krol sl-tes
(Uoper Blaini
gboulder bed and
dolomite
Bla-%
ini (Blaini slates
ser-(Lower Blaini
ies (Boulder bed

e S Sty Soatwen o

2,000 Talchir (uraliwm) ?

.
L]
.
[ )
.
-
N St o N M s e L

Nagthat 3,000 Devonian v

—— iy Ly G, S

Chandpur 4,000 Lower paleozoic

and pre-cambrian
Simla slates

Possibly cqrivalent
to Chandpurs,
althouzh diflerent
in lithologzy

Dolerites Lxte tertiary %

Notes= Conformity, -~«- unconformity --- e ,---

Krishnin and Swaminathan have refer.ed in their paper (1959)
an earlier work of V.. Boilcau whercin, Boileau has sug ested tnat

the Blaini boulder bed was equiivalent to the Kaimur series rather
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than to the Talehir boulder bed  1s belloved eartier. With
this as the basic idea Boileau saguested correlation of other
dimalayan formations including Krols with the peninsular

formationse

Gansser (1964) while discussing the Krol-Tal succession
has observed that Xrol serles is divisibl into five distinct
membe rsy, viz. Krol Ay, By Cy D and B, Resarding the 3laini
boulder bed hé agrees with the view that it should be cor: elated
with the Talcair bed and that its tillite aspect is undisputcd.
About the Krol Tal relationship he obseirves that after the
deposition of calcarcous Krol succession 2 striking change in
deposition took place and the younser beds consist exclusively
of detrital, mostly quartzite rocks, there can be little doubt
about their stratigraphical contact with the underlying limestonecs.
These detrital sediments have bee i cilled Tals, Dealingz with
Krol thrust he further observes "Jone of the Krol thr st nus
actually formed throughllarge recumbent folds ... 4 we actually

have to deal with proper thrust siacets and not recumbent napnzs'.

In Mussoorie area 2 marble zone of 40 ft tnick is
present in Krol C 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 34,000,000 tons. He found the
marble to be extremely low in silica, and sesquioxide and found
magnesia to be variable., A metasometic‘origin was given by ainm

to these deposits.
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Recent 1uthorattive work on the marble deposits is
that of R.S. Mehta (1959) of the tevulocical Survey of india
and R.P. Mathur (1960) of the Directorite of Geology and Mining
Uttar Pradesh. They traced a continuous bond of marble from
Jaripani to cloudcnd, and 2nalysed scveral sarples of this high

grade limestone,

Various Krol lime stones of Huésoorie irea were
analysed by A.T.R. Raju and S.¥. Bhatsiacharya (1262) of tne 0il
and ¥atural CSas Commission. According to their analyscs Krol C
residics are dominated by fluorides, those of XKrol D by detr-ital
sands and autnizenic euhedral feispar, whilc chert and mud stoncs
flood in Krol E. Upper part of Krol D however resenbles Krol &
in its residue. Their Geocnemical study of the degree of dolo-
mitization bascd on Mgo/cao ratios su; .ests that Krol A liméstonc
and the uvper Krol sequence has two distxiﬁ} aroups. Krol C is
dolomitized lime stone while both Krol ¥ and E are mignesian
dolmites. Though basal part of Krol D seguence resembles Kruvl C
in such ratios no distinction can be made between Krol ¥ and E

by this method.

In usper Krol limestones R.9. Mittal and R.S. Chiturvedi

(1963) irndicated the prcsence of probable algal structures.

The basic intrusive rock occuring in tiais area was
described by Auden (1934). He identified plagioclase (olizoclase
to Andesine), Juartz, auzite, Majncetite and apatite in this

rock and named it as leucophy re.



Regionn. Structure

Auden (1937) devided the Garhwal Him2laya into the

follow inz tectonic divisions:

Autochthonous Units: The buse of this wiit 18 probably the

Simla slateo series, Wumaulitics, Mur-eecs and Siwaliks overliey
the Simla slates, Thrusts occur in thege units but they do not
secm to be of primary megnitude. The important thrust is the
main boundary fault. This Autochthonous Unit appeirs to occur
well within the Himalaya, some twenty niles at lenst from

Dehra Dun.

Thekrol Napve ¢ Yhis 1s thrust upon the Authochthonous unit.,

This corresponds to tne krol bult,

The Garhwal Napness These arc thrust upon the Krol Nuppe. The

main Garhwal Napwe miy root in the main Him~lay o range.

The m2in Himalayan range: It appears to be made up partly of

elements common to one of the Garhwal Nappes and partly of a

distinct group of paragneises and cnists,

The granitic zone : To the Jorth of m-in Him:layz, granite

intr:sives occur in paragneissces and schists.

The Tethys zone This zone consipts of fossiliferous

tertiary sediments.

In the area Bust of 789 longitude which includes the

Mussoorie syncline,the tectonic succession of Jaunsar, Bliini,
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Krol and T2l rocks by the sams luthor is s follows -

TASLE No. 3

Chandpur's (metamarphosed)
Thrust

4 Nagthat ) Little metomor-
Garhwal Nappes Chandpur ) phoscd

Boulder beds, shales ind linme
stones of uncertain stratlie
graphileal horizon occur in one
outlier below metamorphosed
Chandpur's,

NN COTNCTNTN NN TN TN S N

+
Garhwail thrust
+
Nummulitics
Tal

(

(

%
Krol Nappe % Lrol

% Blaini
(
(

Tagthat ) metamarphosed and
Snndpur ) wwrebanarphosed

Krol tarust

.|..
Dagshai, Nummulitic

(
( Siwalik
Autochthonous / Y
o o
( Simlu slates

S e e o e T o e ot S e b i Tt o e T e —
—_-—_——m T - ~ - e . s M e o sty T o AP ot e b g e it o e e g e g S
R I s T m e L L s L e L S L e m L s A S L s m vl — ham e D=

¥,B., rfomtions mirked with asterigks were not observed
in the area investigated in tae acighbourhood of

russoorie,
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Between Janmuna and Gwnges riV3rs tho niin struc-
ture is an anticlince in the Siwalik range, a syacline foraing
the Dun valley, nnd to the North Eanst an over=~turned anticline
which is truncated on the North side by the nmin boundary fault
and the krol thrust. The base of thb Siwalik rocks i1s presumed
to consist of Nummulitics with attcnuated Dagshal rocks
resting on Simla slates Originally the term main boundary fanlt
wag used by Medlicott, donoting the thrust wnich scparates
Siwaliks from older tertiaries,Bast of 78°® longitude, thit is,
In Mussoorie arc2, the Dagshal rocks arec seldom scen. dere
the krol thrust haé brought pre-tertisrics to dircctly rest
upon Siwaliks. In these rocks numerous thrusts and faults occur

but they are of less maganitude,

The krol §anpe is hwin: 2 thickness of the order
or 20,000 fte Tho sucression here is a normnl onc,  Numerous
gxposures of current bedling in the cale-grit of the Tal lime
stone, and in the Tal and Nagthit quartzites, show that these
pirticular stajes arc not inverted and thercfore the whole
succession isin correct ord:r. The nost convencing svidence
for the existence of ilaope East of 78° longituds 1s the
occurrence of two windows disclosing durmulitics and Sinla
slates. The windows occur along the anticlinal axis which
sepirates the Mussoorie syncline of Naqthat-Blaini-Krol-Tal
rocks from the Gz:rhwal syncline éying to the South and
engehelon with it, Simlz slates occur in the centre of the
windows. Nummulitics overlic Sinla slites some times as

iszlated cappings. More typic:lly, the nummsulitic shales
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and lime stones .re found together borderinf; the winlows

nlong with blocks of nizhly shrttered qu-rtzite. Unmetamorphoscd
facies of Chandpurs of Krol -ppe occur above the Nummuiitics, .
According to Auden the nummulitics wer: deposited on the
penepliined surface of Simla slates and were over thrust by

the Chandpur: series of Krol Nanve.

The Xrol thrust from Solon to Dad~hu brings Infra-
Krols and Blaini rocks 2gainst Subathu, Dagshai ind Kasaull
stages. Furthér Tast, Blrini, Jaunsar and Mandhili roclks

override Sub2thus wnd eventually come to lie upon Nahwmns.

The prescnce of Dazshiis nd flumzulitics put the
thrust younger or equivalent to Burdl«;alisn. In plices cven
the unoser Siwalik Conglomerates are involved in overtarust by
the pre-Tertiaries. These movernients therefore rust be lower

(X .
plystocene in =gec or later.

D.N. Walia and W.D. West (1964), 2dmit more than
one orvgeny in Siml--§irawal aret. According to them the
earliest }ézs pre-cocene 2s subathu scdiments are found resting
unconformably on the strata of paleozoic wnd mesozole ages in
1iffcrent arens in this region. A larze scale post-Subathu
movenent regiltcd in the tr wislation of rocks Southwards along low
angle thrusts in a scries of Wapnesy possibly with attendant
intrusions of c¢ranites in the rost zone. This rioven.ent cannot
be precisely d-ted, but it is likely to hwe taken pl-ce at
the bougining of lower Siwailik (Middle Miocene) times, when 2

significant chinge in the n-turc of ‘eposition in the tertiary
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belt'took place, the main source =ret  being the lower
Himalayi, Thse folling of the thrust sheets'probnbly took
'place at the ond of Middle Siwalik.(Uppor lilocune) times giving
rige to 2 chinge in deposition from arkoses to €onglomerates
containing Krol belt pobbles in foot hill trough. Tﬁe later
wag 1ffected by the fin.l orogenic ~c¢tivity at the ond of
upper Siwalik (Lower pleistoccne) times, and folded and

fahlted into the structurcs sccn at the presgnt time. The
Nappe belt also moved further Southwards at this time, coming
to rest dircctly =2painst Siwalik scliments at plices. Subsequent
movement has been lirsgcly of vertical nature due presumlbl} to

igostatic nd eustatic adjustments.
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CHaPTER III
PRESEST WORK

Geology of the Area

The area investigated by tie present aﬁthor is a very
smd@ll portion of the main Krol belt and forms the South Western
portion of t.e major Mussoorie sYncline consisting of Jauusar,
Blaini, Krol and Tal rocks. In the area nasied by the author,
the rocks of Krol series and the Infra-Krol slates belonging to

the Blaini serics are present,

The geological sequence of the rocks in tne area is as

follows =

Litholog;cal unit = Jume after Auden
)
Mela mongonite trans- )
gressive sills -- Dolerite dykes )
) KROL
+ Massive limestone ) Seriss
and shales -~ Krol D and E 3
Marble, Bluish black ) )
limestone and calcareous) -+ Krol C )
shales ) )
)
Purple shalcs -+ Krol B )
)
Lower limestone and )
shales - Krol A )
Slates and shales = Infra-Krol ) géiigi

(+ Since Krol D and & 9re ..ot casily distinguisnable
as two separate lithic unite in the ficld the author has been

consequently obliged to consider them together is Krol D).

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

traced below the Kiarkuli power house, in itg neighbourhood ,



and, betwecen Bulat -nd Pandal villages in the forth-West.

These rocks overlie the Blaini boulder bed. These are dark
slaty shales interbedded with very thin bands of quartzite.
Jumerous veins of quartaz aﬁd calcite irvegularly traverse these
formations. The foliation plancs of tiucse rocks being weak
planes the veins generélly follow thems The Infra-Krols are
very incompetent and are found intricately folded and fractured.
South of cloud-cnd between Bulat and Pandai Villages, they arc

folded through out.

The Infra-Srol rocks in the arca are overlain by the
rocks of Xrol A stage both in the South-East and the lHorth-west,
These rocks are charscterized by thia b-nds of limcstone and
slaty shale. The bands of limestonec vary in tﬁicanuss from
1 to 4 inches., Thne shile bands arc subordinate and are traverscd
by the veins of calcite along the joints. These limestones are
conslderably hard to breik. The thickness of t'ils stage is 600!

at power housc and about 70Cf 2t cloud end.

The Krol A limcstone is overlain by £rol B purple
shales. The Krol B formation 1s not a regular one, varying
largely in width and extent from one place to another, It may
appear very broad and distinguishable at one place but may
gradually pihch out to ultimately disappecar compictely. The
Krol B formation consists of green and purplc shules of
variegated nature., These sh2leg arc much jointed and sheared
makinz it difficult to get 2 hand specimen. Jcar kiarkulil

power house the Xrol B shaleés arc clearly visible on thne
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scarp face. Both in tae Souti-Zast 2ad the Yorth-West of

this zrea the KrolB forration is considerably thick (400f),

The Xrol 3 purﬁlu shales arc overlain by the calecareous
shales belonging to the basal vnortion of Krol C stages which in
turn is overlain by the bluish bl.uck crystalline limestone., The
calcarcous sh3lecs underlying the crystalline limestone occur
both at Xiarkuli and South of cloud end., T[hose shales arc
40 to 50 ft taick earthy brown in c¢ohlour and arc traverscd by
caleite veins along the joints., The bluish blocik limestone
overlying %fhese shiles glves sulvhurous smell on breaking,

Many finc irregilar cailcite veins trwerse this massive lime-

stonc.Cilcite is 2lso scon develiped ziony tne cavitics,.

The uoner layers of this limcstone arc purely waite
and crystalline for about 15 £t wd 1re referred to s marble
but tho total nigh grade limostone is over 40 ft thick. From
the Krol € stage guarrying is done for three varieties of 1lime
stoncsy the top most pure white marble, the mid 1l¢ ;rey limestone
and the Lower black limesbone. The limustone in this arcs is
quarricd it Kiarkuli, Raitarli, Hathipzon and c¢load end by
private companics. At 3hitarli tac marble is particularly good
ocing lisht srey to white in colour where as it is bluish srey
<ls:wheire., Too many closely spaced joints, sometimes cv.a 1/2%

render it useless for building purposcs,
to 2 inches apart Ahough not in the manufacture of calciunm
carbidey, in surar factories or in tac¢ m2nufactur: of blc.icki g
powder and glass., The Krol C sbtage is tilek both a1t Kiarkuli

and cloud end but its cxtra ordin:ry thickness at Buitarli has
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probably beecn causcd by folding. The usual taickness of Krol C

stage is 700 to 800 ft.

The Krol C stage, throuch out the area is overlain by
100 ft. thick black sooty limestone and shales belonging to
Krol D stage. Thesc limestoncs are Dolomites in nature, wiich
confirms their inclusion in Krol D stage. They consist of
c2rbon and ar~illaccous material which is some times as high
1s 30%. The rost of the Krol D forpation[mig;ivc limc stonc witvh
10 to 15 ft tiiick zreen and rcd bands of sai.e. Thesc thin
snale binds cannot however be trac d laterally for long distaicus,
as they usually gzrade into lime stoncse 7he Kro' D lime stone
ne:r the library khala consists of small ancunt of of guorts
20d felspzr griins and 2lon? the velns in it, Calcite and satin
spir-2=varicty of gypsum are developed. Structurcs compirable
to stramitolites caused probably by alzal agehcies are observed
in the Krol D 1lime stone nerr Lions Paw on the ncew clreular
road. In higher renches, that is, ncar Chandal Gerki the Zrol D

lime stone is palc and highly jointed.

The Xrol D lime stone in the arca is traversed by
several transgressive sills. These are ia concordance with the
country rock but at placcs arc scen cutting across the sanle
bands into the Lime stone, As reogards the mutual relations:uip
of thess sills, the author docs not however posscss cnough
evidences to prove whether these sepuwrate bisic bodics belong
to onc major intrusive sil: or they indicate different un-

connected ramifications. In this airey the trend of the sill
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is in the Tovtn~dest Souta-East dircetioa, Tnerc are Lwo
parallel series of si'ls ia this arca, One zoes from library
Khala unto the bifurcation of Ilickmnon road from the main motor
roud and further contlinuc outside the arca upto Dhooi ghit. The
othor serics of sills occur 2t Krishn: mandir, Bansi garh,
Snowdon,wishing well, and cloud cnd. Thelr thickness at these
places ranges from below 10C ft (at cloud end and Wisning
Well) to Well ahove 500' (Snowdon). At Snowdon a discontinu.d

patch of thc sill occurs in the forth South dirvetion.

The sill in the 2read is usually much sheured espe-
cially at Basigerh Snowdon and Wisai .z well., Irregular
fracturcs traversce thesc roeks ism vurious dircetions. &t
Wishing Well the rock is so woathered thut it has takea 2
looscly friable and almost vowdory ispect. In contrass to

these intrusivzs bodies the sillat tae Lifurcation of lisckin :on
rond runaing upto library Xhalw: is fresh and perfect JOlntS

running  parzllel to the regional strike =re observed in @hcm

This intrusive sill is finc to medium zrained and
melanocratic., On the bisis of th pctro:rapnic studies tais
sill is named as meln monzonite. In tac lime stones tne contact
¢ffeet due to this intrusion is very rcalre, tiouga at plices
lime stone is obscrved very greatly baked. At Bansigarh the
cont.ict ¢fcet is scen upto about 2 oot only but tile mnd
agbostos are scen developed at the ju.ction of tiue intrusive

sil® and the limestone. 7This mersre cont-ct effect may be
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due to the shrllow intrusionl wita less over burden which
causad zreit loss of hewt. Along the joints in the sill thin
coatings of serpcntine are observed walch may be duz to liater

hydrothermal solutions,

Opposite vincont hill Schools on the new circular
road 2 small isolated occurrence of very diffcrent snale
formation hardly 20 to 25 £t thick and extending for roushly
half a forlon: is very interesting. Jhesc shales lic unconform=-
ably over the Krol D lime stone and arc hichly jointed. Thcey
do not rescmble the nomal Krol D shales but 22rec well in
aopermee with the Tal shales exposed in the neigabouring arca.
This abnormal occurrence of these shiles 2t tais pluce lcnds

onc to speculate some important structur-l disturbance.



Structure of the area

The area under investigition forus a part of the South
Western limb of the Main Mussoorie sy..cline. This 1limb is
itself seen folded into several minor anticlines and synclines,
their axes being more or less parallel to the axis of major
syncline. The Hathipaon and 3anog hills in the Worth-West,
which are anticlinal hills are themselves obvious manifestations
of these foldings or bucklings of the synclinal limb in this
area, In the field, it is, houever, very difficult to determine
the oxact nature of the plunge and other characteristics of the

folds due to difficult terrain and thick vegetalion.

The regional dip of tnis area, that is the dip of the
major synclinal limb is in the lorth zast direction. The dip
direction varies from {'% to N& and the dip awount varies from
35° to 555. Near Kiarkull pouer nouse te formations are seen
dipoing 45° to 50° due Hort-Zast. Further West at 3hitarli tae
beds dip very ste.ply, their dip belag 70° due wort-East. At
Bhitarli the Xrol C stage exhibits unusu:lly zreat thickness

which may have beenh caused by folding,.

South of cloud end the formations dip due Jorth-East
‘*igkii\angle of 40°, rhe Iafra-Krols at this pldce occur at
~hly higher level thun elsewhere and are observed
¢ incompetent. TFractures run parallel to the
"~1lds. Below the cloud end hill the
“fra-Krol rocks are observed.

~hont a mile South of
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Bulat, tne autior has found the repetiflon of Krol A, frol 3
and Xrol C rocks dioniag 40° due !!Z. This shows that thais
area consists of a major isoclinzl anticline and this is appa-
rently the main reason for tne unusual width and elevation of
the Infra=~Krols. Thusg the beds South of cloud end are forming
the Norther 1limb of the Bulat anticline and the Southern limb
of the cloud end syncline, whose Jorthernextension is tne

Banog anticline.

In the area, iathipaon and Banog hills are anticlinal
hills as already stated abovie. The Hathipaon hi'l is consisting
of Xrol C stage. Its plunge is towards Zast. The 3anog nill
is an anticline as North of it, beds dipping due Horth-East
are clearly visible from Hathipaorn tollbar and the Southern
flanks of whicn are seen folded 23ain - Tnis nill can thus

be called a minor anticlinorium,

In Krol D stage the beds are o.served either dipoing
due North-Iast or South-West. The dip amount of thnese beds
vary from 20° to ©60° though normally the generil dip ranges
betwezn 35° to 55°, The North-Easterly and South-Westerly

dips clearly sugr-est the minor folds i. this stage.

The main joints in the arza run parallel to the
strike of the bedliing planes. [heir dip varies from 20° to 90°,
Vertical joints are also observed striking Jorth-East South=
dest. The marble formations show closely spaced rhombohedral

joints some of these are as close as 1/2" to 2" apart,
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In Krol D stag: the intercalated shales are observed
agsuming non-uniform types of folding. 2Z2ccuause of tne presence
of shale bands the ‘limestones lying above and below arc folded
indepcndant of each other and the shales adjust themselves

accordingly (Fig 3.3 a and b),
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Fiure 3.3a ; . .an waifor. Joding ia sh les.
Jhe lire stone 1lvia: -wove nd
vslow the si~le bwds re folded
indepcnd nt of e-ca other (Lower
p.rk ro ).

Tigur: 3.3b ¢ on uailor. foldia in satles
(LOower prrk ro:d),
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Figure 3.4 : Point diagr-i of the 50 bed ing pl-ne
d.ps i1 Kro. D lincst.ne nd siles.
The di~gr-ii lndictes the ..orth
e~stirly nd South Westerly dips of
tae beds in this ars .
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CI.PIWR IV
PITROGR.PIY

The :rea under invest .;ation consists wiiinly of
limestones and sh.les. In the Upper .rols el noazonite

intrusives are c¢o.:on in the fom. of tr ms:ressive sills

Jae oldest rocks oc-uria; in tails area are dark
slity shales walca be. on:; to Infra £rols. They ire carbona-
ceous in niture md 2t pl ces consis, of quartzite bands.
Thev are very fine :raincd 11l even under i:icroscope it is

difficult to Zetsor-ine thelr rineral constitueats.

The Ir>l & staije wriich overlics tae Infra-S{rols
is cornosed of interbedded earthy brown s2ilus aad i zstone.
Shales hwe cilcite veins triwersin; thg . ,- Under the micros-
cope the thin sections (slide Fo. 5/7) siow filnc ;r.ined
anhedral calcite crystals in tae limestuﬂé. The shile b unds

; ditisantt

are very fine jrainced and it is veryialt to distiajuish
various niiner:ls. However, qu3rtz nd feldsp:ar are ovserved
to lie in ~7ood arount alon. with cliy. The calclite velns
in the shales congist of anhedral ind bi; .er ;rains of
cilcite. Fro.: these veins sialler off siwots arc seen
traversinz the snales, It is very difficenlt to infer the
co.position of Krol & lime stoune fropg niicruscopic exa.initina

onaly, but cheunical anailyses 1s listed in Tible 4 confirm



their inclusion in A loritisel lirestoness.

The Lrol B sniles ocecrrin; avdve tae .irol &
line st ne consist of ;rzen and »urnle shiles. In had
speciren thacse shales are very friable and jointed. The
thin section (S1 u. S/30) study of ;reen shales sow thit
they are co:posed of guirtz, chlorite, c:lecite and ser.cite,
Under the ricroscope these sinales siow several nicro joluts

filled witn cnlcite veins,

1,

2he Zrol © sti:e waich overlics the Irol 3 stie
conslsts of ¢ lcareous sanles, bl .ckx lii.¢ st:c and i.arble.
The c2learcous siiles ia the Bend sveciren ire earthy in
colour witi several crlcite veins. The lr:lL C lizest ne im
pluish black in ¢2%our, in thoge 4. st nes cnlelite is seen
1s veins wmd in cowitlies. a3 tain sections (31, i'o. S/8)
under the riicroscope rove .1 redur sizud athedral =rains of
calcites Caleite shows twinain: nd aish order nol-risition
colours. Its intcrfercence fiure is unizxial nc;ative with
.ony rin s ditain the mediuwr sized ~ahesdral rains taere
arc few coarser ieains siaowin; perfect twiniing parallel to
the shorter diag.nal of t.e rho», These 1y be the Jraing
of dolomites Tnoush frou the taia sections it is vory
dif7icult t» jud.e the nature of tae live st .ney, 1t cmm be

=

inferredi fr. the ta2ble Jdo. 4 th2t this lir.e ght-ne is 2



"’69‘ »

Al dtiged live st oie.  ne u ver o fzoa of Kool € contel s

A . )
“dte teohle.  fle SAn seedions of the vartle (Sl o. 3/8b)

show finely crystelline, a:ledrel gra as of calcites

The, Krol D ste.n iieh overiies the Zrol U s'rie,
cosisss of severs=l vasic’les of 1% estones 228 sh~rles., Tle

linestone nes “he Librery is daric fine rcraie” and is traversed

by coarse graize’ ca.clte verns., Quertz i3z ;resent ‘n var-ing

aiount along with calcite in these velas, Uzder iLhe nicrdscope
(81. 27/1g) it is observed tha’ the celcite in the velns is
TUC) coarser. Alon, rith c¢-leli‘e cuar.z is »2lso seen L0
derelol in the viins, At T~w » lrerg L2 ouecrtz srains are

seen concentrated as ockets, Tlie g ound rrss of nainly

calcite corsists of scattara?d cveins of Luscuvite, " larioclese

guartz a~d 10 oxidess

[ 20 - o . - ; ) . - 1 I

Svec’ wns  8/13, 3/1liay 3/12%5 ¢ ouw s ~omable siraieo-
litic structures woth i W-n? siveciven as well as under “ie
sleroseores L. Dnad srecitea Uese st los shior fine arcuabe

and lobzte Yen 5 vary n. =25 “han a frezctionl of a vt imeter

™ e IN 1. T L = KN - . fa Y]
to Zin., 8 Tl sectinas of these sa Jles siow fivtous

ara-o.itic “ands “or ering t? co2nrse rraine yloiite.  These
e ) .. b{ .3, littal wnd R. S Caturvedi (1063)
DEIV S are rec.p.izec celiular struc v~esd "he avaroniie

o]

given a nega“ive hiaxial fisurc w.ile caicite showus a uniax®al

negative [igure with tany rings. Fron the ¢ e ical analysis
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(Tble Jo. 4) 1t is infoeor:d taat the limestgnes in {rul1 D

are Masnesian Boloiitus and Dolomitlzed linestones.

The sihz2les in Xro>l D are iuch leicaed.

They

are very fine;r-ined, so tue izicroscopic studics are v.ry

qifficult.

The thin section (5/32) of tie shale fron the

nevw circular road shows i er rains of quartz and feldsp:r

exbedled ia tac fine sralned shalc.

The 1.-0/Cq0 ratios of tho differ nt lirestones

calculated by EDT.L titratin with lurexide and erichrone blick T

as indicators are as ziven in Table

e,

:’.). é.‘t‘

TL3LS No. 4

Specinen
nur-ber Place ¥~0/Cqh0 C,CO3 MJCOB deriarks
T 5 3 I 5 G
S/15 Krol D
(Chmnd:l -arai)  0.808 5149/ 49.25% l.ajnesian Dolonite
5/14 Krol D
(Teweireular 0.679 53.08% 43.25% Dolonitized
rod) Lim.stone
S/13 srol D
( few circular 0.726 42,556  37.5% liasnesian Dolonite
road)
S/11 <ro1 D
(82voy hotel) 0.73 48.25%  4l.ap Yasmesitn Doloite
5/17 {rol D
(Blucher 1i11) 0.79 46,6, £3.29% l.anesian Dolo.ite
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1 2 3 4 5 <)

5/20 Krol D .
(4athip~on Toll) 0.687 34.6% 285 Dolonitized line
stone with ar;illa-
ceous a2terial

and carbon
S/8b Marble (Xrol C)
(dathipaon) 0.0737 92.2 746 darvle
S/b Krol C lirmestone
(cloud end) 0.1135 83.9% 11.1% Dolonitized lire
st.ne
S/7 Zrol A 0.1105 18.6% 1.73 Shaly limestune

Doloritizede.

Basic intrusive

The basic intrusive rockx in the ar2a is melwocratic
and fine <rainel to nedium ;rained. .lon: tae cracks in th. rock
epidote 1s developed. The joints ia tre rock show 2 tain coating

of serpentine which nay be lue to later hydrotaerr .l 2ctivity.,

Under the rier .geipe these rocks arc fine to neiiunm
;ralned, cqui ;ranular and show hypidio. orphic texturc. The .:ain
constituents of this rock arc notash and pla:iochise fulsprs,
aaritey Maimetite wand aprtite. The notash felspar is rueh 2altored
into sericite. In the slide S/1p pertaitic and ;raphic inter mowth
one .
s observzd.

The Plaj.cl se fulspar is very fresh. It shows

little or no twinning. Few :r ins which show 11bite 1law twiiain.
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(5/3y) ~ive an extinctisn wsle of 16° on thacse twins.

Thais indicites t:2%t the placioel:se is of ADggalgy

( :ndesine) in corposition, In plizioclase felspars it is
noticed that these arc saussoritised very much at the centre
wherc 25 the the border they are fresh, tals may be due to
the difference in compositioa of the flespars from mariin to

the centre and such 2 differeace is bruuzat 2bout by zoning.

Pyruxene occurin; in thce rock is .aujite. 3:s1l
sections of .u ite show two sets of clewa:ie at 87° and
93°, It shaows 2 sort brown colour in ordia:ry 1i;nt. The
rmoxinus extinctinon ansle wita rospect to cleaw tje is 4«39,
It shows sccond oricr bluey rol wd Ireen poli.risation colours,
Mostly 2u-:ite is alterct into cnlerite, tae perevntije of
chlorite in the rock bein; ore than wiiite, dteration of

ausite into Uralite 1s -~lso ¢ .,

3

ilameotite is tac wain opaque nineril decurring
in the rock wnd it is titan:ifereous 2s dstzruiinel in polished
section. It is oxidized to joctilte 2t nlucus. euitite wnd

nyrit. are 2lso observed ia very little 2 »unt ia this rocke.

The next abual nt ac:.sgor; .ineril ia the

rock is apatite occurrin; 2s ne.lles and perfect hexaons.

In the rock biotite, wml c¢crleite also occur in
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lit.le =x.ount. Biotit. occurs 2lun; witn the chlorits, whereas
calcite r.ight hwe beon relezsct frow the pl:3ioclase and the

pyroxenes (Sl. No. 5/3.).

The modal 2a1lysis as determ:inel by swift point

cou ter for specimen Nos S/1p and $/3y 1is 1s iven below

TABLE No. &

e T L p—y

Mineral S/1y, S/3p

=

Fraosh felsgpar

(plazioclase) 254% 19%
altered felsp:r

(potish felspar) 41% £:2%
Ausite whithehlorite ‘

and uralite 236 25%
Matnetite 80 9%
ipatite 3% 5%

mden (193) described the basiec r.cks in this area
28 dvlerites. He identified plnziocolnse felspar, .uzite,
apitite 2nd niicnetite in these rocks. He crlled the altered
felspar 1s saussur&ﬁizel vl pisel se md the felspar quartz
interiroth s 5 2phif interirowth botween quartg wnd sl-zi.e-
lrsc. Because of the time linitation nowever the .uthor could
not fini out the cheical composition of the rock, but he feels

that the altered felspar is notash felspar becausc of its tynic:



alteratin und r-ooaic wd pestaitic inter. owths.On tiae besis
of the percentajes crlcul™tel the rock c¢a: be e¢alled 1s a
0 zznite but 2s the colour index of tiae rock is ."ore that a

norri2l nonzonite, this is n%ied here as Melr lLonzonite.

Contact eflect of the intrusive on tae Country rock

The contact ef’cet of te intrusive is very ne-gre.
In lirce stone tremolite and tale are seen forred 2t tae cont ict,
The snales fror cloud enl frow the contict of the intrusive
show the charact.r of spott I sl-tus.In the tain section
(S1 Ho. 5/29) rcerysta'lizatiosn of ouirtz -md felspar are secn

2s spots in thc otherwise fine :round i -.ss.
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4 NOTE OJ THZ SATSLICITY OF MIN wida

In th: Indion sub—continont the Hinrlayan belt
cxpericnced rorc thipn forty najor sarthqukes in the past
hundrcd ycors. The minor lochl shocks ~re n reruluar foiture
in Himal2yns. These earthqu-ke often resulted in he~wvy loss

of persons and property and tnereforc not rclishable hapneninis.

Mussooric - Rjpur arca where tac wthor nd his
colleagues worked h~s been 1 scene of severnal mnjor cirthjuikes
since the b.7inning o" the 19th ceatury wnd 1 :reat nany
of thom rust have occurrsed cven before, taow:a th.ir aistoric:l
rccord is not avail-ble. In table N2.6 2 nwsber of ¢.rtia-
quzkes which occurred in this wnd the nei. bourin: ~rcas are

arranzed.

The carthqu-kes which 2ffectod this 2r:y sevorcly
are too many to enumurate but out of thor. 3arhw:l-Kw::on carth-
audke of 1803 wnich took 200 to 300 lives nd causced zroit
Awige to property descrves particular riference, In 1309
this rciion wns 31in rocked by ~notaer carthqunke which
blockcd Vishnoos:anza river. On 5th Mnrch 1842 ~nother
carthaunke occurred whica had its epicentre a1t Mussooric
il its influcnce was felt unto Simla. This was followed
by still wother which occurrced on 1lth april 1843 and shock

ths entire area from Mussooric to Delhi ind hlecrut.
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The K-nr1 ¢ rthqu -2¢ tart occurcci on tne wth 4pril

1905 =nd which tolk ~ toll of bout 2,000 lives wnd l:stroyced

Dharmashala  =~n! Kangr: towashins had a sceondary cpicentral

troct with wn intensity 8(Rossifoyrcl) ia Dehradun and lussoorie.

The two or threc shocks conrccted with this carthquake lrastel

for 25 sces. to 2 ninutes. The of wet of these shocks b

Dchr~ Dun were followin<s.

1. Moanin; and r-ttlin~ sounls
2. People wolkin: or st-nding lost their b:l nce

3., Buildins showed various lwiw:e inclulin;
fissurcs M1 cracks,

4, Loss of life (not vury sinificnt).

Mid'lemiss (1916) has ::¢.tioncl that Dechr» Dun rose
5.28" rclative to Mussoorie ~s - result of this creit eirth-

qu 2ke,

an e rthquke with wm intunsity 5.5 (Rossifoyx el)
occurrci in the Mussoourie-Donra Dun reoion on the 20th
Octsber 1937. The enicentre of this carthqu ke whs situntel
1% 31¥ 'l 788, This wns very stron:ly felt at Dehra Dun
ml dnba1lv wmd was eonsilerably intensce 2t Mus-o.rie and

Riorkce.,

The dinalayr nountains repr.sent a couparatively
recent 2rorenesis al the aren hns aot yet reachel its

stability. The Himnlnyon belt is therefosre very susceptible
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to the occurrcnce of ¢ rthquikces 1ni other crustal -listurb nces.
Scevertl thrusts namely tihe Krol thrust and the uiin boandary
fault hwe beon recasnigzed in the lesser Hdinm:l:iya anl the
oller pretertizry rocks hwvé been as a conscquence thrasted
over the more rcecent Siw~liks. Alon? these thrustel blocks
a releage of tectonic strain from tine to time 1s to be naturally
expectel, Morcover the Infogingetic pl-ain forns the fore
dcep to the South of Timl-yas. The arav=allis, Delhis an? the
peninsul~r shiell continuc unlerncth the Ininzn:e .iec 11lluviun
with their strike perpen’iculzr to thae dimtlayan ran;e. These
coriing in eontact with Hinmnlayas serve furtner s continuing
source of release »f encrcy il ciuse :laor sh.ckse Frequent
ninor tremors in the thrustel re;icn .f Rijpur prove that

the Krol thrust is still nctive.

The investi:atiing cuprie!l out by the ~uthor
a1 his eolleagues in tae Muss. .rie ares rove2l thot in the
North anl Eagt of Lanlrur niaor shocks 4rc not uncorn. on
wherens to the South anl West of it unly major carthquakes
hve be.n expericncels The ires Horth -nd Zast of Muss,_ric
1s situ~tel on 771 Krol cintact with shales forning the
lower most horizon of Tals.e If this Tal Krol cons~ct is
provel to be » thruste? contict, tho frequency of minor scisnic
shnocks in the rogion can be explained by the novenent of
overlying Tl r cks. Espee:ally the frequent tremors in the

r2iny scas nocnan be expliine? by the rovenent of sverlying



71 rocks 2lo3is the lubrie-tel shnles,

In viow of tle above l¢scrintion ~nl ~nalysis of
the available Aata this is to be inferrod tht Mussrorie anl
its neighbourhool lics within the seismic zone as the activity
alonz the Krol thrust,Xrol-Tal contict wnd the grcat Bounlary
Fault will norially continue to be lissipatel. Minor tremors
hwe been frequently recorle’ in this ~rc2 but many n2jor
earthquakes of hi:her magnitule arc not Likely to occur as
the only carthquake of maxinum intensity ruc.rlel in this
arca is of the or er of 8 (Rudifonrcl). Huwever even in the
absence of nany imnortant carthquakes poss »ility of hiher
intensity qu-kes cannot be totally rule! ut an? tace ¢ nstru-
ctions are frouht with jr-ve risks ~nt therefore tlequate

precautions shoull be trken before he wy structurcs re 1ail.
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MAP. SHOWING EPICENTRES OF PAST |IMPORTANT EARTHQUAKES

IN SIMLAR GARHWAL AREA
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Photo 13. s sela roazonlte siowinll auite,
nl viocl-se patsh felsp e nd
g otite (S/1y).

Photo 1. Clcite 1. ticiela. onzonite
r2'e¢ .sed wrob bly fro. ayroxene
nd »l .cioclwse. In L siide it
is sorcounded by calorits (u/34).
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