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The nresent work erbo”ies the result of invcstirations
which were crrried out by the ~uthor to stuly the reology
and seisnicity of the south—en~stern n~rt of Mussoorie as a
part fulfilrent of the rcquirerients of the awnr? of the degree of
u8¢ o(Tech) in 4pplied Geology of the Tniversity of Loorker iThe
prosren wns jointly sﬁohsOred by the den~rtrent of Geology ~nd
Gccphysics an” School of IlLese~rch n? Tr-~ininc in Earth~u-ke
Tnrineering with -~ view to nssess the seisricity of Mussoorie-
Liajour rerions The centire rerion wos “ivided in four sectorsy
the writer beinr “epute? in the sotithr-castern parts of
Mussoorlcs The othcr threc scctors wore “istribute” -roncst
Mrs Py Jolote (Linjrur)y Mre Selonaka (Testcrn Mussooric) -n”
Mr., Shupendr- Sinrh (Morth-rn Mussooric).

4

The ~ssoci-tion of the orogenic belts ~n” r-rthaunkes

is ~ wcll cst~blishe” f-ct in :r¢oloyre The orisin ~n” cffcct

of thc scismic nhenorcne is rcl~ted with tho crust-1 “istur—
boneces which are nnnifeste? by the reoloic~l structuress Under
the various cdeveloprent nl-ns of our country, rany un‘er-
ceveloper hilly rerions nre now beins rrovi“ed with in“ustrinl
units an® scisrie fnctor is one of the irportant consicer-tion
for dceidin~ the sizc an® the ¢esirn of such nrojectse L
nroper investir-~tion of the seismicity of n rerion isy

thercfore s o nececssnry »art of the develo-rent prorrrrmes



of our country. .nv stu’y y-1-tin- £t tht scisr-icitry ~f
~n ~rée~, howrcver, h~s ;ot to st~rt ith th colo-7v n~
structur~l Investiroticnse« The nrcsrnt work rny be rep-rcde?

thercforc, an attermt tovwnr”s this end.
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SITU.TICN , CLIMATE /I'D TISTORY

The ~rc~ hercin ineluc” i1 the ~rcocnt worlt,
constitute the SE ~orticn of 1ussooric ~n” is situntcd
between north l-titudes 27~ 2&' 15" —~ 37°° 27' 33" ~n”
erst lon  itutcs 78° it 15" .- 78° 06' <5". It is ncrily
22 riles north of ™ehr~"un ~n” lirs in Survey of In“ie,
one inch shecet o« 537/3. Thre ~rr~ is loc-te” i the

nap 1l

The ~re~ has ~ hc~lthy ~n? hr-ckir clir-tc throuch -
out thc y~~re« The ternersture ranres between 23°F (—£%)
in the winier to 78° F (22°C) in su ers Monsoon is conlous,
the totrl r-infall is brin, 7CH to OCM ner annure The
ronsoon st~rts with the ~“vent of July -~n” continurs throurh-
out the ronths of “uvrust -»n” § ~terber. Tuvring this nerlod
r~in is continuous for cdays tor-thcr. Terrcer~ture berins
to fall in T-verbe: 3 Jrnuar an” Febrv-rv arc vr - coll,
on® there sre frececvent srovr 7-17s these "~vs. Frco- s~cond
week of March the we ther berins to chonre =n” Hececores

weIrer. The ronths of May ~n® June n- be considered »s



o, -

the best season for visitin- ~s wcll rs for ~colo~icnl
exnedition of the aren. Turin~ thess —onths the termeraturc

rances between 25°% an” 10%c.

The ori~inal narc of Mussooriec wes Monsuri, nrobably
becruse thc ~re~» was su~~ose” to he the hide—out of ~ bir
out low chicft-in n-~red Mansure. Ilowevzr j"lussoorie care into
proning;%e ~fter the Survev of In"i» offices were est~blished
by Col. "wercst in 1832. Tv thc en” of 1l~st century tussooric
hn~r carvpﬁAout n ir-ort-nt rlrce for itsell nron~st the
the In-ian hill st-~tiors. Its tcvelonent on” ~ttr-ction
incrc~sc” subscruently ~n” nowr it is romul-~rly known ~s the
"rucen of 1111s".

COMMUTIC. TION, 1CCOMMOTN ' TTOV mr nvmimp
LT ILY IR POCTLITITS

For visitins Mussoorie fror nny wnrt of ths country,
the journcy by r~il h-s rot tc bc tecrminate” ~t "ehro”un which
is a terrin~l rrilwry st-tion of the Yorthern Tailwry . There
is » rerulsr bus service runnins between Mussoorie and
nehradune. Turins season the bus scrvier is also introcuced
between lussoorie ~n” NMelhi. "Tithin the town n-ndl pullcd
rickshaw dondies and nonies are the only wcans of convcyance .

In oddition of three Th-rarshalas, therc are a larre
nurber of hotels in Mussooriec where accomrocntion is available
on rensonable rents. Tor investicotior. of the nrea under

considerstion of nrescnt thesis; stayin either in Iandhour or
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wulri Tezar 1s rost suit~ble. 11 rocdern aneniticsg of

cntertrinrent ~n? shom~in' rppe availahle.

PIVSICGLLILY

Tonosranhy

The nre- represents = hilly tcrrain. Morthern part
of the area is ni-hest ~n” threce nroninent hills ore the
Gun hill,y C-stle hill an® L~1l Tibba. ILal Tibba hns the
hi~hest 2ltitude of the arcr =n” is 7459' nbove thr renns
sca levels The enstcrr »ortion is »lso cornar-~tively hi-her
~n" 1s cormose” of nur<rous hi ‘hlan”s bein® sep~r~ted by
intcr-runnin: v~lleys (fi- o 1(h)})e The western ~eart of the
arer is less unﬂu]atinazanﬂ te ~ rc-ter cxtent h-s »
crafunl slocc (P90 2{a))e The 07 cornnr of the ~re  forrs
its lowest 1lan” an’ is zerresente” by = raor v 1ler

o

(Fiarkuli "acdi) whicr ultirately orcns un in the "un v~ller.
Georor-holo ically the ~rcn dis in initial storew
Tenucation is cxtenslves. 35r°~rs are deenenin-~ their channels
roiularlys, Scver~1l of ther are flowin_ turbulentlyv *hrough
steep~wnlled or~es with 7 shancd cross sections. Ion” slicdes
are fre~uent alone the walls of these rories.
The tonorr~nhical ec~nfirurstion of the terrsin hes
been ‘nfluence” by thc naturc of the rockss In areas corrosing
of shales; ~rits an” gurtzites (T-1s), the landsca»e is
Aifferent ~s cormared tn that of Lircstone and Aolorite areas

(Xrols)« Tnls have forred rently un<ulatines or flat topnred
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hills«. Cn %he other hand, the lircstone bHodics, hoth
hich rode and “olorntic steond out very »rorin ntly
‘ivin- ris: to » rur-ed scenery oan? s1vost barren cliffs
anc rreci»icce, often hazardous to clirb. In fret ~ ~or- or
1cs§2Karst tonorranhy hns develorncd in thes arca constituting
of the Krol lircstones. Some of the ch-racteristics of Karst
toporraphy hove been well represented i this reslon. These
includc nitted, groove” an rur ¢ surfrcc (nhoto 2) solution
chargzis, hurs (fi; . 2) ~n? caves ctes Sore outcrons of barc

~N
limestonc hrvc heen carve? into fantestic natural architcctur-l
forrse Most peculiar of ther is the Carcl's “ack Till. It is
just 17 of Gun Iill =nAd looks ruch like a sittin~ camel ﬁhcn
vicwed fror 2 disteacce (71 o)W Thc obther ottrccetin nhysio-
cranhic footures met +-dthin tr¢ Frol furrat on o1c o nurber of
caves founded -t various nlnc s SOPG'Of—tHQT ~re huge in dire -
nsicn (nhoto 3). C-ves scrn nlonc the “Tincraic roa” are
nrisratie in shanc with triencular cross scctiom (Fiz.2). This

shane haos beoen scquired duc to crosion cof the rock =2long 3 sets
1

of joint »lrncs traversing th- rocks.

Drairares

The mein Mussooric =idre n~cts re o wrt-rshed; “ividin-

the drains:

¢ in two rrouns. Thosc shircars viich are in north
of liussoorie flow in o northerly direcction -7 thosc which in
south, flowins in a I8 “ircction. *ith the excecption,
thercforcy, of a2 srell portion in the northcrn side; the

drainare of the major part of the nresent crec is from north
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to south. Through sheet run—off; gullics, ravines, nalas,
seepane and sprin~s; the entirc body of efflucnt surfrcc
water is chained ultinately into either of tvo major streans-
the Kiarkuli Nodi and the Lisnana MNadis 2oth of thesc arc

conscqguent streamse

Kiarkuli Nadi

The western half of the region acts as the catchment
area of Kiarkull Madi. This strear is developed as a result
of the confluence of several large ;jullies, known locally
as Khalas or Khad or Gadh.s The chief Khalas arey from west
to east s Kukhankhad y Kiarkuli Khalas; Dhobighat Khala and
Nalpani Khales The first two flow in UM"WS8% to M-8 dircctions.
The Dhobighat KHalyx: flows in a YB-SW direction and Valanani
Khala in rourhly =VE=ygw direcction. T-ch Khale is ioincd by
scveral small channcls and nalnss These Khal~s join together
to forr a revulet known as Kiarkuli nadi. Just south of thc
junction with Malapani hnala this rivulct nasscs through =
serics of short f~"1ls, knovm as “hattn fallse Movinc further

southy at 2 nlacc 2 furlons 1 ¢E. of clcetric nowcr housc
’ > - . ’

this rivulet is joined by Thattﬂ“Khalzzgiwnla Khala end
Bholase Noth of these Khalas as well as the above mentioned
Nalapani khala arc structur-nl strc-r-flowinc throurh anti-
¢linal vellcys. Meoor the rceting noint of Kiarkuli Modi

anc Shatia khala therc is o steep crcening scarn (Photo 1
and 4). At this place Kiarkuli Nedi chanfcs its course

from S to &' Further 5= of Mussoorie Kiarkuli Madl is
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added with scvernl stre-~rs on” ultir-tcly “dsch-rges its

drainrre into Tcns river.

LBisrena Nadi

This strcan flows in castcrn recion of the srons
and is developed on a sirilar nattern s Kiarkuli nacie The
initial chenncl, the Company Khnfh, flows along a fault vallcy,
rourhly in north--south directions It is joined by a nurnber of

tribut ary chennels glong its coursc.

Lbout 2 furlongs south of UWyrberr lligh School this
khala nasscs throurh a stcep and narrow gorge an? forrs o nurber
of step frollsy known as lossy fallss Yovinr two furlonprs south
of the Mossy falls the strec~m is joined with S%v~1n Khala anc
bccomes a rivulet krowm ns Lisrana U-adi. Thic Ldspana nadi
continues to flow south w-rds ~n< ultinatcly neraes inte the

Suswa Nadi at €lerent Town, D-hradune.

Wotcr Falls:

The strcrrs in the lirestonc forrations heve giwven
t:! ’
rise to nuncrous rarids, cascades and ~t rany ploecs to rarnie
ficicnt watcr falls (Photo ilceH5 and 6° ). Thc rost nicturcsque

falls met within this arca arc Mossy frlls ~né “hatta falls.

Mossy folls—

Lt a distmce of about two rilcs SSE of Landhour‘

Clock Tower, thc Rispana Madl rosscs throurh a nurbcr of sten

-



s
fallse The hirhest of therm is 15' in hcights Vater discw
harged'is.small gnd causc'only‘a narrov sﬁrcam during low
water pcriods Thc country rock is limcstonc, which is hiphly
jointed. The nost promincnt’sct of jointing is running
in thc'dircction 1 40~2204 This direction 1g parallel %o
the icdgc of thc fail.'Thercforc, it inﬁidatcs that fho
£all has becn cdl scd by thc ronoval of a rock-block aiong
the aEOVC mentioned joint plsncs Sirmilar rcroval of other
blocks, along this sct of nar~1lcl joint=nlancs, night havo
given risc to the scrics of stop frllsy

Thé sdarplct aoross which the strcam coursc is falling
is 15 foct in hcight and 25 fecct in widthe The water falling
vcrficnliy downward has corrcdcd thce w-o1ll-rock ~lonr its
courscs Throc such verticnl cuttings nrc sccn on the wall
of the scarplot indicatc the shiftinc of thc £all at difforont
stafcSe

snother notable fe~turc of Mossy fall is that the side-
walls of thc down as wcll as the uppcr chonncl arc in
the forr of an arch (Fir.5)e. It sccris that nrcviously this
chonnel wns an underprroun? cavern, whosc rocf has now

fallen tc forr an open valleye . ot v o7 <ioiday

Dhotta Falls

L scrics of sirilar s~r11 step falls is located nenrly
a rile an? a h~lf west of Thatt t-11 chccking barricr and
is known as Thatta fallss Thcsc fnalls heve ~1lsc been en~used
by thc rcrioval of thc rock blocks nlong joint rlancsa Tho

f~1ls thourh not very hi~h arc cxtrenely sncetneculars Tho
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woter frer these frlls is uscd fer producing hy ro—

clcctriecity.

PL.NM CF THE DPRESENT WCOLRK
LD ITS COMTRIDUTICN

Tho objcet ~f the nrcscnt work wes to study
in dctnil, thc gcology of the south=castcrn Mussooric
arca ancd on its basis n? ~n thc basis of nthcr av-ailable
datny to asscss thc scismieity of the rcrionst The problen
was tackled in a thrce—=f~1cd manncr vize o larsc scnle
ronning ~f the arco,y the stuly ~f the rock s»ccirens in
the laboretory on? c¢o2llceti-ns of d-t~ rerarding the
cornonccnent of cartha ckes in the Mussocric-Iajpur ~nd

surroun’in; rerirnse.

The fcrl-ziec~l narring of the ~rc~ wos carricd ~ut
on 'Bight Inch Mussc-ric ~nd Lancheur Guicc Map! prcparcd

by thc Survey -f In“ia in 1946+

The trtal ficl? w~rk wns of twe renths Aur~ti-n ancd
was cnrric? ~ut in tw stnrrcsy cnch tire followed by labor—

atory stuicse

Maxinur: flel® 2atn were ¢~llcetcd within the linitoed
tirc allnttc” frr the ficl® w-rks Erphasis hns bcen riven
t~ riark the v-aricus 1lith~1l-ricnl b-un’~rics with thc rrcqi-
cst nessible nceur-~ey. Cver 300 rock specircen werc c-lleeted

“urin—” the field weorks:
M~rc then 25 thin scetl ns -f the rock sr-cirens
were stu’ie? undcr the ier-sc-rc.e L fow nolished scetirns

were cxnrinc? un‘dcr the orc riernscope t~ stu’y the
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nct~llic nincr~ls wresent in ~ fow rockse The MrQ0/Cn0 riti-
~f 15 *-1l-rit¢ ~n? li~cst-nc sncceirnicns woirce JQctcr-inga

by thc rcth © £ EDTa ﬁitrqtiop e M "cl ~n~lyscs f tw
bosic r-ck s~~rlcs wirc c~rric? ~ut by Swift P int Cruntor
rcth~?.

Durins the st~y =t th- ficl?, thc ~uth r c¢-llcectec
infrrati-n ros~riling the rceent t-rthoukes folt in the
nrcos The inf rrati-n ~bt-~inc ! fr-r the n-~tives ~f Mussn~ric
were token “ocwn n o2 tebulated £orr sun-lic by thc Sch-~1
~f Li¢sc~rech ~n” Tr~ininr in Barthquake ®n:inccrinee These
w~rks “7ne “urin. thc prcscnt inv. stiy~ti-n rcsultc? the
£f~11 wins e ntributi-ns t- thc »rcvi-us re-1-rical w rks
r~7¢c in the nrcn.

(1) It g~ve ~ larrc senlc ra~~ine ~f SE Muss-~ric
arc~ which “iffcrs, cssentinlly in fcw rospoet,y
fr-r the existing re-1 ~ic~l rans ~f thc ~rcn by
Lulcr an”®  ther subs qucnt w rkcrs.

(2) Thc Kr 1-Tal ¢ ntact which wns ¢ nsi’crc? s- f-r
28 o plnc ~f unc nf rrity , h~s bcen £ un* t  be
c'ntret f “islrc~ti-n ~t lc~st ir thc ~rcscnt
ATC" »

(3) L revisi n wes vin7c in Tost _et £ the hithorte
kn~wn "Up»rcr Kr-1ls" ~n® this f. rr~tin h-~s n~w bcen
“ivice? int tw stn-cs thc Un~cr Kr 1 lircst-ne
N’ the Urrcr Kr-1 D 1-ritcse In ~77iti n t +the
ficl? eharacteristics Mr0/Ca0 rnti- ~f the r-ck

wns frun” t  bc thce » st sntisf-ct ry basis f-r



(%)

(5)

(6)

....10..‘,.
this cl-~ssific~ti-n.
The -“ccurrcnce f barytcs is bein renerte
f r the first tirc in the ~rc~. Thesc barytcs
~ccurrcncc th urh »r bably n~t ce n —icnl
bcecrusc ~f its small sizc ~n” 2-or qu-lity,
noy be intecrostine fro ~encric point
vicw in rcsrcct t0 its rencsise
The truc n~turc - f the irnc~us intrusive w-s
worke? -ut in the ficl? ~n” it w-s f-un” t

bc -~ trosrressive sill.

The structur~l ~n” thc ~v-ilerblc scisric “atn
were ¢ rrcl-tc’ ~nt it was ¢ nclu’c’, n this

basisy that the scisric foct r h~s t- be ¢ ns-
i'cre” ~s an irp-rt-nt f-ct r “urin- the
Agcsignins ~rn' ¢ nstructi n £ Any mnj-or

structurc in this rc~in..
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CILLPTEL. IT

PLEVIOUS WCIKS I MUSSOOLIE ANML OTITTL

T W - W

GEQLOGIC,LY LALLTTD LiJLD

The lowcr Himalayas have boen “rawing th: attention
of thc gcologlists sinec past scveral “cca’cs owing to their
structural complcxitics. 4 nurb.r of cxpclitiors have becen
ma”c in s.veral parts of tiris rigion Inclu’ing the arca un'cr
inv:;tigation. An a” 'itional g.ological intcerost in Mussooric-
Lajpur ar-a has been “uc to the proscnec of high gra’c linmc-
stonc an® rmarblc ‘cposits. As £ resuvlt, a nunbcr of geologieal

works have beew carric” out ix the arcae

Mc~licott (1964) was trc pionccr worker in the lower

Himalaya s whe stu’ie” th: gecology brtw cr. Lavl an’ Ganga riverse
He has ma'c a passing rcf rencc to thc Mussoorii--Nchraun
arCae

He elassific” the pre=—t-rtiary forratione of lowcr
Himalayas irto two broa™ groups an’ gave th. fcllowing s.qucnecs
Krol
Infra Fyrol

Bloini

Timelsyan Serics Infr Blaini.

Unm~.t~morphies

crystn~lline an”

. h :
Mctamorphice= sub-crystallinc rocks
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01 han (1883,1888) carric out gcological
investigoations ir the Chokrata Toheil of “chr~un “istrict
an” in rcplon cxtensling upto west of Tons rivire T wes
conccrns . chicfly with the Blaini rocks to which he suggeste
a glecial origin an? show:” its cquiv~linec to Talchir

scrics.,

Mi“7"lcmiss (1887, 1890) carric” out “eotailcA
survey in scvcrnl ports of lowcr Mimrlnyas on? cst-blishe”

[

the scqucnes given in the followirg t-blee

TABLE T
 Qub-llimnloynas

ummulitie

Tol
OQutcr Torm~tions
Purnlc sl-tc

Volc~nic Brcecin
Schistosc scrics

Inncr Form~tions
with intrusive

Gricissic Gr-nitc

Mi~"lcmiss notc? the prescnec of "ol cr schistosc
rocks with fatrusive gnelssic gr-onitc (ol cy rocls) c~pping
thc highcr mount-~ins, surrounc” on ~11 si“cs ~n" ~t o lowcr
lcvel by unm-tomorphosc”® (youngcr) rocks; inclu”ing lircstonc

on” Yipping townr”s -~n” un“cr thc schistogc scrics " o Bub
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hc wns un-blc to givc ony sntisfrctory, cxpleonntion for

this rclation bectwecen'Inncr! ~m” 'Outcr' formntionse

Pilgrim an” West (1928) carricd out n “ct~ilcd
survcy of gimlo arcae Thoy “cnonstrater for the flrst tinc,
the prescnce of nnppc structurc ~n” ovcrthrust with inversion

of the strats betwoeen Sinla ond Chakrotas They classified Krols
into six stages and Tals into two starcae
Au'on JeBe (1934 ,35,37 442) — The work of Pilgrin

an® West wns subscquently continue” by Au'en (1934,1035,
1937 41942) to covcer the lower [inmnlayas betwcen Gambhar ~na
Jomunn riverse His fonous work on the Krol—bclt wns publishe?
in the yonr 1934..8oon aftcr hc publishe” ~nothcr v-pcr (1935,
on thc structurc of Gorhw~1l Himalryn~se T-csc works of Au‘cnn
Acseribe? the structurc of G-rhwrl dinnl-y~.s IIc¢ showe” that
this rcgion ecmsists of fw rammcgtlc Krol—~"~npc " the
GorhwnI-Zappe ; which hnve becin thrust over the youngcr rocks
in thc south—west.

Following t-blce shows the lithological scqucnce

of lower Gorhwnl Himnlay-~s, cnst of longitulc 78°L ~s worke?

out by Aulcns
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TABLE Lo

Formations Unconformity Aoproximate  Probable age.
: maximum »
thickness

Siwalik 16,000 ft. TUo Miocene to
. Pleistocene
Munee alrost
absent east of Lower Miocene
long. 78° ‘ '
Fummulitic | : Eocene .
N YALSRTIRIRY o VEVLIY L VL I .
Tal limestone and 200 fty TUp Cretaceous®
Calcgrit.
. VAN o ALY NN o Y ARV V)
- Up . T”l 4;500 £t . Cretaceous?
Tals : quatzite.
Lr. Talshales 2,000 ft, Jurassic.
( Up. Frol-Dolo™
% ~ mites L.St 3,000 ft+ Trigs.
and S-ales .
Krol (
é Krol rad shales
Lr. I'rol L. &%, 1,000 ft+ Permian.
( and shales. C
( Infra Xrol
(  slites.
Blaini (
( Up.Blaini Bou-
( 2der bed and
E - dOlomth . ERATA ALY 2 7(\CO f,t . Talchir
( Blaini slates. (Uraliam)
( ll‘ . 1318.:‘ ni
( boulder bed
— SN NS N INA s
Nagthat Se \ 3 yOOO ft« Devonian?
ATAAY A NS4
Chandpur. 2,000 ft. Lower Pataeozoic
' and Pre--cambrian,
Sinla slates
(nossibly equivalent to the
Chandpur series although
different in lithology..
Dolerite. Late Tertiary.

Mote - = Non conformity. VNV VEYIVIVN :Unconformity
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‘uden has classified the lower Gerhwal Yiralaya

into three tectonic units viz.
(1) "he Autochthonous Unit.
(ii) The Krol Manne, and
(i1i) The Garhwal Manrte.
The tectonic map of a vart of the Garhwal Himalaya
relevant to present discussion is given herewith (Map—-3).

A representative section is also gilven (fig. 6).

Autochthonous Unit—

The base ¢f the Autochthonus unit is orobably the
Simla slates seriésg overlying which occur MNurmulite, Mupees
ond Siwaliks. A series of thrusts occur within this unit most
important of which 1s the rain bound-ry =ult. This sevorates
the Siwaliks from the zone of Sirla slates,; vhich underly

the Nummulitic and oither lower tertiary str-ta.

Krol MMgppe=—

The Krol Varne, wilch in CGrrhwszl ares involves not
only the XKrol series but also ths underlying RBlaini,
Nagthats and Chandpur beds as well .s the overlying Tels,
is made up of an uninverted scquence of over 20,000 feet
(6,100 meters) of strata. It is bounded below by Krol

thuvsk which has brought thgﬁ:ock over the Autochthenuos uvnibs -
The Krol nappe itself is folded by later disturbences which

have foliezted the Krol Belt. Culminations within the Krol

belt have exposed Simle slates in Bidhalna and Pharet windows
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wvhere these are unconformably overlained by marine
Eocene rockse Krol thrust, which is widely separated from

the Main Boundary Fault , west of Mghan, transgresses south-

wards in the east and finally overlaps it .

Garhwal Nanpe—

The Garhwal l'appe 1s supervosed on the Krol Napve,
the relations being such that the rocks belonging to the
underlyir.g Krol Mappe corvletely surround :he older Paleozoic
metamorrhosed sc’ istose series of rocks of the superiwmcumbent

. . . M ey
nenme and dirs below them in a centrinetsl Edimelays, vhere

the rocks are more metamorphosed and inc’ude a distydhet group

of naragneisses and schists.

In Gorhwal tlie Krol—belt 1o0cks are exnosed in the
forim of two huge sy 'c'ines with: the intervenirg anticlinal
belt exnosing a cormplicated gsserblage of Tal and Focene rnarine
sedimentse. The larger of the two synclines is the Garhwal
syncline which is en echelon with the othery that is, the

Mussoorie syncline.

The syncline stretches east—~west between Kalsi--
Chakrata and Hunil river in Tehri—~Garhwal. The geological
mgo of Mussoorie—~Dehradun area, as given by Auden (1934) is
enclosed herewith (Map—~4). A geological section according

to Agrawal (1964) is given in Fige. 7.
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In the year 1939 fuden vaid a brief vislt to the
marble deposit in upner krol limestone of Mussoorie. He
estimated the rescrves and discusscd the utility of marbles
for the manufacture of calcium carbide+ He suggcsted
metasomatic origin for these devositse. Auden confinued
his study afterwvards and in connection with the Jamuna
Hydro~clcectric Scherc he discussed thc seisricity of the
Krol bclt« fccording to ruden (1942), the Krol thrust has

been active in gcologically rccent past.

Krishnan and Swaminath (1959) have rcforred to an
carlier work of Boilcau; carricd out in 1854 in Bilaspur—
Mandi and Kangra Dharamshale arces. Lccording to them,
Boilcau considcred the Blaini boulder becd as cguivalent to
thc Kairmur scrics instc~d of the Tol chirs ns suzgested

by carlicr workers likc Oldham and fudcne

Nautial (1954) visitcd Mussooric Rajpur arcas in
1953 and submittcd a rcport entitlcd "L Geologicel Report
on the Mussooric—Dchradun M~rblc quarrics with particular
rcfcrecnec to the hill slopce™e He ndviscd th~t 2t ccrtain
placcs the quarring should bc stopped bececuse it is causing
unst~bility to thc slopcs which mry bc nroved hrzardwous

to thc Mussooric—Rnjpur Motor roade

DeReSs Mchtn, Murthy -~nd Vsrshirhan (1959) invcsti-
g~tcd the high grndc lincstonc dcposits of Dchradur
Mussooric arcces They hrve given in their worky o brief nccount

of thc physiogrophy and geology of Mussooric nrcne
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R~vi Pr-k-~sh (1958, "7GQC) rzvis d the work of
fht~ (t ~1¢ nd invistignscd th continu~tion of the -ntirc

m'.rbl(' Delt e

WeMcht s (1962) hns disaiss.cd the naturce -nd origir
of Krol thxust. H» crre 50 the conclusion thot the Krol *rpnce
hns becn brourht to its rrcsint nosition hr provitotionnl

rliding .

R~%1 nnd Bh-ttnchary~ (J9C2) h-v -~uRlishcd » napcr
on 'Thc studics of thc ingoluhle rrsiducs ~rd other zcoe™ <~ .

studics on the ¥Frol roclks'".

Mithel ond Chaturvedi (2°23) 7 170 thie Syrmosiur
on Hirmaleyan Gecolesy held -t C-lecutir 1 Ceb~b-r 1763 rehorsk- v
the occurrenc. of nrob-hlc =171 giinctur: i £™c Unncr Vro!l
linestonc of lMussooric.On the m-sis orf mornholo<vic~l studicse
They hove concluded that the structurcs could belung to

Collonin e«

Srivastove (1963) duiing the ~bovs rentioned syrmosium

reported o fossil Inmcllibrancir- Posidonils from Lowcr Tedl ghe

of Mussooric =nd surrortcd fuden's view regnrrdin~ the Jurrssis
anc for this bed. NDuring the sgorc syvimosiun she revorted tre
occurrence of vhosoh~tic nodulcs within the sh-lcs of lowr

Tal beds of MMussoorias

Gomsscer (1964) «mil- Ai-cursine thrc Krol—Tn

succsssior 3 hrs obscrved thers the Krol s~iice ie Aivisible

- & [



into five distinct members vize Kyol Ly B35 C D and %
Regardirg the Blaini boulder beds, he agrees with the

view that they should be correlsted with the Talchir
boulder beds and their tillite nspcet is undisputcde

Lbout the Krol=Tal relstionship he has observed VAfter

the deposition of @Galcereous Krol Scction, a striking
change in deposition took place; »né¢ the younger beds
consist exclusively of detritn~l, rostly quartzitic rocks....
there con be little doubt a2bout their norral strotigraph—
ical conteet it the underlyving liriestonecss The detrital
sedinents have becn called the Talssesess Denling with
the krol thrust s hc hrs obscrveds '"Nane of the Krol thrusts
has actually been formed through large recumbent foldseeees
We actually havé to deal with proper thrust sheets and not

recumbent nappes."



-0~

CHULPTTR TIT11

GEOLOGIC.,L SETTING OF THE LRE.L

The arca under present investigation constitutes
a part of the Krol-beclt. Structurally it is o vart of the
-7 1imb of Mussoorie syncline whose axis nasses through
Toneta forcst, Landhour Cant, ond Bataghat c¢tce This 1linb
of Mussoorie syncline in itself hes been refolded into a
nunber of anticlines and synclines sevecrals of which are

noted in the present arcn.

The rocks exposecd in the area belong to Infra Krol,
Krol and Tal scries. The scjuence as worked out on the hacgic
of the lithological characteristics and the structural roli-
ionship of wvarious formation, 1s given in the following
tables

TABLE W o)

Designation Lverage Lithology Correlotion l.ge (after.
thick- vith stendard Auden)
eSS e
L 2 3 4 2

=

Upper Tal Over 300' Siltstone and Upncr Tal Cretaccous-
(9 .15n) quartzite

Lower Tal 2,000 Calcareous Lower Tal Jurassic
( 810 m) cherty and
carbonaccous
shalese.

Tal thrust -——-— wUnconfornity s~

continued -



1 2 .3 | 4 s
Upper Krol 5,000 Calcareous
Dolomites e ( 1525m) Dolorites and Krol D )

shales g Trias

Upper Krol 600" Lincstone Krol C )
limestones - ( 182 n) and marble
Krol Red 250" Rﬁﬁlomred Krol B )
shales's shalese ) Pernmian
Lower Krol 300" 8lpty shales” Krol L

and Linestone

Infra Krol over 200' Phyllitic shales Infra Krol— Talchir
| (Uralian)

The lithological and structural maps of the aren
prcpared during the oresent investigation and a few typical

sections are enclosed in thc back envelop.

The Infrz Krol Scries.

Tnfra Krol forns the base of the overlving Krol
serles« It consists of dark phyllitlc shales with thin
varve—like bands of slaty quatzite. Owing to their highly
incompetent nature,; these formations have suffered intensive
crurpling « They are traversed by nurcrous veins of qugtz and

crlcite criss—crossins cach other.

The Infra ¥Xrol beds arc folded together with the
rocks of the krol seriess The exposures of Infra Krol are,
thercfore s repeated in the arca and occur at two places in the
south—western corner of the area ~nd again ncar the electric

powcr housce
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"he Krol Scricse

The Krol series conformably overlies the Inrra
Krol formation. On the bagis of lithology and other fiecld
characteristics the series con be divided into four distinct
stratigraphic units viz. the lower kXrol, krol Red—shales
Krol Limestones and Krol Dolonites. First three of these
units corresnond to Krol L B and C respectivelys The last
unit=the Krol Dolorite is probably equivalent to both tre
Krol D 2nd © stagcs torfether, which due to the lack of any
diffcrentinting charecteristic and rradational lithology

could not be separated in this area.

Iower Krol— .

This stage over’ies the Infra Krol and consists of
rapidly alternating bands of slaty shale and limestone. The
shales are of earthy colour and c-lcereous while the Le St
is fine—grained, dull, bluish~dark—grey and clayeys Thickness
of the bands varies from 2 cnm to 10 cn. Owing to their high
degree of cleavage = schistosity and the intensive jointing
the shale disintrigrates into pencils and needles 1like
fragnentse. flong the joints the shnales have been trsversed
by calcite veins which have followed the joint planes and
thus, give risc to syuarc, rhombohedral and rectangular

patterns. S»g3ll scale nuckering is cormone.

The lower Krol formetion is exnosed all slong the .

S=¥ boundary of the areay but its best exposure sre found on
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the Mussoorie-Fajpur notor roads along which the lower

krol outcrops are net twice due to the fcldinge

Krol Red-ghcles.

The lower Kroi formation is o erlgin by Krol Red Shales
which are soft s thinly laninated, purple-red shales with
blotches and intercalations of green chloritic shales These
are closely jointed and shcared to such an cxtent that it is
difficult enough to obtzin proper hand snecinens. Owing to their
incompetent naturc [ the original bedding of these shnoles

have been obliterated.

The Krol Red Shales show the magxirun effect of folding
in this area. Due to the highly incompctent naturc, of these
shales; not only the oririnal beddin~s havc beer obliterated,
but also the beds pinch out due to the south western folding.
With these shales are not exwnosed between Kalukhet and
Mussoorie~Rajpur Motor Road, a distance of about two furlong
(800 meters). The width of the outcrops incresses eastward
fron Kalukhet as well as westward frorm the motor road. The
maximun developrient of the krol red shales is seen in the
vicinity of Kiarkuli Madi, where this formetion atteins a
thickness of over 300 feet (815 rcters). Good exposures
~re seen on the feece of the escarprient along tihr ripght bank

of Kiarkuli !Tadie

Unper Krol Lirestone—

Overlying the Krol Ré&—shales there is a sequence of
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black, dark grey tc palerrey limestcnes, we~thecring to
large blocks with broad surfaces and very often giving a
sulphurous snell on frcshly broken surfacess The lirestones
show varying degrce of recrystallisation and arc high grede
limestone in corposition havins Mg0/Ce0 ratic less than
0.2. Within thesc¢ limestone fornesticns, however, there are
strecks and pockets of highly riagnesisn limestone (Mg0/Ca0

ratio about 045).

In the basal part of this limestone formation therc
is a discontinuous shale band which is lenticular in nature
and frequently show pithing snd swelling behoviours This
shale band is often in dircet contact of underlying Krol--Red-
Shalese The shales of Loe?r Krol—L.Ste stage roscbles to o
gre~t extent with the slaty—shele of Lower krol, but are
softer and heve less developnent of cleagvage schistosity.
Such shalec bands are exposed ncéar the Jharipani Toll -bar

as well as north-wcst of Kisrkuli Nadi.

The totel thickness of krol L. St. starc is over €CC
Thickness of the formotion is n-arly constant all oJon~ its
strike. The top—most portion .7 this store sradually rredes
into a crypto-crystalline white coloured narble. Ch-rically
it is almest a vure forr of crlciur carbonnte; and is suitable
for a number of industrial purposcse It takes gocd polish
¢ would heave heen an cxcellent rarble for stetuary purposcc
were it not so highly iointed. Closc--spaced dfointin~ is

universal and hence it is imwpossible to erbtain slabhs or well
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shaped blockses Bzdding is very rarely obscrved in the
ri~rble, the divisional planes being joints orlented at
various anrlesy The narble grades grndunlly
doymwards ~nd no sharp boundary cen be drawn between the

marbles and the rest of the Unner Krol Limcstone stages

The marble bgnd has bcen traced ocut from west of
Kiarkuli water—fall to Jheripani along its strike. It 1s
well exposed across the Kiarkuli Nadi, nt Bhatta, and north
of Kalukhet water supply. Further cecast-w-rd, after getting
folded, the band starts narrowing and seems to thin out necr
the Ogk Grrve School. /L1l along its exposure the rmarble
together with the othcr pure limestone of this stage is
quarried by private owners. Important quarricc situated
within the area are Lachhoman Das quarry ot Kiarkuli, . «Deans
Bhetta quarry and a Maulass Quarry at Jaripani. The limestone
and marble is quarried rainly for flooring purposes but the

nmarble is also utilised in sugar refining..

Unrer Krol Dolomites—

The Krol limestone stape is overlain by a thick
succcssion of doloritic linestone bcds wth-dintcresdations
ef—delaomitic limestono-beds with interepalations of v-rious
typcs of shaless The planc separ~ting thesc two horizons
can be sharply traced in the field as wellns on the tagsids
of Mp0/Cal0 ratio—the ratio ncver exceeds o1 in Krol lire—

stcne whereas it is over «§ in Krol Dolorites.






rig--8 An overturned fold in the dolomite and
shale formations of Krol seen near the
Kinereg bus stands Sectiongl view

Fig—-9 .. fault betwren thickly bedded dolomite
and dolorite—shele bands. Seen by the
side of }usscorie—Rai~ur lotor road,
near Bhattae
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The low:.r snd upper parts of the Krol dolomites
corrcsnonds to Krol D and ™ stapges respectivelys ! specimen
from the lower most horizon of Krol dolonmite can be disting-
uished from that of the upper-most part but the chanre 1is
so gradual that no dividing plane can be drawn and hence it
as

is better to recognise the wvhole successiory a single strati-

graphlic unit.,

The lower—riost portion of the Uvnver Krol Dolomite
stare is cormosed of loosely consolidated fragmentary limestone
together with powders carbonaceous~argilacecus material
(Photo 1"0.8)s In its extension this horizon is fairly cont—
inuous outecronine all alons Fairlawm,y Bhatte and Kiarkuli
etce The thickness is over 80' (2444 n) at places. The rocks
have been traversed by nunerous celecite veins (photo —9) and
there arce no traces of original beddingsg.'lithin this horizon
of fregmentary dolomites; there are pockets of compact and
messive dolomite which have preservcd the original bedding
planese« The unconsolidated loose material 1is quarried

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

This unconsolidated carbonaceous dolonite
formation grudually srades upwards into a massive dolopite.
Lenticular bands of wvarious tyvves of shales are found within
this horizon. The shales are of various colours like pinkish—
brown  buff, blulsh—=grey and red. Colcite vein filling and
other cavity fillings sre commonly seen within this horizone

Tiny pockcts of gynsum (alabaster) is{ ound at few placess



.,In the gbsrnce of fossils o exacht afc ¢n he
assirned t.- tr« Krol series; but since the Krol srcrirs is
in conformit:r wvitl the un—er carboniferous Mlaini sericsg
it anne~rs to represent the Pcrrmiarn =and probably ~lsc the
Triass« The Blaini serios.and th- Krol Series torether thus

corr.svond to the Lr. Gordwanas

Structures in Xrol Seriese

The XKrol serics represents a huze seouence of
univerted strataes The gcnersl Jip o¥ Krol formeotions is 30°
to 60° due MEy which is thr recncrnl din Aircetion of the
S—Y limb of Mussoori~z syncline. Frc-~ucnt inwvers-l of din
direction heve been caused due te nurher of folded structur-s

formaticr: B
in the Xrol dincludine infraKrols ). irong sce of %4e

immortant and carmareatively mojor fold structurcs, rct within

the areas rmention way be made pbout the followinrs:

le 4 counle of anticline ~n” syncline ir tbhe Toirl-r=rPorx
louse rcrion in the soruthern »art of the areces

2e L counle of anticline ond syncline nrar Bhattae

3e A major synclinal structure dues wcst of Barlowiund.

Lo i articlivre south of Mite 2l 5 ~nd

S5« Ln onticling norti~west of llmckinens Road,

The axcs of the first fcur foldincs ~rec nornal
or oblique to the axis of the main Mussoorie svmc’ine,
where as that of the 1-st rentioned is varsllel to thig
axis of Mussooriec syncline. Secticn 2longh-3 (enclosed

in the back envelop) well renrcsents the first four cf the



.. peculiar stromatolite=lik: structure (described in
Chapter IV) is found develoned at a few places within
thcse dolomitcse The stromotolytic structures are scen
neai Brookland, St. George College ; Kinaag and a few other

places.

Totél thickness of the massive dolomite horizon
is over 2,500/(7625 Me)e The bedding nlanes crc obscure
in ths nessive doloritess Howevery, the intrecated shele
bands show well preserved beddinrse. Joints arc wicde sprced

snid not as frequent as in other norizons of thc arca.

This massive doloritc hordizon is well exposed all
elont the 3rooklands, the Thobighat villsrc and Mackinans
Road etc. This horizon shows unward gradation int> a banded
nicrocyystall ‘ne doleonmite with grey to cream-whitc bands

bimparting a r=ther well—bedded nature t~ the rockse. The
bands =re 25 cme. to 1.5 weter in thlcknesse. The inter—
calation of shales becore less cormion. In the unrerrost
porti~n it is cherty end porcellencous in aprearance and

form rurged toporranhy.

With the exception of norobeble algal structure )
(stramatolites?) , the artire krol series was found to be
cormpletely baren of fossil. fetually it is an stranfe
that thrsec frrmations "erdnently adopted teo nrescrve any
entombed orrenisms s arz entirely barren. of fossils'
(Wadia, 1952)« It seems that thc basin of denositicn was

far fror favourable for the habitation of orgenismnse
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- In the absrnnce of fossils ro execht agFc cn he
assirned to the Krol series, but since the Krol serirs 1s
in conformity with the un-er carboniferous 3laini sericss
it apbeﬁ?s'to represent the Pcrmiar and probably ~lso the
Triss. The Blaini series.and ths Krol Scrics torcther thus

corz.spond to the Lr. Gondwana.

Structures in Xrol Seriese

The Krol serics represents a huve secauencc »f
univertec stratae. Thwe gcnercsl Zip o¥ Krol formations is 30°
to 60° due NE, which is the rencrol 4Air Airection of the
8—-Y 1imb of Mussoarics syncline. Frec-ucnt inverssl of Jdin
¢irection heve been caused due tc nwher of folded struciir~s

formatin: .
in the Krol dincluding infraXrols ). irony sov e of the
imrortant and corparetively mojor fole structuras, ¢t within

the area, mention = way be made sbout the followines:

le . couple of anticline ~n” synclire in the Fairl o Py
ouse rcrion in the scuthern naxt of the areas

2e¢ L counle of anticline ond syncline near Bhastae

3e L major synclinagl structurc due west of Barlowsiun].

4. sl articlire south of +Mite o’y ond

Se In anticline nortih—wegst of li~ckinans Roady

The ~xcs of the first four foldincs ~rec norrne
or oblique to the axis of the rain Mussoorie swnc’ine,
where as that of the 1l-st rentioned is varallel to the
axis of Mussoorie syneline. Secticn alongf—3 (encloscd

in the back envelop) well renrcsents the first four ¢f the
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ocbove rentioned foldins structurese

Poldin ir. “outhern P-~rt.

The foldinrs in %the southern nort of the ~rea has
aoffected 21l the rock forr~tion richt frorm Infre Krol to

Un~er Krol Doloritos.

The folding has affectcd the trend of the cutcrops
os shown in the geological nap of the 2rea,; enclosed in the
back envelops Llong the foldinme the Yrol Red Srelc formation
has sufferecd flowagec ond orec, theicfore, missing frer the

RIS

arca which has suffered folding.

The folded charocter of the rocks is well cxhirited
on the Rajpur-Mussooric Road. 5 onc rvoves terrords Mussoories
the dip cv-rage 30° duc 7 207 ir *he southecrr nart < the
arcr nmainly cormprising of Lowcr Krolse. "he outcrops of ¥rol
Lirestone also follow the ssrme din for n--rly - furlon~ and
then suddenly the din chenres to 407 cduc Se This reversal
rarks the ~xis of a syncline runnin~ ir roughlyvy  TI"E-WSW.
Further north, the outcrons of Lower Krnls ~1¢ repeoted
with the similar southuwrrd dine St a nlace duc e~st of the
Pover ZTouse where the road cuts ocross the Siv-la Khalay the
lowver krols show a further reversal nn” sre thrown into an
snticlinal fold with the dip chanring o 7C° Auc e The axis
of this anticline is alrost parnllel to that »f the syncline.
The =xis of the folds extend frorm west te east in the entire
southern portion and subsequently all the Krol formation

are affeccted.
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Folding nioy hnttiot

mcldine nesy Bhatta hes 2ls> ¢ used ~ c~unle of
anticlinc ond syrnclines Both of these felding structurcs are
plunging annroximetely 25°¢ TNIe The anticlinc hos heen eroded
to an snticlinal valley throush which thc Bhatta Khala has
taken its coursc.
Syncbne weat O# @ avlgw yuny

of the aren
L portiondwest of Barlowgunj Basrr -nd east of

the Bhatta fnlls is in the form of a najor synclines The
1imb of this syncline divns 70" due '20Q «heress the northern
1linmb c¢ins B80S Jue "200. 'his syrclinal ass has foried a

highlande

rurther north of the above rentioned syncline,
there is a nluncine asyrretrical anticlines The northern
1imb of the anticline is dirninsg 70° due V20 wvhereas the
southern limb dins only 25° cdue ™ 16C. "orthcrn lirh of the
fcld has in itself been refolded. A nortiorn of the anticline

has been eroded and hes given gy to the "alanani halge.

AvticLime wean Mash mamns yood
The folding west of the Mackinans rracd has given

rise to an anticlinal rill, good sectional vicw of which 1s
seen along the road-cutting near nilestone 3+ The anticline
is nore or less syrmetrical, with the dins of lhe two lirb

being 6C° due 120 and 70 due ¥ 200 resnectively.

In ad ition % . the hove rentioned falding struce:

tures s she rocks show nurerous :inor foldivoco f “he n1coe



mglr—.
In contrest 0o the ~gior foldings a fevw of the rinor
structures have suffered ove rsurned foldingss. Geood out—
crons of such overturned foldins are seen glong the road

cutting near wineraz bus stand. (Firs3 )

Faulting.

There is certain to he censicderahle {faulting with -
in tne Xrol forretions. But the mgnning cf th- faults is
no*t eagsv on -ccount ~f tre lees lithol- lcal voriation ond

the gen-v2l laclt of striling "andse.

e

. fault ; however, mas heen rccopriged iust north

»

of the Bhatta villagee. The sechtionagl vlew as seen along road--

cutting has beer given in the fisure T

The fault rlane is dinning 707 due "« Faultine
has brought two rockstypes of Xrol Dolomite stage in ‘uxta-
potion with each others. On the hagnginre wa?l side there nre
thickly hedded dolonites bands,y whick ore negrly horizontgl.
On the foot vell side are alt-rnate bands of shales and

dolorites The throw of the fault could not bhe deterrined.

Jointse

Krol forrations hove suffered intencive jointing.
More than cre set of Joirtin~® con be geen alwcst at every
outcrop of these formgtions. ‘owever; highest intensity

of jointing is observed within the lower Krol, Krol TLed



shales an? in the rarble bands (Photo Yo.10). In these
formations the sn-cing of jointing 1s as close os a
fraction of a centimeter. The upmerrost horizon of the
Krol formgtion have alsngigeﬂsively iointed but the
intensity of io°nting is roderste to low ir the niddlc
portione The most important set of joints din 70° to 80°
due N210 to 225 other immortant sets are 10¢ to 40° due

N20 to M40 (bedding joints) and 60° to 70°¢ due M130 to
M 140

Slaty Clcavate.

Slaty cleavare is scen well feveldpg@ vithin the
shales of Lower Krol and within that of “lie basal nart of
Upner Krol lirestone. .t nlaces 1t is also seen developed
within thr shales of Krol Dolomitess In rost of the cases
the schistosity nlane (So) is parcllel to the bedding plane
(81) s but there gre cases vhen “hr strike of the schistority
plane 1s sarne as that of the bedding vlane, but the amount
of dips vary «Such variation is, however, srall and the

maximum differeciice is 20,

THD TLL SYRITS

Krol series is overlained by Tal serles- a scquence
of various types of shales, siltstones and quatzi*es. "he
nature of the contect of Tal with Krol was founr of rwuch

interest frc: structural nreint of view and hence is briefly
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described below:

Krol— Tal Contnct
(T~1 thrust ?)

The contact between the Unner Krol dolomite and
the lower Tal shales does not seem to be normale. Previous
vorkers have rerarced this conﬁact as unconformity,'but the
nresent work has indicated thet this ccntact is nore like
a Taulted or rore correctly a thrusted contact, where there
is a relative noverment between Krol and Tal Formations. The
foult. dips 20° due I 20°E; 1n fgeneral ,glthough in a nortion
of the area the thrust nlane is folded and dips 40° due
8 20¢ W, ™is fnlding has exnosed the underlying Un»er Krol
dolorites in a nerrow belt extending perallel to the strike
of bedse. Therr are seversl indication »f the contact between
Krols a2nd Tals Deing a tectonic one. Sore of the important
field observstions which may be sited in surnort are the

following:

(1) Intensive crushing is noted 211 along the
contact . Both the rocks of Krol and Tel
fornations heve breccisted and crushed fron
sr:all snpgular frarments to fine powder (fiz .10
Photo 11)+ 'Jater scepope 1s corrion glong this

crushed contact plane.

(i1) The contact surface 1s irregular. Its dip
at nlaces differs fron the dip of the Tal

and Krol bedss Near its south—western
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(ii1)

(iv)

— 3
extre ity the c-ntoect 1-ne »~s heen folded
irte 2 syrelite ~m@¢ ~ - ticT i e. Tone of
ol and Tel loropbi~ bi-te erer gffected with
this folcing. The crcst of the ?ﬁpicline hes
been eroded ex~osinc a norrov track of
Krol formgtion ir “etween the exmosure of Tal

Forrstions fror Thobighst to *oclstok College

anc further exterding beyond Tehri Pos(.

At a few nlaces ~here the c~mtnct plane is
folded, it is nonte? “hat the “eds, both beloy
and above the ¢ rtrct nlane have changed their
origiral oriertrtion rerr the contact. An
examnlé?éuch feviati~r fror orieinal bedding
din is seen ne-~r corrony Theds sectional view
of which is <iver in the figure 0412

nis devigtion surgestsipspring =2long the
contact s
Teer the contect minor thiustir ' is cornnon
both in Tal end Frol forrgtionse Such a minor
thrust is well exposed or the Tehri Road, near
Landhour Bazar (Fige. 11). The foregoing obser—
vations indie-te that sore rove-ent has taken

plece along the Frol—Tal cont-ct or in other

Yﬂforfs, the contact is =~ plpne of diSlOthion.



(144)

(iv)

—-.3‘:;,
extre ity the c-ntoct l-ne ns "een foldged
irte a2 syrcliae ~nd ~» ~ticli e Tonne of

1

xcl G Tel fornighion herre her gffected vith
this folding. The crast of the b“?icline hes
bDeen eroded exmosing 2 noryotr track of

Krel formagtion ir between the exmosure of Tzl
Forrations fror Thobighsat to "oolstok College

)

and further externding heyornd Tehri PosCe.

At a2 few nlaces “there the c¢rtnct pleone is
folded, 1t 1s noted *het the heds, both belor
and above the ¢ rtect nlane have changed *heir
origiral orientstion near the ccontecte« An
eXamﬂlé?éuch Tevieti~r fro~ oricins? bedding
din is seen nesr cormay Thad, sectional wiew
of wvhich is <iver in thq figure 70412

This devizaticit surgestis-papring =lorg the
contact .

eer the conteact minor thiustis  ig cormon
both in Tal and ¥Frol forretionse. Suck a miror
thrust is well exposed or the Tehri Road, neparx
Landhour Bazar (Fig. 11). The foregoing obser—
vations indicste that sore rove -ent has tzken

nlece along the ¥Frol—Tal cant-ct or in other

worcs, the contact 1s 2 plane of dislocation .
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Cther evicdences, su~:0rting the Krol—T-1 contact

N

to be g tectonic contact , i~

(1) on-coinciderce of the axes of Tal

— e . M e —— e We Bl w e g & e e e

svncline anc Krol Synclire.

On havirg a gene:~1 look on the geologficel nan
of Gaihval ares, prerared by ‘uden, it amne~1s as if
Mussoorie synclin«” in fact co>istitutes of t-70 synclines
such as if one has hcen ken* inside tre other one. The
exis of Tal syncline ,thoush a—~roxirately narellel to the
axis of *he uncerlyirg Krol--syrcline,seems not to be
coincicdent with it. The »xis of Tal syncline perhans lies

sorievhet ™! of that of 7rol syrelire,.

J s

(2) Yo exnosure of Tal forrations o.. “he Gur “H11--

The relstion hetwren tre strilke of Xrol—73l
contact and the topographicel contours indic-~te that i+ »
nornal condition if Tals ere exmosed neer the city 7a’l,
then Slier sho> 17 2780 he fcvnd exhosed on the CGun 7111,

But no exnosure of 727 rocks .rc¢ found o1 the Gun hill

wherers the” are well exnosed prouns the city Tall.

(3) The Landhour—moodstock-Dhohizhat *fndows

Ls 1t res been mentioned nreviously, in the

Landhouvr—-toodstock—"hobighat rezion the Krol—-Tal contact
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has beer foled to sn anticlire. "rosio~ of the crest
of tris pnticlire, has exrosed A narrow trock of Krol
noloite underneath the Tal shaless If the ¥rol-Tal cont--
act is believed to be g thrust,'this rarrow exnosure of
Krol Colo 'ite surrounced vitl: Tal forretion vill renresent

2 st 11l windowe

L11 these evidences suzgest thrusted ngture of the
contact « The mechanism of formation and the age of this
'Tal Thrust' could not he fully understood because of the
1i; itec scone of the work. ‘cwever , 1t sceris most nossibhle
thet origi al1ly the Krol an” Tel series were comprising a
cinglr normal straticr-phic sequences ™uring the Krol-=thrust
thls whole mrss together with underlying 3lzini =nd
Chandn'r ceries was thrusted over the Tertinry formations.
During this thrusting the whole nanne - ras rendered to
folding giving rise to najior syrclinel structure (Mussoorie
sync’ine)e But during the lest vhese of the roverent of
Krol thrust, the rocks cormosing the Tal forretion could
rnet een race trith the emeining nrse of the nanmes There
was trerefore a iel~5ive sl:ift between the Krol and Tal

forrations.
Lowver Tal

The lower Tal h-s beenr thrusted ovei “he Krol

seriese The stage consists of shales wvhich are calcareous



Unner Tel--

The Taner Tal slovus a (re’ati~mo? contzct with

.

the lower 72l shagles. In its lower »norticr it is cirnosed
of red coloured siltstone vith universal nresence of rinnle
marks (photo 0. 12 ). Current Becding, udcracks and

rain »gintg. “ithin the red siltstcne tlotches ard natches
of green—siltstone are found at nlrces. Lt a few places
siltstone hos acouired rassive nnture with beddins planes
being unicentified but cormonly this fori-tion is well

hedded «

Good exnosures of siltstone are fourn” ne-r

loodstock school ont Tehri Forde.

OQverlyine the s’lt-stone there 1s o sequence
of quatzite in whic» grnded bedding is verv commons Llter—

nate bands of ne*by ~ustzite, grite ond o

R

.!,’)

sive ~vartzi e

are founc. Gcod exposures axe found rn-~r Jobarkhet e

The rinnle rarks,y graded be dings -n” other
sedirentary structures mentioned above showr that the Tals

were deposited in sheallow wet-r concitions.

"o fossil could he found in the Tal fcrmations

of this are~, hut fragnentary mollusc shells and corals

h~ve been renorted fror this form~tion at other nlsceess On
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towards the lower horizons =n¢ successive’y grade
unerfs into cherty, micaceous an¢ cerhonzceous shales.
Such gr~éd-tion is occasi ~allv l=tersl =2lsc. The caler
areous shele is g soft y e-rrthy snple hiic’. in the lower
portion has been he-~vily crushed cue t~ thrusting. Its
maximun thickness is over 300" ( 91.5 m) hut at nlaces

is less than 100'. Good exnosures =re found along

Lancdhour Bazar, Xidlands ané “ymh-rg ""igh School etce

The calcarcous shale grocdes into g Aark-coloured
agenaceous shale. Its dark colour rsy we due to the
presence of lm—com~cunds. It is comnarystively narcder and
slightlyv coarser thsr the calcareous shales 3lenching
is comroinn. In its unrer nortior there shales hecome ricace~
ous s Exnosures are foun? nenr Ti-rerary on Tehri Road

and ne v "oodstock College.

The dark areenaceous sihale graces further unwar-
ds into carboraceous shale~, vmiclh ~7¢ fow.” ¢!l exnosed

west of "mocéstock Sc¢ii00l .

Trhe total thickness of ITower Tal stage, cormris—

o
ing of the calcarepas to the carbonacdus shales is over

2000
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Unner Tgl-

The Taner Tal slowus a (re’ationc? contact with

[y

the lo@er 7z shales. In its lover »norticrn it is cirrosed
of red coloured siltstone vith universal nrcsence of rinnle
marks (photo 0. 12 )« Current Bedding, ludcracks and

rain ngintse Within the red siltstcne klotches ard natches
of green—siltstone are found at nlrcrs. Lt a few vlaces
siltstone ros acouired rassive nrture with beddins planes
being unicentified but cormonly t»is forr-tion is well

hedded s

Good exnosures of siltstone are foun” ne-=y

"Toodstock school on Tehri Food.

Overlying the s’lt—stone there is a sequence
of quatzite in whic» greoded bedding is verv commone. Llter
nete bands ol pehby ~ustzite; gritc ond pssive ~vartzi e

are foun7. Gced exposures are founcd nr=r Joborkhet s

The rinnle na1ks,y graced be’dings ~»7 other
sedirentary structures mentioned pghove sho'r that the Tals

were deposited in shellow wat<r conditions.

iTo fossil could be found in the Tal fermations

of this are~, but fragrentary mollusc shells and corals

h~ve been renorted fror this formation at other nlcoeecs. On
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this bzsis pond on the basis of "he fret that in Gerhwal
Tals are succeeded by Murmulites, it 2nne~rs that Tals

represents the Jurassic and lower Cretaceous svstens.

g+ructures in Tal Seriese.

The zener~l din of the Tal formagtion is 15" to
0% due V10 to MN30. At a few places foldings heve caused
the reversal of the dins.« /£ good examnle of such a folded
structure 1s seen neor the Tivil Josnital. As one roves
% to SW along the Yrol=Tal centect fror City 7all onward,
the beds at first are found dirning a. averrge 20 due V20,
“err the civil hosnital there is foun” a su’cden change in
the diry which now bhecores 3C¢ due "100e Thius an asyr—ctricel -
anticline is formecd. Soon aftezr the dip arain changes to 85°
due 728C giving rise to = synclinal structures, "alf a fur-
long FE of the Midlan” burisl gromn”, the dip agein changes
to 30° due N20, forming agair ~n asyrmetricrl anticline.
Erosion of the crest of tihis snticlinhie has exnosed the
¥rol Dolo~ite un‘erne~th th- ~»1 gholes, wrich looks like

o loor of Krol Dolorite within the 7ol shales exnosure.

Faulting.

In addition of s-versl ninor feults in the
Tel form-tions o commarntively re“or fecult hes been

recognised running agnnroxir-otely '8, coinciding with the
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¥Yrol Tzl comtnchy; exte wling Trom Tehri Fon”y to
'Toodstock College, in Mircetion TTFSST. TE is 2 iornal

obli~ue fauvlt din~ing on av-r-fe 757 due * S80.(Phdto 13)

Llthourh *Wiec £-+1% coincicdeg 45" “h~ Xrol--
Tal thrustc<d cont-ct, c5 it is v.r <~ wvious anc céilf-
erent fror the later. The evicdenccs +Mich co~form the
nresence Of this faults ~re tlhe follorne:
1 Presence of on ~scarnrert ~11 ~lcra the
frult right frer Ter’ To-" t2 "loodstock
"Collcre.
2e Preosence of - l5-rou ze. has f£-11% -~ousc
here ecnsists of vory sofy ¢~y 1like rrtceoriel

found ~loreg *he T-ult -lene.,

3« Presence of stickcnsidese Thess =re found

stristed roinlv ovir th: Tal shales ~lon

124
]

tre fenlt »lrne,

4e Pizsence of n nale (corrny “h-7), H-ie1llel

to thr fanl+ fyer Terri Too~7 to TToostock

o

Lite1 the tor Arab oy of the Z-ult the Telae (
(Cormanv Gsdh) .ekes ¢ sudden bond ne-r

the "ofstock colleie (refrr mrna2)e.

Se llincirlis=tior in the region a7joi-irgs the

frult ~1-ree.
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Ce Ch-n1€ din %hr nrttesn of the cutcron.
s is elec~r fror tlr Czcloninnd 1t (Tanel

- . e - 2 P R - h)
sz len) b Iaal-rl ernthecht s sty -icht

’

in the rortic Tzhri "o-~a--’tn’ s.-cle T™is is

becruse of the shce= 2in 0of *'e Tanlt (nhoto 13).

Tines the Yrol--T-1 thrusted ¢t -ct h-7¢ ~1so ™ccn

effceted By this 7t (fics 12,

-~
ot

he “-ult is definitely

1-tcr th-» the thrust.,
Joints.

Like the un“erlying Yrol form-ticomg £ 'a] har's
2lsc s h~vo suflecrad nurcrous scts ¢f i-trmgiye fointine,
The 10ivts ~re ~o-¢ intensive iv the 'cwrr rorizon of
Tel series (vrer- 4-cir s“;Cing is s ¢los: ~g ~vg conti--
netcre S?~c£r; bDescer foint nl-ornes  covc ior- in tho
Urner Trlse "Ower 1T, T Llhie M1 -uctzitc; t-ov» the
jointincs ~rc Jese clos~’y sm-cec, but ~re -orc -rominent

"

and rore Hc.sistents L o~rotery 0 YT lustr-tire “elctdir in

Urnecr Tel form-~tiorg is giver i Photo 1.

IG"CrS ITLUSIeY

The ~1¢~ nosgsisscs the cx-osurcs of %m0 bpsic
sills MYeiry, intruded itz the T-er Frol Tolo.ditese s will

be discusscd in the Zhent. rT7 tihc rock is nrobahly
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»
wa, -

anatite—-levcovhyre « One of those svative—loucoryre sills

trrvcrses treouch th- Iinckinons To-~?, Dhohighrt, rirficld
9 ’

cte. on® toryrinetes o furlong west of the Breooklsnds. The

"other si’ls starts ne-r the jurction of "~larnni Khala

]

-nd Musscorie -Poi~ur 'otor Fo-d. It runs thr-ugh lay-cottege,
Barlowguni ctes ~nd tcr inatcs h-1f o furlong cast of the
Yoszcy £-71se Yecor Shc lussoorie-RB-inur ohor Ine?,y o snall

dryke h-~s ioncheld out of the sill -~n” is oricrted in 2

directior " =54,

Lver-ge thickmass of both of ticsc sil? is annroxi-
mrtely 2CC'. The oricat-tion in grrcr 1 is concord-rt sith
the copntry rocks. .t rl-ces the s5ills hrve MHeon folded
also tcg'thér witth the intrufed ferirtions. owevery ot
n ferr nloces those irtrusive ero found ceutting across the
rlte: "rtely denosited Joloritcs #7 shi-lrs of the Tre
Frcl. Dolotits steges Thus, it s ¢rs ~ost nocsible thnt
thess intrusive »o”ies -1¢ ti-~nerrescive sills which in
gene -3 ore n-r-~1lel to the enclosing forratione, hut
in -« f¢r norticns h-~ve devisted fro~ t-cir nornal course

~nd nave loc~1ly aeouired the r-~tur- of ~ dy%c.

'iner~Iis-~tion,

iiner~liz-~tion 3  the ~1-° is renrCceited DY the

occurrence of horytes -nd nyritc. Pvrite h-as heen found
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both in Lies T»1 ~nd Uns Krol forr~tionss, But occurrence
of brrvtes s rcetrictcd onlrr to th- torrost he’s cf

Krol Dolo-itcs.

Brrvtes—

Borytes occur in the for~ of worious crvity
fillings« The nost n»rominent occurrcnce is ~ fissure=vein
runnins SUE from - furlons north of Wrod stock college
to Tehri fo-d (Fig. 28, Photo ~15)e The vrin is highly
Adirning ~nc¢ hn~s ~ wicth of «5m on qvcrége. It is foirly
continuous ~n” i~ the "' nortion h~s tecn suhordin-tec by
~nother sn~ller vra 1lel veine Frow Tehri Re-7 onvards
the n-ture of the vrin “ecores irrcgul-re Lt tiies 1% rinches

and swells ~nd some tires Ais-—ne~rs ~ltorcther (Figs 14)

In nddition of this pronminent vein of baryt-s
there ~rc ~t le~st tic rore sialler veil c of T-~rrtes in
the nrrene Cne of tle - is exposcd nen~r luwndicina? clerk’s
qunrters, one furlong W'E of the winkitTe otrcr vein is
one furlong S of the Civil losnitnle Both of these veins
~re much irrcgul-re. As onc roves plone thesc ve'ns they
pinch ancd swell,; onpe~r ~nd dis-~rpe~r ~n? chrnge treir
orient-~tion in ~ cdisordered m~nner. Tnclhh of th-sc¢ nromincnt

veins ~re found associsted writh » nurher of trinner vein—

lctse These veins ~re irregnul-~rly oriented o
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criss—cutting e€~ch othrr ~nd gorec tires formning box—
work like structure. By th- sice of the brryts vein
nec-~r Tehri Ro~A,the ¥Krol Dolomitc rocks ~re scen she-red
and the interfr-grental sneces arr occunicd by sceondory
solution fillings. It ~npcars ns if baryte is ~lso filled
in thes~ interfragrent-1 sn-ccs. But on cherica? and
nicrosco~ic exsninntion, thr int-r—-fr=gnnt-1 sn-ccs -
were found to bhe complctely occunled hy c~lecitec ; dolomite
ond siderite ~nd no tr-ce of h~rytc w-~s foun” i these

Sp“,CeS .

Occurrence of nyrite is found ‘n the forn of
veinlets ~nd lens:cs (Tife 15 ané 16). All ~nlong the ¢ nt-ct
of Une Krol ~nd Lr. Tnal, from Tchri Ror? to *oodstock
School s sr~1] lenscs of pyri*c ~re found hoth ir the T-l
snd Krol Pocks. L ~ching and lirnonitizatio~ h-vc extens-
ively t-~¥en nl-ce bhut on cutting the lenscs frosh nyrite

i« found.

Srorncdic occurrence of nyrite was nlso found in
the Uns T~1 quatzites nc~r Jabarkhet. Fere it is found
in the forr of srall pocketse As will be “iscuss-d in
ChapterI, oceurrcncc of tvis nyritc represcnts » hy’ro-

thermol ccetivity in the nre-oe
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PETROGR.PHY OF TI™% RCCY TVPES

The srcn unccr present investigotion consisets
meinly of v-rious tyres of shalrs, lincstonc ~n” dolomitc.
The only %-sic rock rct 7~ the ~rcn is the tr-nssressive
silt intrucded in the TUrver Trol Toloritcc. In the nresent
chepter thco ~uthor ence:veurs te ~r.sent - bHricf nctro-
gro~hic descrirtion of v-rious rock tynes rmet within the
arers In nf7ition,y?cserintion of bhrrytcs ond nyrite, the

two enigen<tic ninersls found in the ~rz- 1is =lso glven.

Infra Krol Rocks.

The rocks cncountzre? withir +th: Infra ¥Xrol series

arc (2) »hyllitic shales, an?® (b) quntzites.

(=) Phillitic Shrles.

The phyllitic shel s ar¢ bleck coloured and
c~rtbonnccouss They are indurated and very thinly laminated
over 15 b-onds heing prescnt within one contiret-r thickness

of thr str-trs Fresh surf-c exiibits » silky lusture.
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The rocks »re extremely finec grrined »né even
under thr microscone it is @ifficult to deterrine thoir

niner-1 constituent.
(b) ~uetzitese.

Extrerely thin layers of fine greoincd quatzitc are
foun® alt-rn~%ing with ahove mentioncd nhy litic L-yerse

The queotzite is bl-ck n coloure.

Un”-1 the microscopc the rock is foun” cormoscd
mainly of fine grsnulrs of qué%z and fclspars crbedded in

an argill-ccous matrix.

Tris nltern~tion of extrcmely fine grrincd phyllitic
an” ccernarotively coarsr graincd qugEzitic lorinstion is
probably inAlcrtive of the verved n-ture of th-sc rock
tynes. The fine phyllitec and coarscr qu?tzitc loycrs ooy
be rcpresrnting th: clay =rnr. silty scfircnts bring “erns—
ited in n glociested loke “uring th- wintcr sn” sumicr
nc:io”s respretively e The original clay ~n” sflt becs
have suffered a low grade of netemor-hisn teo give ris- to

the phyllitc ~nd ~udtzite.

Lovcr ¥rol Rockse

-

The lover krol storne is commoscf of fwo rock
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types:
(2) sl--y sh~lc ond

(b) Cele~rcous shrnlc or Merl lincstonee

(a) Sl-tv Shales

It is an ~~rthy brown sherle with sr¢ll ~cvcloped
clcovore schistosity =n” rrc found in ~lt-rnete bancs with
merl lircstone. fversaes thickness of th- honds s gencrolly
2 tc 4 crse howev T,y beds of scveral Aceincter thickness
are ~lso encounterecds Pa1-~1lcl ~rr-n-rrent of ices ~nA
chlogits have imparted a satiny “usturc to t»- surf-cc of
schistosity. funcrous eriss—cross c~lcitc veins ~re found

traversing through thrse shrlcse

The very finc g2r-incd texture of thes~ ~rkrs it
Aifficult to recognisc the infivicdunl rine: -1 c-nsti-
tucnts cven un“cr the microscope .« lovevery nixturc of
very fine gr-ined scricitce, quﬁkz an7 c¢rlcit- ~re obsecrved
to Yec rresent in geod srount ~long with the clsy mincrrls.
Micro—-vcins of cnlcite »re nlso sccn traversing the rocke
The c¢~lcite in thr vein is coarse gr~incd showing nerfect
rhombohedr~1 clcavage ~n? cxitrcre bircfrin-ence undexr the

microsconce

(v) 1271 (or Crlearcous S-nlc)

The Marl Locr Krol st ¢ »rc fine gr .‘recdy dull

sn” 2~rk—grcy in colour. It consists mostly of clays with
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CaCog constitucnt scldon incrc:sing £~ 30 percents 1'¢0/Ca0
ratio is 0.1765. Following t~"1lc shows =~ nrrti~1l cremic-1

analyses of ~arls-

CaCO3 13460
17rCOq 1413 ¢
Other materials, soluble in

HC1 (n~inly Fe »nd 4l 1921 %
oxifes) :

Material insoluble 61 .36

in TC1l (meinly cley)

Unccr the ricroscore the rock seecms to he =ninly
composed of finc grnire? e¢~lecite cmbedded in »n argill-

aCcous mntrixX.

Krol Fed Zholec Focks.s

Rocks cncountere? in Xrol Re” shrlc st-gc =re
purple=reé ~n” grccn coloured vari~gnted sh-less Shalss are
soft ~n7" extrercly friable, h~ving closrly sroce” foli-tion

and a net work of fointing. Fresh surfnces mossess o necarly

lusture vticl in c¢n~se of groen shnlre is rorc intcaeive.

T™Me extreme Tite groined sizc of the cornonent
materials MeXes their iAcntific-tion ~ifficult . Owever,
cnloritec -~ hiotite rre well ifertific” unier the ~icro—-
scopey v.icl hnve vore or l1-ss = nrcfered oricnt-~tion royo—
11c¢l tc the foliatior of the roc%e In the grcen s™nl-s

chlorite is —ore 2burn"ant .
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Unner Krol Limestone Rock

Rocks corprising the Unmer Krol Limestone stage

can be broadly classified intec four ty»es.
Ea) Shale s
b) Li*mestone,

(c) Magnesian Lislestone and

(a) Shale_

Shales occur in the form of discontinuous bands in
the basal part of the Unwer Krol Limestone stage. It is
earthy-buff coloured, indurated shale with roderate develon—

ment of cleavage schistosity..

Under the microscope the rock is seen comnosed nainly
of fire grained argillaceous mgterial together with equi-
granular fine granules of qugkz representing better sorti-g.-.
They also contain finely crystalline calcite together with

disseminagted iron oxides. At wlaces chloritic material is

also seene.

(b) Linmestonese.

These rock tnes occur in thickly bedded forme
They are black to dark grey in colour and give sulnhurous
srnell when freshlv broken. In commosition they are high
grade limestone having over 80 per cent CaCOz and Mg0/Cal

ratio as low as «063
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Followin~ tahle siiows nartial cherical

analyses of Uprer ¥rol Lires“ones.

CaCO0g 8147
IZ.’COB 28
Other raterigls—

soluble in I'Cl. 037
(Mainly Fe

cormounds)

Materiels insol= 15«57

ubley in I'C1l (ma=
inly cerbon)

Under the ricroscore they are rnediun to coarse
grained crystalline rocks cormosing nrirarily of calcite.
The crystal—sizc vary from C.1l -1 to 1 rn in diareter.
Calcite shov twinklin: and perfect romhohedyal clcavare.
Polysynthetic twinring i vorious colou:is cre soe tiies
seen even in ordinpry li~l.te. Thesc rocks g€ seen
traversed with fine grained calcite veins (Paoto 16 &).

Minute nyrite grains are also scer 1r thesc rocks.
(¢) Dolomitic Lirestone

Occur in the forr: of pockets within the Upner
Xrol Lirestonese. They are grgish white in colour and are

less crystalline.

Under the nicroscone the rock ~ossess Oolitic
structure. Oolites of calcite, showin~ concentric rounded

structure are erbedded in >he atrix cormosing of nediur
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rrained calcite and dolorite (Photo '017)e Grains of

send ~re found soretines in the nuclevs of these Q0olites e
(d) I:E’I‘blg [

These are nure wnite to bluicgh vi'ite, cryvstelline
rocks hevivs saccharoidal texture and vit¥ous lusture,
and takin' rood nolishinf. The rarbles are alnost entirely
cormposed of CaC03.« /fccordins to Auden thev »re of

metasonetic origine

Under the ricroscope th:e rock is seen to be cornosed
of ~ediun grained (Ce& rae)e~uisreanular, crysto1line

_ (photo 16b)
calcite./IPe calcite crystals szr1e su»hedial arnd noss-ss
twinklin:‘rhorbohedrel cleavei e and cxtre ¢ briefrinrence

P o B N - - . - ”~ ¢
Ut Lo rentCe COoluuLsSe dibe e L0HCE 1 ul'e

-

-3
o Dru el

is uni xial ne :tive ~it% closel:r shocod rinse

Unrer Xrol Doloite Rocks

The Urver Yrol Doloiite stoe is round Lo be cormosed
of wverious tyncs of siales and dolomitese.

(a) Shales.

Chreles of Unner ¥rol Dolonite occur in the forr of
hure lenticular bands within %iie¢ dolo 'itcse They arc of
various colours like red, nirkish~brown, " uff, and g¢r-enish

rreye All of tlesc 212 fine rreined arpilleoccous rock with
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Photo-17




a distinct fissility parallel to the bodding.

Under the nicroscope they are found constituted
mainly of extrenely fine frained clay ninerals, individual
rrains of which could not bhe distinzuished. In association
ﬁhereeuﬁ very srell frarrents of quétz, felspar,y and
flakes of ruscovite and hiotitcs I"-xt in abuncance is
carhonaceous naterial followed by calcic end doloritice
constiturat . Dessirinetion of nyrite is so ¢ *ires noted,

which hesve bheer rmuch affecected by le-chinge

(b) Doloritesa

The dolorite of this stare ig celcercous ir

ceneral snc con »e "roadly claszified irte “hree tyres:

(i) Fr-.rentary carboneceous Golo: ite,
(11) Massive clayey dolorite,
(iii) ell bedded crystelline dolomitee

(1) Unconsol

Tris rock tyne occurs in the hasal parts of Unper
Krol Dolorite stare and also in pockets within uprer
horizons of tris staree. It is'a Pighlv friable, loosely
cengolidrted, concretionary rock with irdividual fragrents,

of size 0«3 to 1.5 cris On averages The interfragnental
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speces are occupied by o Dl-c™ carhonzceous and argill-—
aceous povdery "ateriale The av--arce commosition of

individual fr-7-ents are

CaC03 < BOLECS
MrCO3 42708

Other rateriagls—
soluble in *C1 207

Insolutle “unterials

in IIC1l e85

The ~owdery "aterinl occunvine tre intcrfrerr ental
spaces sy howevery ncver contain rore then 2857 of carhonetes,

wirile its carton corstitucent is alvrays over 57

- 1. .3 - . P B e 2 PR S o) L s
Undrr £he dcroscorz " sretion ¢f Tro - w0ls 2re

svel, L0 Ce corosed of calelte o0 dolo i5cs 750 sticaks

and natches of opaque ce=r™on-c-ous —~terial.

On the basis of the comrogitirr ~na :drery-lory it
apnears thet these rocks  ere oririrglly sirilsr to the
other dolo~itr rock of tlis stere »nd neve later “ecore
rich in carhoracecous—arcillesceous rtrecrial by 1 aching
of its ¢ rhonete constituent. It is nossibhle +that the rocks
of tuis hworizen were oririvglly affected by sheering. The
sub-surf~ce wab.r nercolotins through shcrred ass s &
hev~ rcmoved tre soluhle cgrhonrfes ard therehy increesing

the nercent-re of cerhonagccous—orgillaceous naterial.
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This rostulation is su~norted by tle foct that within

this unconsolidstcd horizon there 21¢ found certein

reranants of cmsolic-ted,y ~rnssive dolo ite si:iilar in

every rcsmcct to othrr dolorite rocks of Unner I'rol

Dolomite strie. Moreover the n-ture, ar~caranc: -nd cormosition

of the shzle bands foun” vithin t“is ™orizon is cxactly

sirilar to thosc of other horizons of tiigs strrce

(ii) Massive doToritees

These rocks a21¢ light coloured consolidstcd dolo~ites o
Alternsting vhite—rrey and dark-—yrcy “ends rrc co-on. “hey
arc very rich in dolorite and over "0; of %me n t-1ial is

(¥

corrosen of carhonatese

The following ta'Te siows e cartiel ~nal rscs of

Vo 21,
2CIoT 1.ES e

CaCls 528
M COg ’ 43445
Cther soluble 37

“rnte l’ials .
Insolu™mle ~stcrinlse.e 3459

¥e0/CaC rotio 699

Under the ricroscone the rocks are fire to rediur

srained cormoscd of dolorite +n? calcitee.
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S fovrogar-les of %Vis tirssive doloitc exhihit

a pcoeuliar shreonatolite~like structure , moth i~ bend
sncciren ~-nd unde:r the ~icroscormes (Photo 13 -27 17). These
structure shovs Cork o TihE ceoloursd roonlar ond

irre-ular bands, the thickness of izl vori-s fro: 2 'nm
to a fr-ction of a ~illinetcrs The rands arc arcuate
~nd lobetce Somctires the —ovth of t» Jo™is arc closed

vhich rives a concentric larrelar mathcrn,.

Unde: the microscope 1t is foun” thet 1n rost of
the cases the centres of these styructures arc cormosed of
fine groined fibrous arspronite, the fibher beinr oriented
pernendicu’ar to the bands (fire 17)e The zrego.ite can be
well distinguished fro- c~lcite teceorusr of cl--vaire end

1ts biaxinl interfrronce Ticurce Abecn

=z vl nolysy- thctic

twimin 1is rlso cne of the distirruigrin- ch--~cterse.

At places colurner arsponite is also scens The
rrowth of aragonite colurns nor:iel tc the on:ositec walils of
the irnzr ost Mends h~ve riven rige to chroreoct-iistic econd

structurce (Fize 18)e

Thesc"nossiblc alr=1 structures™ have alrcady
been renorted Hy l'ithal and Chaturvedi (1962) s who have
identified these structures hrozdly rs stronrtolitcs poss-

boaC

ibly belonring to gollenise
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orwver,; the other nogsihilitv,thet those
structurzs are inorranic oncd aze formed =fter the denos
ition of tre heds,y b¥ scre solutior nrocess can 2150 not
be ruled out. The well developec corb structurs mentioned

avove ma be indicative of cagvity f£fil%Ia .

(¢) ell bedded crvst-17ine dolonite.

e e B} =

Tese 21€ we'l Hedded y conegolics o d yran S0
crystaoll e rocks with cr o write c¢olovy gn” croes

porcellancous agnnearance waen ceitv.

Al

o 3 0. <M " S ' o .
Tollowine table siows Sihe marti-7 c¢lridcel aralvses

of these rockse

CaCo3 50 .5,
1 COs a5y

0“er solubles 225
Insolubles. CW73 )

10/Cal rrhio is /7333

Uncer %te ricroscope it is found cormoscd of nartly
crystzllised dolomite and celcite minerslse 1inor amount
of sicderite is also present. 1] these il ree wpiner-ls are
colourless i1 "¢ volerize” Zi-t% a7 noss-ss n-rfect
rorhobed: 7 cle~vages -x77ed clipnit Toooicliel is robted o

rotatine thr stace In vleane polarized 1lirhte Zisiefringence

is extrere witr 5th and 4th order interference coloursa
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Under %le microscope *I'» rigin constituent is found

£

to be fine <rained ar~*'I7l-crous nicria’ 1ith aln gbundgnce

L

Lk

of dolomite a2 caleit:s ~rrins. fcerssor™ ~riing of

quatz are also nrescite

(b> Cherty Shﬁleo

Tacim

It is fine rrained dark coloured rock +ith sore
that freasy appéarancs an.” tou™ splinteyy ﬁb_COﬁChOidal
fractures. In rand specimsn % loolrs rore or less like
hornstones It ig “rrvers<d »r mierous -Uatz vein shoine

craeaeubtin relatincy st rmg oprT obt -

-

Cndry Sra riceroscone *c rues is Tuend o he

-

comosel agir,

I 0}

Coof T, greoilloertus relerisT forcther
wit' crynto-crrstal’line quatze TVo medr rgss is *raversed
b ~uatz veln s'owr reticuTrte nattorm and lero--faults

T 4~ b T Yy S 1] e b Lo [ - a > e
(Ploto 922 3o Ph- uvatz i- %%r - 7fas 7o Crarmlar and the

&)

I . .
aver. ; i . 5328 185 (e ...

(¢) Arenzceous shale.

It 1s a2 black coloured, compgcet rock rivior

.

cornaratively charp edres on Breagkine.

In thin section the rofin ~round mass is found compos-

ed of finely crystalline cla . DMine rfrains of detrital
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augtz a7 £.lspar e ~fca flalt 5 ez Cistriduted

a

ritnout onr nref red orientstion. Fine dust of ferrurinous

meterial is found occurinc as streaks -nd natches.

(d) Crrboraceous shale.

mhev arve soft, black coloured shales with sraph—
itic a'mearsnces ey are fiscile and r-~dily snlit into
thin lgverss In treir commosition 'i~n percentazc of carbon

has been fournde.

TAGET THC TLCrOScOnT TNCT oTT TUNUSL cuUmDiTLe sy

P

"ropice My

(5) siltstcres or¢ () suetzitese

(a) cilh ‘Sf ~Nnes

“rmey g e fine risincd rocks of red annd Hlack
colourss ™-e ohly recornizaghle mineisl 7 Man” snecimen 1s
muscovitecs Pricsence of ¥n s dehected cherrically In

lack siltstone.

Undexr the microscone thr princi-~al clastic rrains
arc found %o be gnoular to suh-a~rular quatze. Felspers

arc also scer ir the scctionsy showing auadrill structur
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twinnin:,

indicetin® the fclspsr to be microclinee

The cementing magterial 1s ferrurinous and

micaceous

(¥) Quatzites,

silt .« Both muscovitc and blotite are present.

These are -enc-ally coarse frrined, gritty and

sometimcs pebblys In reneral thcy arc noorly shorted.

In sore varietics quatz frain rancc in

granuler to ~rains of 3 cms. in dlamct

vt L Y.
found o be gUpt;, aﬂﬁﬂﬁiﬁt
cline ) oam7 a fev rrains of
zircon and ice flakese In

is glso silincous. “lowev T

rood grourt of -rrillescecous

Intrusive Ignecous Fock.

.

e bzsic ifncous

transgrescive sill intruded

LIRS g~ A P S S A

sizc from micro-

Toe

Lrrg memarr tmMrNLLILUTIIL O TTTTY
qd % Telanat s (raints o tlaroe

-

strurelita gy tourcr Ty

few vorlcetias they

ial alsoe (Photo 22)

rock occurs in the form of

in tre Unncr “rol Dolomit:se

In band spceiven the basic rock is found to be a fine

to mediun

_r=inc?; mclanocratic crvstalline rocks The

Granuterity of the irftrusive hody ircrces.s from the

marfin to the

vith nagked cycss

centere o irdividugl mineral 1s iderntified
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HG" -—
mc-1 the microscorec s rock is “ound to he holo-

-

crystcllin on¢ wynidiomorntic. The rost rromin~ng
constitucnt “udrcrels z1c “tlsnhiisy followid Iir oracr by
onitc, avatite and marn-titce(Photo T0423). lccrssary
auzg.tz is also nresente Soconé-ry mincrals wroscnt in the
1ock a:: c¢hlorite , uralits , scricitc, c¢crlcits, scrmontine,

R

epidolte; nyritc and hcematitc.
rLlSP. 5

Fclspars cornrisc two third of the tos-7 rine e2loric
commosition of th: vocke It is in t!- forr o vt
enhedre? clorcat-d cryvs.rls vricY or- colovrcse undor the
vlan- nolarizcd *i-"t and «ive first oxd-~ crev r~nd whitc
irterfeorcner o Jowrose Tyo third of v o tot-" #olsper

preing are hesvily altcered but one ©hizd are “rcsiie

Mlhere? Felsvare

LY Fal

Lo Trorger vart of St

Jsprr fv ins -y, nltercde.

1

¢ refr ethive dndcx “icotor than

Suehh r its rave rrerally
thiat of Crracda halsamy altliouc™ » fryr - r-irs gl.ov lovr

or ne-xly cual refrretive indexe Pailht twinineg is rarely

obscrvete Gorrotnlls B olspar is too clourl~d s’ Ghus
prcvents ir ite rocom iRToo . Tt gire-s U0 oo reoelive

index is reneynlly Ti-0 Ly T ocersico 70y Torr, 34 nust

+

be in tg oliroclasc-andcsire 1-mimc or vay "L Cver ~orc
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calcice The possitilify th-t gere of the he-vily 2ltercd
felsnars may be ortheclzsc is rcrote, but nothing definite
can be said in this rcr-rd, gs oliroclas: tas g refractive

index rance from 1402 £0o 1513

he fresh felsvars rave o loer rifrretive index
then that of Cenada halsame 712 s' 0w v za’lel twinning
occesioiallve The raxirmunm extirction a:71¢ wiih rcsnect

to twinnine is 16%. T is folsper is tlersfore 2 hitr .

Ar dintcrestire T ture of cormer Rively Zcss alLerand
fclspnrs is %lat £l ar scon altere® ot %02 cortre here-
es at t-r horders the o1¢ free™e Trig vy i dus te tioe
cre.cc i thwe cormositin of e T-0gn-ye frer marcin
to thie ¢erntrey w?ich “icht ave romliad e ovgs of zorine .
If £t is nostuletior is true then rost o tl« feleonar
crvstsls in the rock vwil® rave 5a he Hhrorrit ss well
zorgde This fact tler wil? algc cx-legin *7 o ohg nce of
twivsine in the felsmnige Jcecora nr Lo Treovs (175%) in
pla;ioclcs falispous zouir »nrf Lydinadiny arc cuviae’ TV

exclusive-g wcll zcneld nla’ioclas: crrstal s oving less

devcloorert of twinnirge
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Ju ite

Jurite is found o b tre next shundent nineral
fter fclspaise In c¢iffrrent thin s ctions it wes found
both in %'~ forr of svb~lcdr-1 -lerocryst ~s 221 ~s in
srall enticdy-! short rrismptic crvsti-ls.e I~ cclour F% is
pele ¢reenish $c pzale purnlisi: Liowm ~nd h-s
and two sets of clzavare 21ro0st wormagl to eachl other.
Interfcrence colour in ~cnerel ar. of firs: order but thick
sections sl:0vr s¢cond order “recn, yellow ard »ur~le colours

»pl1so e Extinction vas fournd voryinc fror 358¢ to -17C.

A

Lurite is lifhly sltcred into chlorit- ond

voruey is righ i erabkitro e T oso-r sictic s the

Q)

*Patite‘”as foun” ko hro owol L2 rmorerrt of K¢ tolel rvirer
alovic corwositior of %Y~ roete TF in dir thie foril of euredrol
cristels of Jons wmrisucotic " ity basal scetion T Inc sixe
sieds Bivcfivince:c. ig ol v Tiyey vy iy ond

white Ivierlocinen colomie y Dme T oo ehfoms i Iaohroric e

.

Marnctite -

Marnctite was formd in rcood ~rount ir thc rock.

In tlin s chtion it is opaguc. I nolished sceticn it ras

founc to “rvz e tinpc of pirkish colour ~nd ther:forc scems
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to be titoniferouse At vlac ¢ 1% »ns Meen ~ltcizd to

henatite 2nd rcothitc..

uat 2z

a)
—r—— e e ¥

Tuatz is found occurrins in i~iror amount . It
occurs interrowm vith felsgnar -17 £2sc g8 scn~rete ~Toins.,
Gr-ins arc "irubc 22¢ Zero o."ic, shevins First order

rre - ~r¢ yellow interfecre c¢- colours.
cnlopibe

Laths of c¢rlorits -~1¢ found as »» 2lt-ration
product of pupites It ds 4d-2% crerr ir colour, with
devcloprent of one sect ¢f ¢l-~~varc ~nF himg very low

bi.cfincenee

Fitrous ~frrecet~ of scernd-rr uzpliss ar- £y’

que ¢ the sls-r-~tion of »~u i%c.

~

1inar shreds ¢f scend-v vice

-
-3

oiccer Interfiience colouis eic sorn or v oltcred portions

of %hic felspn.so



ARCYE B

\de

Groins of celeit- Yo~ merfect romhohedral
cleaves € and extreme birefrirnc-.cc arc fr-~ucntly scen

in the thin scctions (Photo 24). They tay Le cither

€

contominatcd or would rrve rcsvlt-d fr v the 2iberation of

crlcium on the break—7dowm of =noitc and »nl- ioclesc.

Serventine

—

On the sherr nlancs within %c basic rock, a
cortinr of serpentine is found. Under the picroscope it
is vele Zreen onr Leos fibrolamcllar structures It hos low

relict and wr ok Pirefrin--nce .

LA §
Tnicote
e —

Collumner prrr 2tces of yellowigh rraer onicdote
is Tour” of%cn in eesoci LHins it a'hiic o TH ng 'irh
rclief @@ ghrors bircfrineenc- .

Pyrito—

irute crains of nyrite, disserinrted «dthin the
roc': ar¢ vielble ever vith una’”edcyce In polished sectioh
the pyritc is “on” to ke idlonorpric texture ~nd brasse—

yellow colovre

Lemetit o
S S ———.

- ——

In polishel sections licrmntite end rcotheolite are

found at %the reargins of mornchite rraing.
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The nodal cormocitior of tir rocl, as deterrined
by Swift Point Countcr foi sorcir-cns 303 -nd 21.1 is riven

helowre

Minerals Percent of total Perernt of total
nineisloricel rinecrolo-icel
cornosition compositione

SH 0«30, 3 Sn. 2171 .
c—— PP - ——————— - ;\_—‘mw
Jltevod felsparse QW7 "3 5
Tr.sn felsroise NE el 77 5
Ltarite with clorite 2C +C 21.2
an” Urelites
Lprtite S8 1C.0
‘v

Mecnetite 3e5 5.1

Re St » 5e¢3 2 ol

omer.clature..

The basic intrusive roc™s in ¥Vrol forrstion of
Goth'»1 i'as YWer o concluded by fuden (1031) ag "y-rvine
fro:' auatz--olifoclasc coterite to guatz ancdcsive dolerite®.
He has ~iven the corprenensive neme to thoise rocks as
lencophyres .

Sine¢ the r0ck shovrs heevy 2t T tiovy morticularly
of felsnars, it is ot mosagih™~ %95 thor - orivirel corp

osition ot 5ie rToCK . 4o c. vicp’ o nTgls vonlT Moave Decn

[
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verv helpful ir %1'is re -1 «Sivi’~yr rocks hrve beccon
described by Jonennscn s Cl:fbasr porohyry o»nd -uartz
diabrse, but th- formcr cont -ing —otgsh rich lahrsdorite

4

ond the lettcr norrel labradoritce ™re ~rescnt rock
definitely shows seussuiltization ps 1g evidemt by the
assemble c—guaitz, 21bi%t~7, enifos~, crloxit~, scricitr,
calcite and it also ahovs Vrelitisstio. of <nritc . But
these chenrcs are not comnlets in t™e nrescnt cose and hence
these rocks cannot be called seussuritized c-~bbsos The
nrescnce of 3107 anatite also needs =20 cxnl:natibn, if this
rock 1s rared as retrdolecrite or lenco hyrees "he “ercral
texture of %ic rock is sulr-optitic and L' ;bscnce of élcpr
gvidence of the presrnce of ortiroclrse nrevents ia ¢-’1linr
the rock as microrr-ro iorits or rclarorzorite. Tt ig
irnort-nrnt, *hcr-for-y thirt o Artodile” diny gsti--tio he {cne
of thrs intrusincs of th~ Trol 1%, “nc’udi - the crheniceal
~101vse 8y Witich c~n throw sore Ticht on She oritin and neture

3

of nnhesc Iatrusives "Jlth the work - ich coulicd e dore ot the

oro.sent inst ancey e nrescnt rocl ¢cor o ce ol as amatite

lenconhyre »
Ivrotherrs’ rUnesslse

The hyciothicrmal iinc £1s occurrrnec net within

the sree 21 those of (2) b-ryt -2 and (b) nyrite e
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(c) Barytess

The occuarrenece of barytes in th o Unner “rol Dolomiie
hrs elready been montioncd ir the Chepser ITT. The important

Adx

points of the rode of occurrcner of thes. brrytcs arc that-

i) They arc found in *h¢ form of veirs which show
pinch and swcll structure and sorme times box—work

1like pattern.

ii) Their occuirence is rostricted within the Upper

Krol Dolomitcs.

« >

—1 - B 2 - A g - N I N .
“tedr cLe.rr e i T s e b ocd

of XKrol 7»1 conincte

“he bary'es iz rrerish wite in co’our -nd hes virtrcour
lusture. Svecific v wit: of vorious soranles weos found rensing

bet ween Ha8 To A

Urder the microscore “nryses 1s found t0 rrvc rronulaz
ar're te ~nd l-mel~r forwrs. 1t s colourless in »nlnns volarized

lirht and has fairly hick relief 7 Swo scts 0of clervege at

-

ri'ht anrle to e~ch other. Bivfrinrenca ic we-X ~nd the
meximum interference colours rrc of firs* or low sacond order

(P0t0 Y0.25)« Interference fifure s nositive bl-xi-l.

"he brrytes is found ~gssoci~ted with c-lclte,
w2ich sometimes predorinntcs over borytese Borytes niave Iso
been tr-versed by C-lcite v iire The only corclusive romnrk

refordir~ the gsenesis of Sbese Lerytes cen te that they are



GO~
fissures ~nd other cnavity fill rr denositse "h-t wns the
n~ture of the solution which h-s rciven rise to these
devoslts ond wh~t were the source of Ba and S04 ~re some of
the riddles which have remeined un~nswored due to li-ited
scope Of the present work. It hnas nlso not been possible to
determine whether there is any fenectic rcl-~tion between the

borite -nd pyrite met within the pren.

Pyriteo

Occurrence of pyrite hrs been noted in both Upper-
Krol Dolo—ites and Lower Tal Shalcse In both of %hese forr~tions
pyrite h~s been found cither in nockets nre in veins showing
swellin~ snd pinchine char~ctsre Soetires -~ very thin shcet
of gynsuni 1g found on cither sidc of the nyrite vein, which
mey h-ve resulted by the re-~ctior. of host lirestione rock with

the pyrite besrinc solutinrn.

Under the microscope t..e polished sections show that
pyrite is occurring both ~s massive ~nd disseminnted formse
Vhen rresive pyrite is gener~lly fine fr-ined. Yhen disseminn~ted
they are¢ gerer~lly in 11l develoned cryst-l formse. 4 section
of Unner Xrol Dolomite rock shows disscminrted oyrite crystals
Lovine remnrkably straight geometricnl bounc-ries (photo 26).

Melr sectiorn are sguarcy reetongular and some times trianpular

1180

3otll massive ~nd Aisscrinsted pyrite is seen nltered

to roothites The repl-cecrent of pyrite by goethite has given



rise to sewernl tcxtures like coloform, isiand ~ndé pscdo-

myrmekitice.

Most probably the pyritc of this nrea are of hydro~—
thermal ori~in. The f-ult nlrnc or the Xrol=Tal thrust nlene
mirht have acted 2s the feeding channels for the vyrite be~rin-
hydro=thermal solution which hgs dcposits its pyrite constituent:

at suitoble places both within Xrol rnd 7-1 forr=Sions..



CHAPTER V

SEISMICITY OF TITD REGION

m T ACCOUNTE

Mussoorie and the adjoining regions lie within the
seismic zone of Indias 4 large number of zarthquakes have
occurred in the region. The table attached to the chapter
represents theavailable record o7 some imwortant historicel
earthaougkes which occured in Mussoorie gnd nei-lbouring ovarts

of Horthern India. The epicenters of some of these earthouvexses -

are plotted on Man.l5.

Among %tre most imnortant ~arthquskess which Lave oce-
urred in Mussoorie region during *he past one and ralf a century,
mention may be made gbout the following:

o
In the yea r 1803 (exact datelrecorded) a violent

carthqucoke shocked the entire Garhiwal -“umaun recione It was a
disaster carthgucke losting nearly 30C human lives and damaging

a great number of buildings.

Soon after,; in the year 1309 another strong earthquake
commenced in the Garhwal areas. A huge landslide,y resulting due

to this earthquake, blocked the course of Vishnoo Ganga river.
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On 1lth April, 1843 an carthyuske of sharp intensity
wgs felt in Landhour area of Mussoorie. This earthquake wes

felt in Delhi and Meerut .

On 10th January, 1842 the Mussoorie-Simla region felt
a severe earthqua ke with damage to houses, but no loss of

14fe was reported.

L violent earthquake was felt on “th April 1805. The
main epicentral region was situsted between ¥:ngra =and Dharamshals,
while a minor region of intensity greater thnan icoselsmal 8 wes

present in Dun valley (Map. 6).

The region of high isoseismal around Tehradun was,
according to Auden (19422) sprobably cornected 'Ath cither the
Mahan or Krol thrust, becmuse the long zvis of ellipse repre—
senting isoseismal 8 is showm to 'ie betwgen R~inur and Kalsie
The e~rthoun ke was responsible for great destriction to lifey
and property. le~rly 2,000 1life were lost. Consider~blec damage
and collapse was suffered by house in Dghradun, Mussoorie and
the bazar of Chakrotas Dehradun rose ¢4 foot relative to
Mussoorie as a consequence of the Kangra earthquokes The dome
of the Koorkee University building was domaged and had to be
rebuilt « Crocks in buildinrs and other winor damege was noted
in Lahore, Arritser, Jullundur and Sehar-npure is much as

20,000 human bcings are estimrted tc hrve perished.
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On 20th October; 1937 an earthquake with its epicenter
et UsPw Himachal Pradesh Jorder wss very stronglv felt in Dehradun
and /mbala and strongly 1n Mussoorie and Foorker e« Yo record of

damage to property or life is available.

Local Shocks.

The enquiries made during the present investlgation have
revealed certein interesting information reg~rding the locol
shocks felt in Mussoorie areas ..ccording to %the information
given by the natives of Mussoorie, the southern parts of
Mussoorie hes remained seismic:lly less active during the
past 50 yerrse. On the other hand rild %0 sharp trerors are
occasionally felt in thr Landhour, Jabsrkhet -~rd other northern
parts of iussoorie. .. sharn tremor wos frlt in these localitles
on 27th May 1964+ This shock vhicl,was fa% for 2 or 3 seconds
which caused cracking of wnlls of a few houses,in Landhour and
Jabarkhet arens remained complctely unfelt irn southern parts
of Mussoorie. [ possible explanation wil! bec given in a subsequent

stage of this chapter.

TECTONIC FR.LMD "CRK

The foregoing accounts indicatc towards the highly seismic
nature of the region. The cause of which presumably lies in the

geological and tectonic set—uv of this part of the country.
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LS it has bcen mentioned previously, Mussoorie is
located within the Krol Belt. In this rc-ion there islgﬁgsence
of severzl thrust planes nlong which slices of the crust have
moved consideresule distances in order to adjust themselves
te the cormressive forces. Jutogh, Chail, Glrl and Krol
thrusts and Mainwboundary fault heave been established in the
neighbouring Simla ar~ae« The Krol thrust and the main boundary
faults are persistent in the Dehradun—Garhwal arc- also, where
the Krol thrust have over—ridden the Main 3oundary fault.

In addition , another thrust knowm as the Garhwal thrust has

brought the Garhwal nappe over the Krol belt .

For complete study of the selsmicity of the region
consideration of a3ll these tectonic planes is necessary. But duc
to the limitations of the present work it was rot possible to
do SO .. brief review of Krol thrust , however, is given below.
It is because this tectonic plane is the nearest one to the

area and has possibly more besring on the seismic status of

the region.

STATUS OF ACTIVILY LLOUG KROL ITIUST:

The exact age of ¥rol thrusttis not knowne However,
according to Auden , the thrust rmust hove taken nlocc over -
consider~ble length of tirc. Subse-uent works done by Jalote(1961,

1962) , Krishnaswami (1959, 1C61), and others have reve=1l the

fact thet moverents have been t king pluce in the sub—-Himalayan

areas till the geologically recent times.
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‘uthor's fcllow workel 1. To
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otcy vhile working
in the Tajnur r1eo hrve otcd "het the Crhandrur nhyv'lite
h-ve becr thrusted over the Tun 1 v-lse 7= m~s »lso
obsirved tiltcad rccent torroce demosit olong the
thruste. On the basis of thes- ohscrvrations hs hes come %o
the conclusion th-t 7rol thrust leave becen nctive during +he

recent nast tinese.

POGCIDITITY €2 FUTURD S,.070 .08

70 neriodic renularit: conld he est-tlished for the
commencenent of s -~rthauckes i- %he lussooric re.ion. Cong-
e~uently , 1t Is irrosginle £0 sto5a <lee rvext s ock me he
cxracted in the r¢ ione lowcver , ¥ir forcsoing “iscussion
irdicote “int lussoorie lic¢ undoubtedly in » srisric
arco oné , Srer-fore, the voscibility o scvrre seisvic

damages con not be denied.

The vprescnt wor” hes ghorr the' the VrolooTal
boundnary is a t-ctornic once s ention hrs becen mede
vreviously s it wrs roted "hat rorc e¢-rthruanke s ocks hove
teen recorded i~ the Londhour, Jabarkhet an® other areas
situated nbove thc Trol~Tal bound-:y; than thr aireas
beclo - i%e IE soere £n~3.fore lo~ic~l to helieve that the

Krol:-7al 'oundr-y should .- 1re 1fed -3 ore mxannh o to



the e-:thyuakes thah even the Yrol Thrust. It,is, therefore,
necessary that a debailed inv- stdi ~tion =f the Yrol-mal
contret he undert-kcrn ~vith a vi-sw to study the t-ctonic

anc scismic asn-cts of this mgit ¢f the "Z:alavese
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P.ST R"CORD OF INPORT'NT EATH UAKES

Important Earthquskes in and

Around Dehradun

Date Place Intensity !Zemaﬁ:s.

| o e 4 —

1505~ July 6 Agra Severe Great damafes

1669=June 22 Kashmir Violent Large fissures in grounde

172?;’ 1y 15 Delhi Severe Grezt damares

1726~ § 15 | Delni > 745 Description of damage iné-
icates a marnitude of

f greater than 7.5« Great

damare and larpge fissures
in ground.

1803 Mgy °2 Upper Ganges --- Severe rumbling noisee

1803~ Garhwral- Violent 200 -300 killed, 7reat

Kumaon « damsr "€

1809~ Garhwval | Strong. Lanéslide blocked Vishnoo
Ganrae

1816-May 26 Ganrotri Severe Landslides and rock falls.

1825-March 22 | Delhi. Sharp

1828=June 6 Kashrir Tery severe | 1,000 killed, 1200 houses

and 15 destroyed

1830~July 17 Delhi moderate The last of three earth—
quakes felt during four
months .

1831~0ctober 24 Delhi Severe vlest of Delhi,Nausea and

Continued eseven
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1842~ Tune 16 ,!ﬂathura . Sovere Telt unto Yirzsnur and
, ' C‘.‘L‘Jl’laI’o
1842-- March 5 |Mussoorie aevera., Darare t MOUSES e
~3imla
1843-ppril 11 | Landhour Sharp . Telt upto Delhi and
(Mussoorie) Meerut »
1851~ Feb. 14 |Nainital. Light - Storms
1888~ Aurust 11} 8imla Licht Tw> shockse
1860~ July 9 Dharamshala Moderrte .
1905 april 4 |Kancra Greater ' Creet damace, 20000
TIITI FoFo killed Xanrra snd Dharam--
sala des*royed.
1937—0ctober 20{U+P and H.P. | >V R.Fo Felt very strongly in
Border. . Dehradun and Arhala,
: trourh in Muscoorie
before Poorkee.
1955 April 14 > IV FF ?alt at %irla.
1956~ October 20 ¥hurja 675 23 killed in Bulgndshahr
Bulendshahr and some clightly injured
‘n Jalhi.
1960 Lufust 27 Delhi- 6.0 5Q iniured and miror
Gursaon. propcrvy damsre at llew
Delhi .
t
Date P Arrival Position
_ 2 3
hnese
1256-0ct . et —— Felt at Roorkee.
1958~Dec. cume s-wine 7elt at Hissar, Simla,
Bareilly and Roorkee at
5h. 37 m with intensities
Tty VIT4 VIII respectively
1961=July 13 07 413 430 | 25.8-31 .5 Moderate Intensity well
recorded all over India
| o
[

19

Continuedeeevs’
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1962-July 13

1962~ July 14

i{", 1’1” m_: S -
05, 08, 6

15, 58, 5347

3048545 79.6

80 -‘ﬁ: 9 79 AS

Near Almora in U.P. Felt
strongly at Alwora,
Mukhteshwar Tel

Felt by some persons at
Delhie« The shock was
rccorded in slmost all
observatories in India.

Vear [lmora, strongly

felt at Llmora, Mukbteshwar
landslides near, Joshimath,
Rccorded at almost all
observ-tvories in India.
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SNAUDY LD COCTTTSTTTS
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The »res'nt wor” ~ras c-:ricd cut with

N

view
to study the geoloryy structhre »ne scis~icity of the

South-=Egstcrr nert of lfussoorice e autlor s studied

the ceoor nolopy =nd its r-I-tiornshin «rith #1r reoloric-l

(@]

set—u of thrc rrcoy in Cramtsr Te 3ivc t - reolocy of

¥

tJ

—t

the i rlaven helt is o corinlicted rovoeb it cres nceossary

[6h]

to otndyr *ve gryxlice orks o Yt - emd or reloted

ar ¢ Yvics iv tve Viol i TH . L ooy 0l o supvev of fhe
crovietts rorlts is vresinted I oo o 7T, Tho o mrolory
et o Bhe ghructur. 5 Yo ovroezoct o~ oo looe T 0 sovdied din
Ao~ 1 Tackor TTT TN e Mo T M Tynenarie o mi 0N
iz ~ vars of L c Trol o2 e i oo oo Lemfedfestern

Jivs of a4 nlior syneliace U o fr oo Llol oXoosthA o in the
sren rengc fro~ Tnfra-"rrle tc 7 1 UVrol cdolo ives

conforninr to ¥rol ™ of Til-r

[

v~ Tgst . The V101l Scries
ig ov 1lain by Lorr and T ¢x Tals =7 tir contact
hetroen the two is nob norrate I hes ot shovm ket this
¢~ hret die a frulted 0 AnT corc ¢f t cetupe of ~licded
thructy atleest 30 S nics it oan~e L ovctrocrertic

N e ‘-

deszrirtior of the rocks en' shtenti-tod iET martiall



cherical analyscs and »o7-% -ve"yvgrg Yeg Teen ciyen i
Crertcr IVe The naturc ¢ £ "rrytes ane ~yvrite
occurrence= have s¢-'n rcnortad ond Ciscusssd in the
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