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PREFLCE

During the nast hundred vears, "imalayan belt
has been the scene of nearly 40 nmaior eartheugkes., In the
course of varlous five year-plans of the country, a
number of nrojects have been located and others envisaged
in the rerion, In order to get a nrorzer annralsal of the
seismic gctivity of the Timalayan reZions, it would
na“urally be necessary to declnher the géologioal and
structural features of the varioﬁs areas in sufficient

detail.,

In view of the aboveQ a nroject was jointly
sponsored by the School of Iesearch and Training in
Tarthquake Tngineering, Roorkee and the Denartment of
GeoloLy ond Geophysics, Miversity of Lcorltees The sneci~
fic objective was to assess the selsnicity ol the
Mussoorie=~Rg jnvr resion of Uttar Pracdesh, w ich would
involve detailed reological and stfuctur;l ria~ning s The
area was divided into four sectors and Sarvasri Bhupendra
Singhy 8eMs Salneka, Gopalji Singh and the zuthor were

allottecd separate sectors.

The dissertation covers a short account of the
geological set—ur, the lithological characters, the
structure and tectorics, the major landslices and the
seismicity of the area. A numbe; of interasesting obserr-
#hionz were rude and it is hopac tla' futuys cork 471

further elucidate many wsolved problemss
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CHAPTER - I

THE AREA

LOCATTON

The area investigeted is enclosed by latitudes 30° 8' 5n
and 30° 26' 5" and longitudes 78¢ 2' 38" and ﬁae's' 5" 1lying
in the topo sheet No. 53 J/3.

Approximately ninteen square niles of foot hill region
in the Dehradun District =~ extending from Baldi river in the
east to Bhitarli in the westy was taken up for detailled
Investigations. Dehradun—Mussoorie road passes through the
region revealing good sections from Dhakpatti which is approx—
imately six miles north of Dehradun city. Rajpur~ a suburb of

Dehradun =~ 1s situated in the heart of the area (Pl-te 10el)

Formerly Rajpur was a very irmportant communication centre,
since the mule track connecting Mussnorie with Dehradun ererged
at Rajpur. After the development of Mussoorie township and the
construction of motor rozd “between Dehradun and Mussoories Rajpur
township was virtually deserteds. Tibetan refugees have now been
settled there and a sizeable population existse In view of the
scenic beauty, a number of ashrans have lately been developed

around Rajpur— namely Shahanshahi, Ram Tirath and Bengall

Ashrams .
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CHAPTER - I

THE AREA

OCATIO

The area investigated is enclosed by latitudes 30° 8' 5t
and 30° 26' 5" and longitudés 78¢ 2' 38" and %8° 8' 5" lying
in the topo sheet No. 53 J/3.

Abproximately ninteen square niles of foot hill region
in the Dehradun District — extending from Baldi river in the
east to Bhitarli in the west; was taken up for detailed
investigations.« Dehradun—Mussoorie road passes through the
region revealing good sections fron Dhgkpatti which is approx-
imately six miles north of Dehradun city. Rajpur— a suburb of
Dehradun =~ 1s situated in the heart of the area (Pl-te 0.l)

Formerly Rajpur was a very important communication centre,
since the mule track connecting Mussnorie with Dehradun energed
at Rajpur. After the development of Mussoorie township and the
construetion of motor road “between Dehradun and Mussoorie, Rajpur
township was virtually desertede Tibetan refugees have now been
settled there and a sizeable population existse In view of the
scenic beauty, a number of ashrans have lately been developed
around Rajpur— namely Shahanshahi; Ram Tirath and Bengall

Ashrams e
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About 3% miles south~east of Rajpur, lies Sahasradhara—

which is a famous pienic spot along the banks of Baldi rivere.
SIIMLTE

Lbove 5,000 feet, the temperature remains comfortably
cool but most of the area investigated lies below 5,000 feet o
The climatic conditions are tropical in the months of Lpril,
May and June. it this time of the year, the denscly jungle
covered river valleys are hot, humid and unpleasant. The ares
1s visited by a heavy monsoon during late fortnight of June
which extends upto July and Auguste The annual rainfall
exceeds 60 incheso In winter, the temperature reaches below
freezing point, particularly in the months of January and
February. The snow fall takes place above the height of
5500 feet approximatelys .

TOPOGR.PHY

The areay ranging in elevation from 2500 to 5500 ft .,
forms the southern part of the main Mussoorie hill ramges. At
léwer altitudes, it represents an undulating topography which
is dissected by an intricate drainage system. [, number of
hillocks ranging in height from 2500 to 3300 feet prbject out

from the Dun Gravel deposits— which are gently sloping towards

the Dehradun Valley.



GEOMORPHOLOGY

The rocks exposed as the part of Krol 21t and of the

Siwaliks, show distinctive geomorphological characters.

The Siwalik hillocks are generally elongated in a
N{*=SE direction but some are trending NMNE=SSW also, which
night be attributed to the excessive erosion of S8iwalik
formation by youthful streams emerging out from the mountains.e
The lternating loose sandstones and clay=shale beds of
Siwalik exhibit typical differential erosion as a result of
vhich sandstone escarpments are distinctive. This is true
for the entire Siwalik Ranges (Wadia, 1961 ) and 1s shown
here as well. The occasional conglomerate bands with;n the
Middle Siwalik sand rock formations nroject out as seen at
Kiarkuli hiver Sections The c]a@*shale

having been easily weathered forms cornices.

The rock types in the Krol Belt show differential
geomorphological characteristics. The dominent rock types
are Shale-glate~Phyllite—quartzite succession and massive
limestone with marble.

The weathering of phyllites and slates in thé Kalagad
area has resulted in the formation of vertical »scarps which
expose sections parallel to the regio. 1 strike. Similar
prominent escarpments are seen at Klarkuli river and half a

mile from Kothal Gate on the Dehradun=Mussoorie road . The

rocks being very fissile tend to weather easily thus affect—

ing the stabllity of slopes. The slates show landforms similar
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by Badil Nadi in Sahasradharaz region and elsewhere also.

The streams have comparatively steeper gradients in
higher reaches where occasional water falls and rapids m~ri:
the course.  bout one and a half miles V.E. of Rajpur, in

the Rispana Rao, a 60 feet high water 211 1s seen.

Nalota river which originates at Kothal gate at
Rajpur has cut its course through gently sloping terrain
composed of Dun Grevelse. It has been observed that the

Nalota river does not have sufficient discharge. In fact
it goes underground for some part of 1ts length. This

appears to be due to:

’ 1) the river flows throuch a resion where s thick
grevel deposit exists below the river bed—vhich .

highly nervious in noture.

ii) The water in the streesm is insufficient so =g e
scturate thin grevel—devosit which might be precs.:
below the river bed in order to have a consitrat
surface flow.

The drainage system of the ares feeds two major
rivers of India~the Yamuna and the G-nves. In fact BhitexI:
Kiarkuli and Nalota rivers in the western part of the avea
tend to flow towards Yamung s while Baldi Nadi flowing in ths
eastern part of the area'meetsthe Ganfess |

Ls would apvear clear from the drainage map of the
areay there is development of dendritic pattern which might

be due to different rock types present in the ares and the':
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to those of phyllites (as seen at Rajpur, Sahasradhara and
Kinrkull river areas). The more metamorphosed and less
jointed slates and associated quartzites, however, sustain

better slopes.

The limestones form the hill tops in the entire region.
Though 1t does not exhibit characteristic 'karst' topography,
yet at a number of places, caves are seen which are apparently
due to the solution effects. In fact, near Sahasradhara, huge
caves are found in the limestones at lower levels in which
stalactites and stalagmites are seen. A number of springs

emerge out of these cavese

DRAIN/GE"

The area is drnined by five rivefs - namely the
Bhitarli, Klarkull, Nalota, Rispana Rao and Baldi. Originatigg
erm the southern side of the main Mussoorie hill ranges, the
rivers flow southwards into the Dehradun velleye. The Nalota
River originates from Kothal gate at Rajpur and flows in a

southward direction (Plate Nos 2 ).

A1l the four rivers, except the NMalotay are young
rivers as they are constantly eroding their channels even today.
They have sufficient gradient to carry all the bed load brought
to it by their tributariese They flow in narrow valleys which_
they have cut for themselves- These streams occupy the entire

floor of the valley whose sides are very steep in the mountainous

regions, but flatten out as they emerge into plains, as exhibited
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by Bad il Nadi in Sahasradhars region and elsewhere alsoe

The streams have comparatively steeper gradients in
higher reaches where occasional water falls and rapids m-ri
the course. .bout one and a half miles N.E. of Rajpur, in

the Rispana Rao, a 60 feet high water foll is seen.

Nalota river which originates at Kothal gate at
Rajpur has cut 1ts course through gently sloping terrain
composed of Dun Grevelss It has been observed that the

Nalotw river does not have sufficient discharge. In fact,
it goes underground for some part of its 1ength- This

appears to be due to: -

R i) the river flows throurh a rezion where a thick
grevel deposit exists below the river bed-vhicl .

highly nervious in noture.

1i) The water in the stream is insufficient so ng “r
scturate thin gravel—devosit which might be prevss:
below the river bed in order to have a consinng
surface flow.

The drainage system of the ares feeds two major
rivers of India~the Yamuna and the G-nves. In fact Bhitas=i:
Kiarkuli and Nglota rivers in the western part of the area
tend to flow towards Yamuna, while Baldi Nadi flowing in tis
eastern part of the ares meetsthe GenFess |

As would appear clear from the drainage map of the
ares sy there is development of dendritic pattern which mighv

be due to different rock types present in the ares and the'
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varying derree of susceptibility to erosione.
VEGET/TION

In the arer investiroted, there are three
dominent tvpes of vegetation charscteristic of 'Siwalik
formation', 'the Jaunsar~Krol formation', and 'Subrceent

to Lecent formetion' e

The Siwallk hills are principally covered by
?dense forestss The rost important tree is the Sal {Shorea
rohusta) s which in fact marks the presence of Siwalik format=
ionss They are found ot heilrhts less than 3500 feet. Sal trees
sometimes form almost nure forests. The other trees are

Shisham‘(Dalberﬂia sigso) s the thorny khair (Lcacis

etechu) and Bamboo (Dandrocslamus strictus) e

In Jaunsar-Krol formation the vegetation is
scanty except where loyer of soil is found or in the weathered
shale formations. .t higher re~ches, vine trees are common. Oak

is the principal dominent tree in the Intervening regions.

In the recent and subrecent formetions there are

mostly cultivated lands or gardens of Mango, 'Jamun' 'Lichi!

etce Pipal (Ficus religosa and F, cordifolia), Neem and Barrat

trees are found near the villagese

SCOPE OF “OFK

The field work entailed system~tic geological
enlan ed
mapping of the area on 6" to 1 mile scale which was éﬁ&g{lé
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from the original one inch topo sheet No. £3J/3» Specci-1
attention was given to the geological studies pertaining
to the krol thrust repion. In view of the ruzged terrain
1t has not been possible to trace all the outcrons of
individual litholoric units alon¢ the strikéiiong distancess
/. number of traverses were token along the various streams
and road szections. The outcrops were marked on tue map which
were subsequently correlszted and joined in the field. In
order to ensure accuracy, intermediate traces were checked
at a number of places. For the type of work, structural
mapping was also done in greater detall near the thrust zone.
The laboratory work included petrelogical examinat ion
of various representative rock tynes in hand snecimen and
under microscope. Heawy nineral studies of the Siwalik

sandstones were made to distinruish the lower and middle

Siwaliks.
In view of the numerous landslides in the area an
attemnt has been made to study them.

For the nroper appreciztion of seismicity of the area,
data were collected on the nrescribed form; for the intensity

and the effects of the previous earthruakes felt in the regione
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GEOLOGY OF TH¥E® 4FLE.

.~ PREVICUS WORK

Y
h'dilth i b dal sl bt sl Sl ekt
XKoo A

7.8 Medlicott (1864) ~r~ve the first authoritative
account of a tract of the Tirelave, lylng betwecen the Revi
and Gongcs riverse His attention was confincd nrincinally

to tte¢ Tecrtiary rocks which he classificd as under:

Sub=~inaleyan Serics

UT’)pCI‘ 7 to se e Siwelik

Mi("(:' 16 . ee v v .T‘Tahan

Lower " esaes (K{’ saoli
(Nurshal
(Subatshu

The pre—tertisry rocks were clessified by him

on the besis of the degrece of nctrror~hism as:

Mimplayan Sericse

1. Unmetanornhic
Krol.
Infrs Krole
Blaini.
Infra Blaini.
2+ Mctanorniic

Crystalline an” sub-cryst~JlJline rocks.



TaT'e Oldham (1883, 87, 88) »ublished a series
of p-ners on the reology of the hills betwcen Simla and
Chekreta and was mein’y concerned with the Blaini and Infra
Blainl succession. In his second paver he sur-ested a glacial
orirgin for the Blaini conglomer-te, renamins it a 'boulder
slate's In his fourth nrner he ~ssisned rn Tmer Palaeozoic

~re to the Krocl beds .

CoSe Middlemiss (1R87) manped and described large
areas of British Garhwals ! new stenderd of asccuracy in manp—
ing was introduced and possibility of great rock translations

was foreshadowed.

Middlemiss (1890) found thot the Unver Siwalik
Conglomerates have over-lavned the Mphans, on to the trans
of the pre-~Tertlery rocks, truncating the }Main Boundary Fault .
This proves that the MR F. of Garhwal was pre-Pliocene.
Middlemiss also noted that a later reversed fault in the same
Gangolis locality, hes brousht Middle Siwaliks on to Upper
Siweliks. The thrusting must have continued over a considerable

length of tire.

Thomas Tollaad (1008) described & stristed boulder
fron the Blaini beds at Siwle, further substentizting Oldham's
supposition of threir glacial origin. de surcested a Purgna age

for the Blgini.

CeSe Middlemiss (1910) rave an account of the

relative difference in elevation between Nehradun zond
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Mussoorie as a result of the Xanrre earthquz'-e of 1005,

© The errlier levellin- 6f the ye.r 1982 from Sgharannur fo
Dehredun was repented in 1907 to notc the ch'nzes,_in view
of the ambiguity in the height of Mussoorie (Vincent Hill)
with respect to Dehradun, which wes noted soon a~fter the
earthouske in 1906+ On the basis of the data of levelling,
he conclﬁded that Dehredun rose by 328 inches relntive to
Mussoorie, which was consicdered to be st~ble (‘prnendix It

~nd Pl-te No. 15)

HeCe Das Gupta (1915-18) nublished various
papers on the age and correlstion of the rocks in the Solon

and 8imla arease

Pilgrim and West (1928) completed the detailed
surve& of the Simla hills, using the excellent two'inch
to one mile Punjasb forest manss Thelr work wes confined alrost
entirely to the rore metaﬁorphosed rockss They re-lised that
the esoparent simplicity of the ssctions at Sirl- wes probably
deceptive and; discardins the correlstion of'the rocks at
Simla with those of the Krol hills, thev suggested instead
that a series of thrusts had brought rocks of different degrees
of metamornhism to lie in abnormal juxtenosition. This

succession is as follows:

De7shail series ceese Lower Miocene

Subathu series vesee Micddle Focens to Upner
0ligocene
f)

Krol serics teese (
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Krol sandstone )
Infra krol beds
Bl~ini Timestone
Blaini conglomernte )

veesss Lower Gondwana .

Simla series (Infra Blaini)aseese Lowcr Palaocozoic s

Jaunsar series vesses Purans,
Chail series eseese Purona .
Juto‘:h series . XEEEX) _&’A;"Cl}’e“ean ? —

Shali Limestene and slates eovos Pogition unccrtein

The sequence of Jutogh, Cheil Jaunsar and Simla scries

wes considered ~s follows:

Jutorh series

o Jutogh Thrust

o . .

g Chail series -

S 4. A

S e A —- .~ Chall Thrust.

9]

% Jaunsar series

T |- o . Jaunsar Thrust .

o :
’ )

@ |[~utochthonous scquence of

@ iSirls sletes to Krol rocks.

4 unper carboniferous =re ves reintroduced for the

Blaini bed Se

Wadia (1928) r-ve an account of the feolopy of
Poonch state and adjacent portions of the Punjab. "e indicated
.the existence of er¥tensive thrust nlanes, and of volcania
rocks in the Unper Carhoniferous and Perminn which was further
emohosized in his later work, narticularly trat on %he

Himalayan syntaxis.
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1 .. - 3.
Lower Simla slates with Deohan limestone
Palaczoic o~nd | Fakarhatti lircstone
Pre~Cambrian Siila slatcs.

- —— - —— P . —-—

Miocene and

older Dolcrites

Dealing with the structure and tectonics, ‘uden
inferred thet the structure of Krol Belt is that of two
thrust—bound synclines of Krol rocks resting on a Jaunsar—
gimla slate foundetions. He has named the two synclines as -

1. The Nigall syncline.
2. The Xrol Hill-Kamli ~Dhar syncline.

Discussing the Krol thrust, 2uden has said that it is
the "Mainlxunéa;§ fault" of carlier writers who heve described
analogous arens. From Solon to Dadahu, it brings Infra Krol and
Blaini rocks aainst Subzthu, Nershail ond Kesauli sta-es.
Purther eest, 2lainl,; Jeunser and Mencheli rocks override
Subathus and eventually comc to iie upon MNahans. e mentioned

that the thrust below Mussoories is the continuation of the

Krol thrust. ‘

In the Kalsl orca, the Krol thrust rrings
pre-tcrtiary rocks to rest upon. “~hang.s . Thic thrust rust,
thorcfore,y be of Mioeccn or latrr afe. %t Bilasnhur the
Krol limestones are seen to rest at 30" to 40" uvon Unver
siwalik Conglomerntcs. The latest rovement of the thrust

here (Bilasnur) cennot he older than Pliocene. The scme
inference a=plics to the thrust at Dadhuw:1- which bring
1iddle Siwoliks to rest uron Upner Siwaliks.
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o tuden (1934)

g however,; comnleted the most

rem~rrkeble work ontthe Krol RBelt and ma»ned the Simla and

Dehrzdun »rrcas. His authoritative account has formed the

basis of rore detsiled investi~-tions by later workers. He

~ttempted to correlate the succession of Solon area with

thet of Tons rerion and «ave the followine stratirranhical

seguence

-

r ——r o —

1 2 3
Lee Solon neighbourhood | Tons river neighbourhood
Miocene ‘Nahans (only at ° 7
Kalka) Mahans
-
Lower Kasauli
Miocene Dapshal Dafshail
O0ligocence Subathu (Nummulitic) Substhu (Mumrulitic)
Eocene
Cretaceous Upper Tal
and absent Tal Lower Tal
Jurassic
Krol % Eph T
N 0
EEEE_E% Ling¢stone
Krol C |
el L 1|r
Krol |Krol |grol p| Krol gKrol|
Series L%meﬂ (Red | Series %%gg Fed shales
stone  ghales) N
Krol . Lower Yrol
| 1. .Hine stong
Krol sand |
stong |
| Infra kKrol JInfra Tyrols
Upper CarbonitBlaini laini
ferous ] . . _
Devoniagn and |Jaunsar with Nosthat strfe ) Jaungar
Silurian possible Mandhali Chendpur steore g Series
Mandhali stnfe

(Continued...)
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L - N 3
Lower Simla slates with Deohan lirestone
Palaczoic ~nd | Vakarhattl lircstone
Pre-Cambrian Si.1la slatcs.

- - - e e ——

Miocene and

older Dolcrites

Dezling with the structure and tectonics, ‘uden
inferred thet the structure of Krol Belt is that of two
thrust—bound synclines of Krol rocks restine orn a Jaunsar—
Simla slate foundetions. He has named the two synclines as -

1« The Nigall syncline.
2. The Xrol Hill--Kamli -Dhar syncline.

Discussing the Xrol thrust, ‘uden has said that it is
the ”Npintxunéa;; fault" of carlier writers who hove described
analogous areas. Fror Solon to Dadahu, it brings Tnfrs Krol and
Blaini rocks g ainst Subzthu, "Nershai zné Kesauli sta-es.
Purther eosty 2loiniy Jeunser and Manchell rocks override
Subathus erd eventually comc to lie upon Mghans. He mentioned

that the thrust below Mussoorie is the continuation of the

Krol thrust. '

In the Kalsl ~rca, the Krol thrust trings
pre~tcrtinry rocks to resf upon . ~hang..Thc thrust rust,
thorcforo, bec of Mioeen or l-trr ofe« Lt Bilas»nur the
Krol limestones are secen to rest at 30" to 40" upon Unner
Siwalik Conglomerntess The latest rovement of the thrust

here (Bilasnur) cennot be older than Pliocenes The scme
inference »»plics to the thrust at Dadhuw:l- which bring

Middle giwnliks to rest upon Uppner Siwalikse.
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ruten(l 37) pave a further account of the Krol Belt

aind discussed in 7 tail the ar ~s lying "ast of 757 lonsritude.
The successionn as cnuncrated for thls arce 1s niven bclovae

Infra Krol Slates

Unner Blaini boulder—
bed and dolorite.

Blaini slates

Lover Dlainl bhoulder
bed |

Narthats

- — . e

. -~ -

Chand-ur

\/\/\/\/\/\/\/\/\.

AN ~ANNANNA

AR A A AN

2,000

3,000

4,000
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tJurassic

Probaghle ave«

f e s W e e e e———

e

Unner Miocene
to Mleistocene

-

Lower Miocene

Eocene

Unner Cretaceous ?

N

¥
)

Cretaceous

Trians )

Permign’ .

Forri~tion Unconfor- | Aonroximate
mities m-X imum
thickness
in feet .
——— . W B W W miip, ¥ b kW ks VT W hesesifenamt . e eT A ey ..Ar-- - T mg | W v @
Siwalik 16,000
Murrel (=1lmost -bsent- ?
e~st of lon~itude 78° ? . :
Nurrulitic ‘ ¢
- AV WA Ve W ¥ !
Tal limestone and
Cmlc prit 200
- —JV\/"\/W" I\
Upner Tal 4 4500
Tel |niartzite ’
wer Tal shales 2 ,00N
A4 \JA;}){}A"“'VD !
Unper Krol .
Dolomities lime= 3,000
: stones and shales
Krol
Krol Red shales ] 1.0
- ’ - Oo
Lower Krol lime- ’
stones and shaln‘

Talchir?

Devonian ?

.

I'O"'el' 2
Palzozoic and |
Precaihrian

Dolerites

Late Tertiary
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5+ Gronite zone - consists of paragneisses and schistss

6+ The Tethys zone of fosslliferous scdirents— The
rel-tionshin of this zone to rrenite ~1” nnra preiss was

considered obscure.

Krol Thrust-its /re and Moverents

The neximum age of the Krol thrust ves estehlished by
the n.esence below it of Murivlitic ond D-orsheil rockse. This

thrust canrot therefore, be older thon Burdicelians

Hc s2id thet some of the rovements along the Krol thrust
are rore recent than Helvetien which 1s nroved by the freacuent
jd%aposition of vre~Tertiaries upon Nahané between the Jumna
river end north of Benéal- Further in places even the Upner
Siwalik conglomerates are involved in over thrusting of pre~
tertirriess Ten miles north west of Dehradun, the boulders of
these conglomer-tes are so shattered thet it 1s imvossihle to
ohtain hand svreimen of thems Similpz overthrusting oceurs at
Bil~snur on the Sutlej river s Thess noverments were considered
to be of lover pleistocenc or eveun loter agee H- found it diff—
icult to believe thet maicr lLiorizontal movemerts of the Krol
and Gorhw~l nanves over a distance of severnl miles should t=ke
plrce ~s late =s thiss By lowex Pleistocene tires, the uprer
nanves h-d ~lrcody been worn swryv into outlierss The forretion
of these upver nenves could only h-ve trken nlace hefore erosion.

These outliers would “e unrhle to translate the stress; oc unit.
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fuden suggested 2 classification of the ¥rol Belt

on the basis of tonorranhy =nd structure.which is riven belowe

Tonocranhical Zones

le Siwalik rar e and Dun

2(a). Onter lowe: Himaleva, with an intricate
network of spurs ~nd rivers.

(b) Inner lower Himalaya with simpler tono~raphy .
3+ Main Himalevan renre with 1ts deen scarp slopes
fac;nﬁ towards the vlains and rentler dip slopes
facing Tibet .

2h peaks north of the Main Himalaysn Range with

4. Hi
irrersulser disnosition. .

Tectonic Divisions (for the Garhwal Himzlayas)--

1. futhochthonous unit— The base of this unit is probébly
the fimla slate series, overlyines which occur Numulitics,
Murrces and Siwaliks. Thrusts occur with this unit but do not
seem to be of nremier magnitude. The most important thrust is
that—which has lon? heen called the Main Boundary faulte. This

autochthonous unit anmne-rs to occur within the Himalayas.

2+ The Krol Vanne~ thrust unon the autochthonous unit

and correspondins to the Krol Belt.

3+ The Garhwal Nappes—~ thrust upon the Krol Wanpe. The

main Garhwal Nappe moy hrve its root in the main Himalayas range.

4. The Main Himalayan range~ with elerments common to the
Garhwel Napoes and the distinet group of para—fneisses and

schistse
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5¢ Grrnlte zone - consists of paragneisses and schists.
6+ The Tethys zone of fosslliferous sedirents—~ The
relotionshin of this zons to rranite »n” vora pneiss was

considered obscure.

Krol Thrust—-its /re and Movements

The meximum a¢e of the Krol thrust wes estshlished by
the p.esence below it of Numrulitic ané D-rshai rocks. This

s

thrust canrnot therefore, be older then Burdicelians

He seid theot some of the movements along the Krol thrust

are rore recent than Helvetian which is nroved by the fresuent

ct
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ics unon NMahans bhetween the Jumns

!

jd%aposition of vre Ter
river end north of Ben:als Further in vlaces even the Upner
Siwalik conglomeretes are involved in over thrusting of pre—
tertizricss Ten miles north west of Dehradun, the boulders of
these conglomerstes are s.. sha*tered thet it is impmossihle to
ohtain hancd sn-cimen of thems Simile: overthrustinge occurs at
Bilrsour on She Sutlej river. Thess noverents were considered

to be of lover pleistocenc or even loter aree B found it diff-—
icult to bhelieve thot maicr horizontal novements of the Krol

and Gorhwal nanves over a distance of sever~l miles should t-ke
ploce ~s late =s this By lower Pleistocene tires, the upner
nepones hod -lrcody been worn r~wry into outlierse. The forretion

of thsse uower nrnoes could only h-ve trken nlece hefore erosion.

These outliers vould e unnhle to translate the stresss, pc unite
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fuden exnlsined +r foldins in "rol ana Gerhwal
napnes as 2 result of the resistance offered by the floor
upon vnich the movement wns affected. The roverments along
these thrusts took pl-ce before the river dissections had

reached the nresent pronounced st-re.

Concludinr,y fuden observed "e.eo.ee there hes been more
than one period of moverents, the stronger movements perhaps
during the Helvetiagn nné the later movements durineg the

Siwalik and post Siwelik ".

fuden (1942, a) while denling with the geological
investigrtions of tunnel alignment for Jamuna Hydel Scheme

hns discussed the rerional geological set--up which is as

follows.
Turopern time scole Tndisn terms
Tliocene Mohans Youngest
Tertiary
Eocene~Miocene Subathu--
Dag¢shai
series.
Palaeozoic Unper Carboniferous Blaini series
to
Precrmbrian  |Plower Palaeozoilc Mandhall series. Oldest
'to Pre=cembrian

He mnint~ined the glacial origin of 3lainis ond described
the rlscinl tillite to be 200,000,000 y=~rs o0ld. Repording
Mandhnrlis ie felt thrt thelr nosition was very uncertain in
the tire scrles Its are was inferred to he olcer then the

Blainis. Tectonicnlly the Manchalis and Blainis have been
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thrusted over the Subattus and Dnarshal formstions
(Krol thrust) which in turn have becn thrusted over
the younrer M-han formetions (MNohan thrust). Both the

thrusts dip Morthwords.

In the violent Kanera corthguake of 1905 though the
nain epicentral rerion was situated betwecn Kangra and
Dharamshala s a minor repgion of intensity rre-~ter thon
isoseisme] VIII was vresent in the Dun v-llev (Plate No.14 ).

He has described thnt the focal plane of the enrthquake
was associated with one of the boundary thrusts present in the
Kangre velley, a2lons which Murree rock hnd bheen thrusted
afeinst the Siwalikse This thrust is homologous to thg Mahan
thrust of the Giri—Tons arees The rcgion of high isoseismal
around Dehr;dun w~s prob-~hly connected with either Nghan
thrust or the Krol thrust, because the lont esxis of the
ellipse revresenting isoseismal VIII is shown to lie between
Fajour and Kalsi. Considerable camare and collavse wns suffe

ered by houses in Dehradun, Mussoorie and bazar of Chakrata.

Luden concluded that the zone of landslips on the
south side of the Giri river and north side of the Jumna
runnivy from Bakan to Danda (53 F/10, 63 F/14) was connected
with a past errthquake of great violences This zone is
demarcated by = chain of lzkelects and devressions as is
well scen ot Bakan. In view of their parellel alignment to
the Nahan thrust, he feltlthat they had develoned consequent

to the reperted movements along Nohan or Kiol thrusts.
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Krishnan and Swanin»th (1959) refcrred to the

earlier work of V.H. Boileau on the Simla Hills, corpleted

during 1948 to 1952. Stratigraphic and tectonic problems in

the sub-Himnlayes were discussed and a ncw interpretnation of

the relationships of the formetions and correlstions was

suggested. The Khalra Quertzites of Dharanshala, Mandi and i1 =

Bilaspur areas were correlated by him with the Tanakki quart-

zite of Hazara= which occurs beclow the Sirhan limestone 2nd

with the Blaini boulder beds. Though the Blaini Boulder Beds

were earlier regsrded equivalent to the Talchir Boulder Beds,

V. Boileau suggested that they werc aporoximately equivalent

of the Kalmur series of the Vindhyans. With this as the basic

1deay Boileau has sugrfested a correlation of other sub-Himalayan

formations including Krol series as shown in the tables

Correlantion

(Part of VeHe Boileau's Tentative)

Suggested age

Peninsular India

Simla=~Garhwal Krol
belt

Carboniferous

?
?

Ordovician

Middle Cambrian

Bhander
Rewa

Kainmur

Iohtas stage
Tirohan movements
Kheinjua stage

Porcellanite stage

Malani Igneous
activities.

Tal series
Upper Krols

Krol red shales.
Lower Krol

Bl~ini .
(? Mandhali)

Deoban limestone
Nagth\"t .

Continued .. c/
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Luden (1942,b) investizoted the cause of the
Kalagad landslip on Dehradun~Mussoorie road. According to
him gradual floodine of the Kalarad ravine witlh gravel is
due to perennizl landslip which operates at the head of the
nalas Protective measures werc first started in 1928. He
also reported that the filling up of the Kalagarh ravine has
been taking place even before 1913=1914.«

In the year 1941-42 for a distance of 2960 feet below
the bridge, the averace rrndient was 5°. From the bridge upto
the toe of the slip, the credient was 107 Finally the average
gradient of the slipped hill rose to 36°; the height of the

slip zone was 686 fect.

During the monsoon of 1941, a heavy down pour on the
night of Aupust 21=22, caused the flooding of 400 feet of the
motor road with gravels to a depth of 4 fect.

He felt that no protective mecessures would he useful in

view of the slope being 36", which 1s considerably in excess

of the stable slope of 25" for sheared and jointed slates,

Luden (1942,c) reported on the workability of the
marble deposits for their use in the manufacture of calcium
carbide, giving details of the chemical analyses and a map

of the marble band.

Ravi Proknsh (1958) gave a further note on the marble

of Bheotta near Mussoorie.

DsReSe Mehta and Narayan Murty (1959) gave an account

of the high grade limestone deposifs of Dehradun—Mussoorie areae
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Krishnan and Swaninsth (1959) refcrred to the
earlier work of V.H. Boileau on the Simla Hills, coupleted
during 1948 to 1952. Stratigraphic and tectonic problems in
the sub-Himnlayss were discusscd and a ncw interpretntibn of
the relationships of the formetions and correl-tions was
sugeesteds The Khaira quartzites of Dharamshala, Mandi and 2371 =
Bilaspur areas were correlated by him with the Tenakki quart—
zite of Hazara— which occurs below the Sirban limestone and
with the Blaini boulder beds. Though the Blaini Boulder Beds
were earlier regsrded equivalent to the Talchir Boulder Beds,
Ve Bolleau suggested thnt they werc apvroximatcly equivalent
of the Kalmur series of the Vindhyana. With this s the basie
ideay Boileau has surrested a correlation of other sub~Himalayan

formations including Krol series as shown in the tablesa

(Part of VeH. Boileau's Tentative)

Correlntion
Suggested age Peninsuler India Simla—=Garhwal Krol
belt
Carboniferous - Tal series
Upper Krols
? Bhender Krol red shalese.
? Rewa Lower Krol
Ordoviecian Kaimur Bl~ini .
(? Mondhali)
Middle Cambrian Iohtas stofe
Tirohan movements
Kheinjua stage
Porcellanite stage |Deoban limestone
Malani Igneous Nagthot e
agetivities e

Continued +osf



Sugrested are

Peninsulnsr India

8imlo=G~rhwerl Krol

belt
Lower Cambrian Basal stare Bhimtal
Volcanics
Erinpura porogeny
Precambrian Ljabgarh Chgndpur
Llwar Chamoli
Rialo ‘Tojanm

PW.N. Mchta (1962) while describing the regional

geology of Yarnuna Hydel Project region considered Krol thrust

as the 'gravitational glide plane'. The contact of Mandhalis,

Chandpurs and Nagthats have heen described as thrust plane

as shown in the table below:

Devonian

Silurian

Eocene

Middle Miocene

Nagthat series

Thrust

Chandpur series

Thrust ———

Mandhali series

Krol thrust — (or the Krol gravit—

ational glide plane)

Subathu~Dagshai scries .

~———*——Thrust;~—(or overfold)

Nahan
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In his view, therc does not scem to be any nositive
evidence to surgest that future shocks will necessarily be
connected with the Krol or Nahan thruste He believed that
the rocks of the area have been transloted over long distences
and now they form autochthonous unit separoted from 1ts root
aTer due to grnvitational gliding . He felt that 211 the
stresses, to which the rocks mgy have been subjected to in
the past,; were likely to have been relcased during the process
of translation from their original place of depositione. Thus
thrust plane need not necessrrily be considered as offering

focl for any earthjuakes in future.

In the end he concluded "essos The Kr61~Tons thrust
plane may not be a plane of continuing stress accumulation,

so as to serve as possible focal plane for future earthquakes.
However, if there is any accumulation of compressional stress
along the Nahen thrust, (which lies close to the Krol thrust)
there may be a relcnse of this stress by movements along the

thrust' .

Krishnaswamy (1962), while discussing the structure
end tectonlc features of Punjab~Himachal Pradesh Tertiary
rentrants with the pattern of seismicity of the region,v
~concluded that Satlita thrust was possibly the most likely

tectonic ferture involved in the origin of the Kangra shocks.

SePe Jalote (1962) undertook invcstigations rel-ting

to the seismicity of the Satlita thrust in the Beas Dam project

region, established subrecent and recent movements along the



e
Satlita thrust in the vicinity ol dnn site.

Foina (1963), dealine with the correlation problems
of Simla Hills has correlated the Mandhalis with Blainis,
gather than recopnisin~ :he existance of two different boulder
beds of widely “ifferent ages. He further mentioned that the

Jaunsar—-Simlg Slate junction is a thrust plane.

Ahriad (1663 ,a) 5, dealing with the age and correlation.
of the glaocial deposits of the Hiralayen region has correlated
the Blaini Boulder Bed with Talchir Boulder bed of the Peninsula
and has recognised four distinct periods of refrigeration in

Himalayas .

thmad (1963, b)‘while discussing the epiorogenic
activity in the Hinalayan refion, has drswn attention to a
nunber of perho® river terr-ces which are often not even mildly
tilted. He considered that thev ray have been formed hy a
vertical uplift that might heve been foing on since'the
Pleistocene neriod. ¥e ssid that there are also distinct
evidence of strong orogenic activity in the rerion and believed

that hoth could co—-exist .

Hukku and Akhtar (1963) described the structure and
tectonics of the Frol thrust in the vicinity of *he Sundernafrar
Sutlei tunnel, Mandi end cbserved somne Mol fanilte and drag
folds ip the overthrust -n’ urfc.--thrust sheets, indicative

of folded thrust sheetse



Raju (1963) indicated the heavy mineral character—
istics of the tertiary formgtions lying between Jammu and
Western Nepal. He observed that the Subathu and Dharamsala
are'characterised by simple minergl assemblage consisting Qf
tourmation garnet, zircon with occasional epidote and flooding
of barite in certain horizons. The Lower Siwalik sequence is
characterised by the incoming of Staurolite and epidote, which
~are persistant throughout. Addition of kyanite to the above
assemblage marks the Middle Siwalik suite. Upver Siwaliks

are characterised by hornblende and sillimanite with local

occurrence of Andalusite and sphene.

- Ranga Rao (1963), while describing the traverses in
Himalayas of U.P., has discussed the probability of Krol Belt
as autochthonous unit . This conclusion is based on the fact
that in upner reaches of Bhagirathi-Tons area he observed
Deoban limestone occurring in normal stratigravhic contact with
Simla slatcse. He helleved that there were five cycles of

sedimentation in the XKrols.

Wadia and West (1964) gave an account of structure
of Simla Garhwal areas They considered Dun gravels of east of
. Grnges as of Pleistocene age where Palasozoic and Mesozoie
rocks directly abut against them. Regarding the orogenic
movements in the region, they concluded—

"There were more than one veriod of orogeny e The
earliest is pre—Eocene, as Subathu sediments are found

resting unconformatly on the strata of palaeozoic and mesozoie
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ages 1in different areas in this region. A large scale
post—subathu movement resulted in the translation of

sheets of rocks southwvards along lovrangle thrusts in a
series of nappes; possibly with abuncant intrusions of
granites in the root zone. This movement capnot be nrecisely
dated but it is likely to have taken nlace at the beginning
of lower Siwalik (Middle Miocene) times; when a significant
change in the nature of devosition in the tertiary belt took
place, the main source area being the lower Himalayas. The
folding of the thrust sheets probably took place at the end
of Middle Siwalik (Uvner Miocene) times, riving rise to a
change in denosition from arkoses to conglomerstes containing
Krol Belt pebbles in the foot hills trough. The latter was
affected by the final orogenic activity at the end of Unper
Siwalik.(Lower Pleistocene) times,; and folded and faulted into
the structures s<en at the nresent tire. The nappe belt moved
further southward at this time, coming to rest directly
afainst Siwalik sediments in nlaces.s Subsequent movement has
been largely of a vcrtical nature due presumahly to isostatic

and oustatic adjustments."

Gansser (1964) while discuscing the Krol=Tal
Successiony has observed that the Krol Serics is divisible
into five distinct members viz. Krol As By C5 D and E.
Regardins the 3laini boulder bedsy he agrees with the view
thet thev should he correlated with the Talchir boulder bheds
and their tillite asnect is undisnutcd. Ahout the Xrol-Tal

relstionshin he has observed " fter the denosition of 3
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calcareous ¥rol Section, a strikins change in denosition
took nlace, and the roun cr beds consist exclusively of
detrital, rostly quertzitic rocksee.....there can be
little doubt about their norral stratisranhical contact
with the underlying linestoness These detrital sedirents
have been called the TalSgeeseaeds! Nealing vdﬁh the krol
thrust y he has observed, "\None of the krol thrusts has
actually been formed through large recumbent foldses..we

actually have to deal with proner thrust sheets and not

recunbant nannes' .




B~ PRTSTYT WORK

KXXXXX LT IZ00X KX EXXXK

GEOIOGIC..L SET-UP IN THE GIVEN pR7L

The area forms a nart of the mair Xrol helt
cormrisi~s of Taunsar—-3laini~¥rol-Tgl s--~uence, folded

-
i

in the form of a maler syacline, whose axis trends Nw-SE

ar

annroximately. The Frol Mgnrre is thrusted over the
Siwaliks in the south with Mandhalis and Chandrurs over-
lying themes The thrust is din~ing between 28° to 35° in g

direction ¥ 40 B to due T (discussed in Chapter IV)e

The zge correlgtions given in the table have been
taken from earlier work, considering the Blaini boulcder
bed to be the equivélent of Talchir boul”er bed. This
marker herizon has been recognised by Gansser (1964) as
well, and the earlier correlation by V.. Boileau auoted

by Krishnan and Swaminath (1959), has not been includeds

On the bgsis of the field and laboratory investi--
gations, structural reletionshins of *the various format-
ions sy ancd based on *the earlier wvorY,y the reolorical
succession has been nrepared and is ;iven on the next

naces
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e gcorrcleation

™

ainur ‘rec

ronroximate
thickncsses
{(in. fcet)

Recent

Recent gravels

Upncr pleistocene Dun (revels.

Mio~pliocene

Middlc Ioose Sendstone
tdwaliksg™ond clay-shalss

Lower palacozoic
and pre=—cambrian

Siwalik fot -
System |Lower  _Sandstoncs and
- Middle Miocene. siwaliks.clay shalcs
'EESIED Limcstone and shalc.
N
Upper erystrlline
ggKrol c linostone 1000
Carbonifcrous~ | . Tower—Calcarcous siltong
o anc shales
U) -
JKrol B |Purnle shalcs. 500
& —
MKrol L |Limestone and slaty—shalcs 850
l
Unper Blaini E?fra Krglg"Slety~Shalcs 700
Carbonifcrous Scrics [Dlaini bouldcr h-d 100
Devonian Marthat stage-juartzitg. 1500
J AUNSAT | = = wmm e v
Serics |[Chandnur st-re-Phyllitd. =

Mandhali staCCHQuartziﬁp

The esbove mentioncd scquence is represcnted in the

arce invcstigatod)by the following:

1 Mandhali Stagct Mandhali stege is thrusted over the

Siwaliks in trc Bhitarli river scetion. Lithologically it is

rerresented dominantly by nalce rrecnish fine graincd

quartzitcs ond argillitess. Latecrally,y it <rades into Chendrur

phyllite which ar¢ sccen well exmosed in the Kiarkuli River
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2+ Chandpur Stage: The Chandpur stage is charactcrised

by the presence of thin bands of phyllitcs associated with
quartzite. They are thrusted over the Siwaliks from the
Kiarku™i scetion cost-wardse. The phyllitcs =ad associ-ted

guartzitcs show puckcring and cerinkles.

3¢ Nogbhat stores Chandpur stergc is overlain by Nagthat

stare in thc arca without any cvidencc of unconformity or
thrust « The Nagtheots arc mostly nnlc rrcenish and light
surple coloured quartzitcs with subordinatc slaty=-shalcs
(scen in the Bnldi Nrdi scetion) « They contain lcnscs of
conglomer~tcs comprising of pebbles of vein quartz,

quartzitcsy purplc and grcen slatcs and phyllites.

4e Blpini Scricss The Nagth-t stagc is overlain by Blaini

scrics which consists of Blaini bouldcr bcd and Infrakrol
slntes. |
(a) Blaini Boulder bcd- This forms thc marker horizon
for thc stratirraphy of the rerion. It compriscs
of vecry diversc nssoci~tions of rock typcss Therc
is no tynienl devclorment sincce no two exposures
afrec in choracter. The tynical bouldcr bed dies
out lotcrally ond sonmctimes slatces—which nrc
lithologicnlly identicnl to thc Infrakrol slatces—
overly the Nagthatse In thc ~rcry the Blaini
houlder bcd -inchcs out lotcrally ~t o num™cr

of nleccs (¢ o« in Bhitarli Eiver scetion nnd
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ncar thc Toll on thc Mussooric rord whore the

Infrn Krols dircetly overlic the Noarthots.,

(b) Infra Krols= Infra Krols-ovcrlying the Blaini

bouldcr bed=~rc drrk sl-ty~sh~lcs intcrbeddcd

with vcry thin bands of quartzitc. They arc
troversed hy numcrous vcins of quartz ~nd coleite
crissfcrossing cnch other. The domincnt veinsg
follow thc folirtions Being r-thcr incormctent

- rocks théy havc been folded and faultcd.

9« Krol Serics: The Krol serics overlics the Infra=krols
conformably nnd has bcen divided into four stegcs, namely=~
the Krol A; Krol By Krol C and Krol D ond E in the ascending
orders Krol /iy B ond C arc distinctive lithologic units but

for Krol D and E no satisfactory ficld distinction is possiblece.

(a) Krol ! Storc= They ovcrlic the Infrekrols and arc

thinly bedded limcstone and slety-shalcse Tho bands
vary in thickncss from 1 to 4 inchese The limcstone

is dominent ~nd slrty-sholcs arc subordinntcs The
élaty"shalcs arc jointed and treverscd by vcins

.of cnleitcs They nssume various pattcrns cef esquarc,
rhomhohcdfnl ﬁnd rcetanpular (Plotc Mosl8 Photo Nos2 ).
They nre univcrsnlly‘prcscnt in the ~rcn hut arc

bcst decveloped nbove the Jud ville:c nc~r Rajrure

(b) Krol B strgo— This stpre consists of variegnated

shales of rurple and green colour which arc quite
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uniform in their distrihutions The shales arc
closcly jointcd »~nd shcnrced, rcndering it difficult
to obtain prorcr hend spccimdn- The clceyved foces

sh~w irrcrular pettcrns.

(¢) Krol ¢ st-;c= It -vcrlics thc Krel B purplc shalcs

ond Cﬁmpriscé of dark bluc c~l-urcd crystollinc
limecst~nec which givcs sulnhurcus smell ~n striking.
It ~verlics a hed ~f calcarcrus siltst~nc and hlack
shalcs which vary in thickncss fr-m 50 to 100 fcet»
It has bcen mapped n~s o separatc rock unit within
Kr~1l Cy ~s it is underlying the mnssive crystelline

limestone in the entirc arcn.

There arc rradatirn of ¢~1l~ur and chcmical qﬁality
cf limestones latcrslly from Snhastrodhara~wherc it is dark
and crystallihc t~ Bhiterli=vhecre it is light grey ~nd whitce.
It is ~ vcry high ¢rade limcst-nc ™ut the carhcnatc c-ntent
slightly dccrcascs townrds Sohastr~dh~rne In thc nre~,y a marble
band oxtcnds from EispansFoo in tho cast t- Kiarkuli and
further west nls™e Pockcts °f d-l-mitic limcst-ncy ~ccur within

the cerystallinc linmcst nc, sh-wing oolite structurc.

There is o sporadic cccurrcnce ~f Galcne in ass~cintion
with the white d~1-mitic limcst-nce Thc {alcna occurs as
fillings ~nd n ¢ nsistcnt bed is knrwne It is found fr m "ne

~f thc lincst 'nc quarrics nc-r Rnjpure
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5¢ Krc) D ond E¢ There is n~ s~tisf-ct-ry ficld distine~
ti'n possihlc “ctween the ¥r-1 D ~nd Kr-1 © in‘thc aren ond
they hove been merrced tomether s nc unit $hby ¢ mrrisc °f
crltcrnati-~ns ~f shnlcs n~nd silicc~us limcst ncs with the
dminnancc ~f the lattcr. The shale beds cnn n~t he tr-ccd
loterally for 1ong distanéc ~nd uéually rrode irt- the lirme-
st nc facicse In the prescnt arc~ this is frund further
upstrcon of Snhasrndhars in the Baldl Nadi Sceti~n up t-

Chansari villr;co

Gyrsum ~ceurs 8 veins ~nd fracturc fillings within

"Krcl D ond E linest-ne ot Majhere wherc it 1s gqunrricd.

6-‘Siwnliksv— The Siwaliks, which nrc thrusted ~vecr by the
Chrndpurs n~nd Méndhalis, ~r¢ mainly gond st ne ~nd clay=
sholes altcrnrti-nse The lower Siw-~1lik is n~rc c mpact send
st ne with subercinstc clay-shalcs as scen undcr the bridece
~ver Knlegad ~n the diversin rond frr Muss~~ric, while
mi“dle 8iw~liks rrc 17-sc s~nd 1-ck vith @ nincnt s lay-shelcs.
The sand r-cks ~eecnsi nally ¢ nt-~in r undted »¢™llrg
qurrtzitc ~f veorying sizc but ~rc ¢ nfircd t~ n few horiz-ns

~nly,

7+ Dun Grevel = The dun rrovcls arc widesprend in the arca

anc rently sl nc towarcs s-uthe Thesc depcsits have heen subs—
cquently cut ur hy strcoms which cxyrsc ood scetirnse Lt

rlrecs oven 200 feet vertical faces arc oxpesed in tholstrcqm
cuttingse Fr n the study ~f thesc strc-m cuttin~s it h~s hreen

~hgerved thoty Dun fr~vcls hove n rrcet vorieticn in size,
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shane «nc lithological constituents at various stsges.

They contain nebbles =2nd¢ boulders viich aie rostly sub-
anpular to subrounded.s Thery ore rainly race un of quartzites,
slates,; limestones end nhyllites. In lower mart these are

well cemented while ia the urn=er they are loose.

8+ Recent ﬁxavgls:-Occasionally fhe Dun {ravels are over—
lain by about 50 feet or more thick recent grevel and terrace
denoslts which ave somewhat different in nature than the Dun
gravelss There is one tynical isolated outcron of gravel
deposit resting on Chandnur necr Ambica Devi Temnle (Rajpur).
Unlike the horizontallty of other similar gravels, it shows
tilting toverds south-west. They show different.composition
and gracing at cdifferent nlacess Thrce diffcrent exnosures
were thus studled aground lainvr as ner detells g¢iven belovw.
Their locations have been giver in Plate 7043,

(a) Exposure Mo» Xor- In the Tisrena nadi Section
5-F of imbice devi tem~le,Rajnuras

(b) Bxposure Mo Xg= 300 yards ST of eXposure 10 «X~2.

(¢) Rxrosure "0«Xs — ¥ronr the Jud villages

(a) Exposurec YoeXo ~ In the Lispana T2d1 Section

an isolated triangular-shaped grevel terrace, which is
reéting on Chandpur, is seen. At the base of the denosit
there is a 10 fent thick yellow clay layer which restc on
crushed ané nowdery Charndnur rhyllitess. The denosit shows
very well marked laverihg of clay and nebble bancse The

terrace shows tilting towrris S~. (Plate “0.420 Photo M0 +2)



The ~chhlc linco~ti-n is 35° in -~ Airceti~n S 60 W,

Tris ~r-vcl “c-r~sit is quitc ~iffcrecnt t- the Dun
irovelse It ¢ ntrins clay intcrheddcd with unccrcnte? ﬁcH“lc%)
unlikc Dun rrevcls which d~ n~t C‘ntnin ~ny “cfinitc eleny
lrycrse It 7iffcrs in the Aerrce ~f ¢ rmracticd and ceront~ti-n
fr-n thc ~j~ining Dun  r-vils—rnly 10 ft. auw~y -~ which cccur
~t procticnlly the sarc clcvntirne On the ™nsis of ficld
rclnti“nsbijlit is fclt th-t this rravecl Acnrsit is ~hgsitly
youngcr than the Dun frovcls ~n” hes ™rcn tentnatlvely ~ssirne?

Rceeet agfc.e

(™) Bxposurc N s Xa 3 This rrovel torrace eormrising

of huldcrs of quartzitcs, slotrs »a” limcst ncs is noorly

nt ~ hcipht f o'~ut 15 t- 20 fect fr 1 th: ne-rhy river hed

lcvel of the Risnena Raos Hirhly crushced and —owdery Chandrur

phyllitcs ~rc s .rved rastine ~ver thosce The ¢ ntact hetwecn

the twr is shorn »n” Aing 30° in ~ Airccti-n ¥ 40 B.

(¢) Ex-~surc "« X4: The cx—dysurc ~ceurs n the right

bonk ~f thr strc-m cutting nc-~r Jud villarcs Hore the terr-ce
rravels crnrrising ~f Youlders £ ogquartzitc; slatcs ~n” lime—
st nc ~rc Ttscrved restine under th: Chend-~ur ~hyllitc which
~rc crushcd (Platc M 422 ) The e ntnet Motwoen the twe is
“istinet ~n” Airs 20° in -~ “irceti n 7" 607 E. The tcryncc is
frun”® % -n hirhcer clev-tion than thr tcrrrecc ~f ¢x» surc

"o X3+ Thc tcrrocc “cncsit is unfcrlnin »y ~rn ther “corsit
vhich is wcll s~ rte ~n?® ¢ ~~ris s ~f sr~11 flrkcs -f

~hyllites ~n” sl-tcs ~nly, ~n” is thus ~uitc “istinctivc.



They ~rc hriz ntally ».7dcd ~rn® heve wr-ctic-1lly nn
tonsile stren the This “or~sit is un’crl-~in ™y thc Dun
~r~vcls (Plrte e 5 ) hovins the ususl char-cter

dcseritc? c~rlicre
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LITHOLOGY

1+ M/NDEAII ST GE :

QU.LRTZITE (J/53) = They ~re finc £~ rc lium . r~ine? pale
greenish eoleurc” silicerus quartzites which appcar t~ have

becen subjccted t~ crushing an”® bronk cnsily.

On nicrescople cxarination 1t sh-ws denincnce of
quartz which oxhibits undul~sc cxtincti~n. Orthoclasc, albite
~ne tourmaline arc the ~ther c-nstituents prcsent in rinor
quantitiospin'tho crier ~f abun’rnecs Th quartz rroins arc
ccriented topether by very fine qunrtz, scricitc ~n? chl-rite

frains.

2+ CHAMDPUL ST 'GT s
PHYLLITT (J/8, J/3, J/5, J/6)- In h-~n" snccircn, the

phyllitcs show typical sotiny appcarance -n’ scor t- prcie—
ringte over the thin intcrenlated quartzitc ban”s. [t pl-ccs,
krwever, the purc quartzitc ban?s arc cven 7 t~ 8 ers. thick.
The phyllitcs sh-w irperfeet £71i~ti'n, »n’ nuckcring is
¢ rrtne

On ricroscople cxarinati~n; the qunrtzitc b-n"s appc¢f
t- bc in cxcess ~f phyllitc b-n’"s. Thesc ban’s sh~w clcnr

frliotisne Frur thin ban’s of gquartzitcs were rce~gniscd in
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the sli‘c¢.

The quartzitc b-n’s ¢ nsist mainly ~f rciur, r unde”
croins ~f quartz which sh-w un'ul- sc cxtineti n. The nhyllitc
b-n's sh w prcfcrre” ~ricnt~ti n f =incr-ls with chl ritec
anc assceinted scricite lying in par~1lcl flokcs. The tcxture

is finc greoine? thoush the preins ~re 17entificnble.

M intercsting casc ~f ~ quartz vein (J/55), pornllel
t~ thc feli~ti~n was stuic”e It shrwe? “evclrorent NF
chl-rite ~nd sideritce ~t thc e ntn~ct with phyllitc. Tho
nareins of chl rite ~n? quartz sh-w c-rrurs~ti~ns-in‘ientive

~f the prssible rcplaccrent -f chl-ritce by ‘quartz.

3e NAGTH.T STLGE 3
a) QULLTZITE (Mc'iur rrainc?) (J/20, J/61)
The quartzite is pnlc purple an® yrccn c-lrure”
traverse? by quartz vcins. It is finc rrrinc? ¢ nsisting
derdnently f quartz. The ¢ 1l-ur is “uc t° thc prescnec -f

chl-ritc.

Un’cr riierssc pcy these sh w rencrnlly equigronular,
rran  blrstic toxturc. The rrrins arc subanfuler £~ subr-unde?
sh-wing o -~ intcrl~cking ~f .'rnins. They ﬁoncrqlly rangc in
sizc frr 0.1 t- 042 nre M~st ~f thc quartz groins sh~w undulcsc
cxtineti-n. .t scre placcs they ~ro ccrented by fine rroined
chlrrite an” scricitc. .. fow greins -f plari-clesc (albite),

p tash—~felspar ~n’ t-urr~linc ~rc ~ls presint in nin-r

quantitics.
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b) ORTHOQU.ITZITD (Crarsc pfroincd) (J/15, J/63l-_

Thesc arc crittys rthrquertzitcs £ purplc ~n” groy .
erl-ure. They ¢ nsist d-rincently ~f quartz ~n” thc ccrenting
ratcrierl is als- quartz. 4t plrces, h-wever, ir n ~xi'ec
is the ccrenting materials On the surf-cc it is fei-ble,
th-uch the ¢ rc is very ¢ rpact on? silice~use There arc

a nutbcr £ vcins ~f c¢nleitc ~n” quartz.
a

Uncr ricrcscoray they ore equipr-nular, ranging in'
sizc frer 05 1 t- 2 rms The frarrents arce angular to
subroundel s Intcrl-cking -f gquartz cr-ins is p-or an? ccrent
is inv-orinbly prescnt. The rein rincrnl c-nstituent is
quartz thr-ush plazinelasc (albitc) an? Jdctrit-l enleite
grnins arc nls vpresent in srollcr aquontiticse juartz sh-ws
un’ul-sc cxtinetirn. The cenent y vhich is cxtrercly finc
groincd is brth cnleite ~n? quartz. Chl-ritc an” scricite
are als~ prcscnt in mincr arcunts as cerenting ratcrinl. Pyritc
i{s f-un' in thc intcrgranular spnccs ~n” ~ls' as scpar~tce

C‘.I‘:‘.ins .

C) CONGLOMZR.TD (J-59)

The ¢ nil-rernte sh~ws r un“ec? pecbbles an” rr-vcls
ronring in sizc fro~ appr-xirately 2 rr t~ 3 c¢re The pcbbles
arc th~sc T gunrtzitcs, vein suartz ~n” lircst nc. The slate

n” phyllitc frogrents ~re flaky.

In ricr sc pcy n part f the e~rrl-recrrtc (J/59) wns

stu’ic? which sh-ws thc prcscnec f Jctrital quartz -n? enleite



groins ~n? rctarnrphic rock fr-orentse L nutber £ e-lites
wcre nls  bscrve? ass-ci~tc? with 2 caleitc veine M-st - f
the quartz “roins sh~w un?ul-sc cxtineti-n. Thc rroins are
cerentel toricther by caleitcs In the ¢ 1lites, "ctrital

quartz usu2lly occurs ns nuclcuse. (Plute 0.19, Photo No #23)

4« 3L.INI DOULDEL DTD:

CO'GLOMTILIL (J/24, J/69, J/68)~ n-ulicr ¢ nrlcrecrote isg
licht t- "ark grcy c~l-urc?y ¢ nsistin: f subr-unc”? ~nd
r-un'c’ pcbblcs in hetr ~cne~us r~trix f veri-us sizcs. Tho
rotrix is clayey an? _ritty with cale~rc-us cerent« The
brul“cr ¢ nilinerate is s retirces shonre”, in which cose the

becore :
pebbles/flattenc?s Striatin n thc pebblecs wns sel? 't scen.

Thc pebbles orc ;cncrally -f the £-11-wing r-ck typcss

Dark slatcs, ¢rccnish quartzitcs, pnlc auartzites,
vein quartz an” lirc st nc.

Micr sc-pic stu'ics ~f ports f thc Tul'cr ernplr=—-
rerate were v~'¢c in o~ nuwbrr f thin sceti ns» The pebbles
~n" rr~vels in those ~re subrun’c’ £ roun'c? an® arc set in
finc sr~inc’ clmycy :n” e~rb n-tc r~trix.

It ¢ "»ris.s f pcbbles . £ quartzitcs, phyllites ~an”
sunrtz in the “rler f abun’onecs In ~77iti-n t thesc cnlcitey
f-1spars on”® bi-titc arc als~ £ un’, Sceon?ary scricitc ~ccurs
irn 1-thse S pyrite specks were ~ls £ un? in g--11

qu-ntitics.

5. I"M.. FLOL ST, GTs

SL . TY—-cinlrms (3/710

“hase ~re “ark ¢ 1hure” thinly lerinetc? sh-lcs,

which sh w irperfeet “cvelrprent £ sloty clonvoiey ns5 ~ rosult
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~f which they ten? t~ split cnsily al-ny the £ li~ti-n.

Slaty shnlcg.on nicr'sc;pic stuﬂios’c“nsists -f
rixturce ~f scriecitc ~n” -u~rtz oceurrin ~s vcry finc ;r-ins,
S're ir n xivc an” pyritc is ~ls- sceny thuh in vory smnll
quentiticss There is ~ enleitc vein which is bent ~n” br-ken
‘uc perhaps t the scendary strcsscss The criss—er 'ss pottcrn

sccn 1n han? spceiren is nt clearly ~bscrve” in thin sceti-ns.

6¢ KROT~,, ST'GTs

a) LIMTSTONE (J/37, J/38) Tt is greyish brown e-lrurc?,

nassive an? very fine groinc” lirost nc vhich offervesecs with

“ifficulty 'uc perhaps t- the hirher A~l~ritie e ntent o

b) SLLIV=cH IN(J/38): It is brownish black thinly larinatc

shale shrwing sloty cle-vace transf-rring inte 'peneil=clates!
It rives slow cffcrvescence "uc £ the srell quantity ~f
carbnatc prcs.nt.

On ricrescrpic oxarinati-n it sh ws - ~ixturc ~f
very finc grninc”? scricitce quartz an? c~lecitce Irn ~xi“c

is f'un? in sm~11 qusntitics.

7. T T\t

V.LIEG.TTD G Lngs

They ~rc purplc nn? grcen c¢-l-ure?! shalcs with
¢lnsoly spoce? foliatin an? ~ nct wrk ~f i~intinge They arc
very soft an® crunblc casily « They arc very finc ﬁrnincﬂ "’ n
rincrnls goul” be rcegniscd in han? spceiren. In vicw of their

chrracteristic ¢-lrury, howevery they arc c~sily idcntifi~blc.

23929
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8.« KILOL C ST..GT

o) LIMDSTQNT (J/41, J/93)

It is rainly bluish rrcy fincly cryst~llinc lirc—~
st nc which 7ives suphurrus srcll -n striking. The rreyish
whitc v~ricty.rcsorb1cs the typical bluish [rcy lircst nce
The frrneturc surfocc ~f b th is subec nch~i’aly

The oreyish white ¢ l-ure” lircst-nc was stu'ic?
un’cr ricrosc pce It shrws "~rincnt cryst~llinc cnlcitc hut
s:re nolites were als: scene The nucly. < f the ~elites arc
senerally 2-1-ritcy cnleite ~n? si‘critcs The ~clitic rims
erc rna'c up ~f fine fr-inced colceitce This ~~litic structurc

is charnctcristie -f ;reyish whitc lircst-ne "nly..

b) M.ILOLZ:

Thesce ~rc finc groinc’ crystalline lirmcst nc f
of whitc ¢ l-ur sh wing typicnl sachhar i'~1 tcxturc. They
~rc highly j intc! an” thc j ints arc very cl-scly sprec?,

~ftcn scen cven in hoan” spceirens.

¢) CLLCIKDOUS STLTSTOT:

They ~rc fince {rnince? silt st ncs riving cffecrvescncee
with “11 Hele At placcs they nrc cxtrerely rich in carb-nntce.
Un'cr ricrrserpc; it sh~ws thinly ban?cd charactcr.
Thcy ~rc finc 'r~iuc? ~n? or-ins arc cquigronulnr sh-wing
bettcr s rtine . Thoy ¢ nsist ~f fincly cryst~llinc cnlecite
~n" ~ rixture ~f silt ~n”® clay with ~“isscrinatc? ir n "xi‘ce.

4t placcsy s ~c chl-ritic nntcrinl 1s scene
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9+ KiOL D .ND B STAGE (J/49):

It co:prises of nltern~ting be's of shnle an-d
lirestones which often interrn’e into one another. 4 specinen

of thinly bedded shale an? lirestone wns chosen for stu'ly.

SEALE AND LIMETST QI B

There nrs olternnting ban's of shales ~n” lirestone
ranging between 5 mr to 1 e in thicknesss The shnles are
cork coloure?l, while the lirestone is rreyish. Toth are very
fine gfreoined an” lirestone ten?s to be rnssives

On nicroscopic exarination it shows even closer
baning yobout 1 rrmy of sh-~les ~n?* lirestone. The lirestone
bon” show fine prnined cnleite ‘issenin-te” in it+ The shnle

banis are very fine rr~ined an” corprise esscntinlly of claye

10. SIWALIKS:

Siw~liks in the nre~ investipgnte” arc represented
by s~nistone (friable an” compnct) interbel’e” with thin clay-
shalcs belonging to the lower ~n” riA“le Siwalikse AR ~tterpt
has been ra'c to “istinsuish the lowcr an” ~i77le Siwalik snnd
stones on the brsis of hcavy rineral nnalysise

The lower Siwrlik san?stones swhich arc fcnernlly rore
co prety ~rc Xnown to be charactcerise” by the prescnce of
staurolite ~n” epidote which is pcrsist~nt throurhout ond the
»""ition of kyanitc rnrks the ri“glc Siw~1lik (Liaju 1963) . The

ri”"1c 8iwnliks nrc rore frinblc ~n® clay--shnlc b-n’'s ~re

nurcrous.s




The “=ta of hcovy rincr-l n~nnlysis for thrce choscn

spceirens of san”stoncs is tabulntc? belows

Mo ¢ Spceimen  Locality
Moo

Wea |
of

hecav
—-icg

Henvy rincral frequencics
T E S Zy Ch

e

G K L

NMe~r the bri
-r¢ on “ive
'—=rsion roa?,
Knlaga”
scetion.

J/104

04

AA= AA LI L

200 yar's

fror the Kal
=-agad bridre
ncar Anbica
Devi Terple

24 (7/102

1.10

Ak AAC 1L cc

1/2 o rilc
Mu, of Punk-
ul villarc
in the Kiar-
kuli scetion

L L CC

! f
J;fn 4-.4".\ .rs

Indoxs I

G=Grrct 4 K=kyanitc, T = Tourr~linc, E=Epi“ote,

S=staurolitc,y Zr= Zircon, Ch=Chloritc, L=Leucoxcnc

IT.

MELbun”ant y 4 = Fairly abun’ant 4¢C=Vcry corron,
C=Corrony LLL=l.orcs L

—

T-Ty T"TCe

Fror thc foreroinr tablc,y 1t woul? anncar thot

spceiren noe J/104 collcetc? ncar the bri‘rc on the “iversion

ron? 1s chnraetcrise? by thc nbscnec of ky~nitc ~n” will thus be

part of lower Siw~lik. Thc othcr heavy rincrals present support
1t furthcre Spceiren Yo.J/102 m~ J/48 collcetc? fror Knlaga”

scetion ncar the bri“rc closc to Lrbica Devi Terple an? from

Kiarkuli rivcer scetion, ~rc charnctcrise” by thc prcscnee of

abun”ant kyanitc in“ientive of Mi”'lc Siwnlike Thc othcr h-avy




minzr~ls ~1so len’ sur~ort to this.

Thcsce cvi“cnec furth  r corrobor-~tc thc han” gpociren

stu'ics m~'c ¢c~rli‘Te

11. JU7_GRAVEL:

Dun ravel is roinly ~7c up of thc boul'ers ~n”
pcbbles of quartzite, slatc, Jircstonc an” rhyllitcs. They
~rc ro0stly sub-nn-ular bc subroun'e?y ~n” vary -t v-rious
horizons sn" nalso latcrally. “vcr~rc’ size r-ni'e is fror 2" to
3" but ~t places they nrc ~s larrc ns 2 ft. The cerentine
r~terial in rost of the c~scs is fine rr-~ine’~-of s~n" sizc
rance—ycllowish in colour ~n” calenrcous, Gravels also acts

as cerenting naterinl. The cerent 1s foirly in?urate”.

12. LECENT GL.VELS:

The Lecent rravels are guite 'istinctive fror Dun
Gravels »n® havec been stu'ie’ an” “istinuishec” ot three

sections nartieularly. They ~re of hrtrocn-ous sizcy shane

b “

~nd cormosition ot thesc nleces as in'ic-t 7 helow.

(a) Exposure "o. Xo— The terrnce is mr7e up of
altern~te uncerented layers of grovels ~n- silty reterial.
The "rovel layers cont~in roun‘e? to subroune’ pebbles of
quertzite ; slatcs ~n? linestone, erbc e’ in s~n?y an”

unce-ente” tatrixe The raxirur size of the r~vel is 2" but

on ~n aver~-e they are less then 1/2".
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(b) Exnosure "0 :Xq¢ The rrrvel “emoslt is un—

cerented in neture. The raxirun size of nebbles in the

rravel ceposit is 2 feet an” avernre size is 9O inches. They

are rainly of quartzite lirestone 2n” slates.

(c) Exposure Mo. X;: The unper horizon is

characterise® by pebbles ~n? ;rrvels of quartzite and line-
stones with raxirur size of 1 ft; the averrte size ig 6
inches« They are not cenentecd. The lower horizon contains
nostly flakes of phyllites ~n”® slates erbedde” in fine rrained
brownish freen rrtrixe The nexirmur size of these flakes is

1/2" ~an? the denosit is well sorted.,



CHAPITE. IV

STRUCTURT 1D ECTOUICS _OF THE RE.

1. REGION.] STRUCTURS

A8 centioned earlier, ;uden (1734) hes “escribsd
the structure of tle Krol belt on the rerionel basis as that
of twovthrUSt bon¢ synclines of Krol rocks, restins on a
Jaunsar~-Sirlg slate founation (Plate Mo.8)+ He attributed
the fol7in; of Krol an¢ Garhwal llappes as a result of the
resistance offered by the floor uwoon vhich the rovenent was

effected.

2« STRUCTULY OF TIT /RTL

In the area investirate” in Dehrafun—lussooric
reriony the Javiusar~Krol succcssion is folce? as a major
syncling, whose aXis tcnfs M-7 to S-T apnroxiiatcly and
passes throurh Data ad (30° 27'; 78~ 7'), which lics
further "7 of thc arcge It is thrusted over the Siwnliks
cnerallr and at nlaccs cven on the Pun  ravels in the
southern nart of Mussooric Pill ranicse Thc strucktural “ate
has bren nlotterd oun tiic CGcolo ical ~ap of Tajour frcs

(Platc 1063) s Th~ ain structural fcaturcs arc “escribed

here s
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Thesc hove feirlt consistont arounts an® ~ircetions
of ipe¢ Thc arount v-rics fro~ 80 to 85 “crrecs ~n” the
“ircetion is pcisistantly M 5¢ T. The  chcral strikce of the

forr~tion in the rntirc sr -~ is ¥ 85 "~ & 85 .
(1) FOLI.TIO:

Folintion plancs arc oftcn sccn in Chandpur
phyllitcs »n? Infra krol slaty-shnalcs. In ohyllitcs, the
follotion pleoncs arc vary fecbly “cvclonc” n-ar theo thrust
zonc but arc ~“istinctly s-cn furthcr nwey fror it (c .7 .in
the Rajpur arce ~n” in th- Xiorkuli riv:cr scctions). The
arount ~n” dircction of “in of folintion coinci“cs with the
bcing vlancs of Ia:thets »n” Erolse Th foli-~tion ol-anrs
are £rirly eloscly svrcc”e Thoy “ip roncyelly 407 in the
~ircetion of NéOH ~n the strike is I'SOV-5507.

The foli~tion ploncs of Infre Krol slaty-shal-s ~rc
very closcly svecr e In fnact, ‘u’cn (1734) has rerarke? thet
it 1s Aifficult to ~“istinguish ther ~s » forration fror a
“istence 5 thus risteking it to bs scrcc mat-rinls The
Krol .. sl~ty-shnl s shovw rark.’ clcova;« oftcn clos-1ly
spnecc? but quitr “distinctive fro~ tht un’crlyin; Infra

Krolss

(C) JOoIrTs:

The joints nr¢ ocuitc coron in ~lrost ~11 the
rock forr-tions of thc ~r(rn, but ~rc “cvelope” well in

restrictce” horizons oenly.
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The Chanour phyllit-s ~rc hirhly jointc

9

~n" crushr .
The joints ~rc clc-~rly s~cn in Kiorkuli river s-ction wh-re
thrcc moior scts wrre notc” (607, '40W, 58°%9S60T. ~n” 427 M507) .
The WNagthat auortzitcs ~lso  tncrzlly show thr-- sots of
joints . The joints are widely spaced (Plate Fo.18jiPhoto I"p.l)
Infrn Krol slaty-shalcs en? Krol B nurrle shalis arc so closcly
jointc that it is "ifficult cven to trkc nny han® snocircne
They show the cxtrerc ens:c of shonring e

Krol . liwcstoncs show fnirly closc jointins sssu~ing
various pattcrns (co squnre an® rhorohcaral) . The intcr—
be?e” shnlecs have thrce “orinent scts of soints which have
bcen subs cucntly filled by egleilte « It npprars that two scts
of joints r~rc ol7cr whilc the thir® is vounrcre (Platc Mo d8
Photo Mo« 2 ).

The joints in Krol € lircstonc n~rc nt pl-ccs closcly
spnec” while clscwhere it is wifcly sprec’s ThT nssocintc”
rrrblc shows cxtrcre frocturing -~n” thc joint »nlnancs arc nurer

ous ~n"' closcly sp-ccrle
(D) FOLDS:

(1) Medox--a) Jruns~r—31lnini~Krol Succcssion.
L8 alre~'v “cseribe” the Jounsar-Blaini~¥Frol Succrssion in the
arcr forrs th- southcrn lirb of the Mussoorir synclinc trcen”ing
MegT, cxtenting, for pbout 22 - iless Thc synclinc shows its

closurc nw~r Jenog an” Clou” Ta” (west of Mussooric township) e

b) Sii"ﬁlil{sw’ T}"‘(‘ 10“,Cr ",1’1»" .-.i.nalo

Siw~liks n~rc intcrprcted s isoclinnlly fol?c ™ rmcnr Fninur,
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its exis tren?in: M. The Siwnlik sorstom s “eve n conrel
strikc of I'851%S857 -1 »~t 211 nlnec-s t* - ”iﬁ by ~n ~-ount
of 80° in thc s-ric “dircction i s ¥ 50 T,

On thc basis of h--vy rincral snnlvsis, the Siw~1ik
san’stoncs wre “istincuishe? into lowver »n mi~?1c Siwnliks.
The lowcr Sivnlik for~s thr corn of thc ~nticlinc sroun”

Suri Dcvie The Mi”*1c Siweliks further sout! ~r cow ro” by
Pun ¢r-vel but ~rc sccn in the north in the Kinrkull scction.
In vicw of the fol“c” nature of the Si-~1iks it is rcnsonablc
to bopr th~t thcy are isoclinzlly fol’c” in thr nrxcr (Platc

Nos 3 ~n 4) .

(11) Minor fol-“s~Puckering ~n~ srnll scrle
fol”s nrc vcry borﬁop in Chendpur phyllitcs ~n@ arc sccn in
rlrost »11 the ron” scetionse They nre; bowrvery brst s-cn
cevclopc” near Rajnur -t cxnosurc Fo. 14 Minox fol”ing of
corprr~tively gre~ter rarnitu’c is sccn in Krol ¢ -~n? Frol D
an? Be In Krol D ~n? By they nrce wicll scen in DalAi MaAi
scetions The lirc—~stonc ~n” sbales nrc fol7c? ~s plun;ing
anticlincs an® synclincs (Platc T0e3)s The vplunics ~rc rostly
25° "uc Ts The ~nticlincs ~n” symelincss botr ~syrrmctricnl

rn” syr-ctric-~l typcs,y ~rc sccne Lt ploccs cven —inor

isoclirsl fdl%ing is n1s0 scene

B) F.ULTS:

(1) M~jor T-~ult= In the ar. ~ onc ~~ior f-ult h-s

bsen intcrpretc? in the 32171 a1 g.ction -t ShnsraThnrs

where Krol .. is conspicuously “issins =n” Frol ™ “ircectly
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rcsts on Infrr Krols which ~rc¢ highly sh--~rcde. It is »
strikc frult h~"ing 65° , M7 with » throw of rorc than 500 ft.
shcrring in both the Infrn Krol slaty-shnlcs n~nd the Krol 3
purplc shnlcs is clc~rly scen nt thcir contact. It may be
notc that thc Krol .. lircstonc n.nf'1 associ~tcd slaty~shrlcs
are persistent throughout thr ores uncr investig-tion ~n”
no pinching h~s been obscrver clscwhercy cven by carlicr
workerse Tic latcrnl cxtent of the fault is nbout one rile

~trending N25W=-5257 approximntcly.

(i1) . Mipor. Foulfis~ Minor frults arc vcry corron

- +in the phyllitcs, Infrn Krol, Krol /. an® Krol C nlong thc ron”

on? rala cuttings of the arcne They nrc ofgboth the normal
is

pnc riversced tyns ~n' their cxtent Jscldor morc than 10 fects
Lonunbcr of micro frults werc rccogniscd in the Infra Krol

slates un”er ricroscopc s

3+ KROL THRUST

ruten (1934) nerc” the Krol Thrust ~n” indic-ted
thrt it cxtcnds bclow Mussooric. Detween 3aken an? ¥olsi
(Pl~tc Mo.l1l) two thrusts havc becn rccornisc? nernoly,y the
Krol Theust-which brings Krol 3clt rocks ovcr Subnthu ~n~
Dri'shnais »n® Mahan Thrust—which brinrs Sabathu an”® Darshais
over the NMahans (Pl-tc Mo.ll). Tast »n”" South—¢ast of Knlsi
the two thruéts ~pocor to hove conlcsce? torcthers %
Mussooric the Krol Thrust has brourht thc rocks of Krol Tclt

over the Siwsliks an® at pleces cven over the Dun Grovels(®)»
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Thc Krol thrust vns mroper in the ~rcns vhercever it
wns possiblc (Platc Yo.3)+ In the Tajpur arcn~, it ~pp-nrs
that the Krol thrust h-~s cxcccde? the unn-rrost 1lirit of the
Grc ~t Boun~ry f-~ult (or thc M~h-n Thrust) ~n" corc¢ ovcr the

(Plate o 1)

siwnliks ~n” cven Dun Gr-vels £yhilec the thrusting of M~n°h-lis
an” Chenfpurs over the ~i”""'1c¢ Siw~1lik is clcor in the Bhit-rli
an® Ki~rkuli rivcr scetions respcetively,y thore is sore
“oubt of its rcl-tionship in thc cast which is “iscussc”?
l~tcrs Thc ~'ncrnl tren? of the Krel thrust is ™WW=-TM8E ~n” at

plrces M=5, MW=ST, W trin’s ~nrc ~1so scine

4. CH NDPUR PHYLLITS OVSLLYING Ti DUNM MNP LWCTWMT GER.V™LS

. etnile” dinvestic-~tion wns carric? out to nscer—
tnin the lotcr~l cxXtont of the Krol thrust wherc it brinrs the
Ch~n”pur phyllitcs ovrr thc Dun ~n” Rccent Grovclss The vorious
othcr possibilitics arc ~lso “iscussc” hcrce The following
evideneces hnave been ~nnlysc” ~n” “rnt-tive conclusions ~rrive~?
~nt s Thcse obscrv-tions ~rc corfince” to the arc- cnst of

Punkul villr:c4lnjpure.

(i) Chon?pur phyllites nre foun” to occur
restine sbove Dun Grevel “cposits. the contact between ther 1s
very sharp ~n” 7ips ~t nbout 30" in » “ircction " (Pl-tc Fos.
5 ~n"21 )e This ~isposition ~ppcars te hrvce “cvilepe” ‘uc

to the thrustine of Ch~n’purs ovcr the Pun rr-vels.

(ii) Yc~r thc thrust thc Ch~n'pur arc higrhly

crusher. y ns » result of whieh the scner-~l foli-tion in the
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~rjoinins Choninur nhyllites h~s bzecrc cbscurc.

(iii) The intensity of crushin® in the Chan”nur
phyllitcs “cercnscs ~s onc roves ~way £ror the thrust ~n?
ultir-tcly the Ch-n’pur phyllitcs show wcll “cvclopc”
follations which coirci“cs with thc ~cncr-l tren? in the
aArcoe

(iv) In the strcom cuttin:s south crst of the
Mussooric Toll ~t LKajour (cxposurc I'c «X ), thc crushced
Chrn-pur arc cbscrved to occur over Dun ~rervel “cposits for
abcut 180 yar~”se. This appcers t~ be the ninirur shift of

Chandpur ovcr the Dun rravels,y ~n nceount of thrustings

(v) The above ronti~nc® ~ver—thrusting hrs been
obscrve” in alrest all the strears which flow across the
thrusf whercver the Chon“purs arc in centact with the Dun
grnvcls for o lcnith ~f ~bout 3% rilcs cnst ﬁf”punkul

villasco

(vi) The pebbles »~f Dun rrovels shrw o prcfcrred
oricntnrti-n prrrllcl t~ thc thrust (Plete "~Zl). mlscwhcre
in Dun rrrvcls ~n? rccent gravelsy there is n~ linc-tien

SccChne

(vii)The prescnee .f hiphly pl-stic 2 t° 6 inchcs
thick cl~y bon?s ~l:n. the thrust sccrs t- heve bcen “evelopen

“uc t¢ the roverent o1 n” the thrust.
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The anorialous occurrence of Chgadnurs over
the Dun grevels hss been ccnsldrred in the foregoing
to be cdue to the over—-thrusting of the former over the
l1-tter. The verious other exnlrnations could be the
following y which have bee~ ciscussed in their relevant

cet aills .

1) The cerosition of Dvn rravels took plece
in the overhun- nortions of She Chandpur
phyllites,
ii) This could be due to the zliding of Chandpur

nhyllites over the Dun cravels.

Both the above rentioned arguments do not stand

to reason in the arca in vicw of the following:

1) The Chandpur phyllites are gere:ally crushed
and powcery with hardly any tenslle strength
and thus would be incanable of stzading any

overhang for even g ninirun of 370 't .

It seens unlikely that the rlane of the under
cut y vhich is an erosional surfoce, could be a straight
one inclined at 25%. It s+ 01d infact,y, have beer an

irrriular ar” curved curfeac .

The develop ent of clayey, nlrstic ipterial



-
along the thrust ancd the preferred orientztion of nebbles

could ot be exnlained as crosional fzrfures.

gince the Thandnurs cverlie the Dun sravels for
nesrly 3% miles in the arer~,yit is v-ry uwnusual that an
unde recut overhanf hes existed for such o long cistance

anc subse~ucntly zot filled by Dun rr-velse

ii) The ovesr-ridi: _ o/ Clrd-ur nyllites over the
Dun gravels could have taen nlace by the develonrent of
g major slin cue Tt~ the hase~fgiluree The ~0Ossihle success—

ive staepes hove been illustrerted in Plate 7"oe 104

In the ceses cited a~ove, there shold be develop—
rnent of ma‘or slin scarns in Chendpur »hyllites aad a
distinet variztion of tre din of heds lying in the glided
“locr with thet of the parent block (Plate "o.10)e In case
slin scerne were noted, the crushed zrn” clayey racs should
hove heen nresent near the nlene of sline "'c such fe-tures

were roted Aduring the couis~ of the nresent rvestigationse

Vorcovel s it 1g verv unlikely tr-t the trace of g
rajor slip rlane should heve exectly ceincicded with the

Krol thrust i~ the r-sion cast of puynkul “37777e (Plete M0+3)e

1TETLEICE:

"

Losiirilsr thrusting over the Pleistocene Dun grovels

h-s "een nobed ‘1 the e1ens enrst of Rishikesr (Vadia and

lest g 1064) oA in the esr it work, Luden (1237) had
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inferied = suhrece.t 1w et -7 ema v~ Trol thrust

at differ~-t rlaces i1 Frol Melt .

In viev- of the foregoing afgvﬂents 27 on the
tesis of earlier worl, it srerms rorc Jil"e"w that there
hes »eer thrusting  of Chan$ ur rhyllites over ths Dun
grevels i “re ~rrsent ar<o east ,of Puricul vi?lé’e. This

could nogsihly e attrihute” to e laber noveients zlong

the Krol thrust .

Ee TTCTNTIC WICITDY 0 " OV REITS LT W KRAL THPTST

“N——

It as .u'en (1C37) wio cavisnged two nanes
in the sicey the Frol &7 Carhiel parcess wiich were
cohsidered to have been thrusted forw-rd over *the younfér
rockss "he -overeat of the Trcl Melt southwer”s took nlace

o~

1 LM - .y Comt e g ad Al
on thea Siila clatvee of (orhvn) wdeh getr? as

27 e autoch~
thonous Zlcoxr. Ir the trough oty laige lussoorie syncline
is the klippenof the rore ~etormornhose? Gerhwel rocks.
Thus, the Simle slatecs and othrr ret-norshoss? Garhwal
rocks oceur hoth as sutochthonoms [locr 2»7 2s kli~men
(Garssery 136/),y unliks 4re SirJa are-~, vmere the Gird

thrust brin-s Sila sletes ovez "he Krol 1t

It was surrised thet the Yursoorie sv-eline—a
nart of «“ick as Meer inv-oshigetcs was consecucnt to
the tra~slaticu of T'rol ™elt s Tevelop et of folds and
favlts covl?d thus ¢ ~uite mgburel in th= limhs of the

syaclire.
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Fegardine the age of wovenents, it hac been
thought that the earliest moVement took nlece 1iX the
Burdigalian times (Luden, 1934) anc soi'e of the rovenents
may have taken nlace rfven earlier than clvetian. The
goélogical evi‘ence suggests rore than one nerio” or
orogeny en¢ Wadia and “est (1964), rention that the
earliest orogeny is in the preﬁEocene tires,; though the
large sczle trenslation of sheet of rocks alon: low-angle
thrusts in » srries of ngones, tcok pl-ee at the heginning
of micsle Yiocene tiness The roverent has not “cen nreci-
sély Coteld yets Luden (2937) observeld thrt there has been
more than one neriocd of roverent along the Kroi thrust
and iragined that the stronger one took nl~ce in Helvetlan
and the laster movenents during the Siwglik an® nost-—

N
Siwelike ~uden (1942) mentionec ghout t-~ chain of lake—
lets end depressions in the ‘.chhugan—Bekan srea (15 riles
east on “ahan, Plate Toe11 ) and conecicered tuer to have
heen formed as e result of rccent activity along the Vahan
and Krol fihrusise

On tre MHasis of the investigations carried out
in the Ra‘»ur area, and or the “esis of foregoing, the
follo'n: three mossi™ilities of rove:rents have bee: inter—

preted for the arce ir ~f7ition to the earlier overentse
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1) ™e Krol thrus: los Rroutht +7: *"amihalis and

i771e S5ivplilke P she part

(&)
-
cr
)
)

Thand uygov
of the proe,indic:til [ a roverent younr -r to

the 1'i771le Miocere tires.

ii) Tre undoubted occurrence of Crand-urs over the
Dun rr-vecls in the esstern mart of the srea,
indicates th~ nogsihilit s of a moverent leoter

than the urner Pleictocene tires.

111) .realogous to ‘ucen's (1C42) obrecrvations in the
Beken arcas concrrring the forration of lakelets
due to the recent activity ~lon~ the thrust ,
sone evidences heve hecn snelvsc” in the present
arer also.
The tilting of rccent gravels ot ex~osure MooXo
>nd of the grevels unferlain by CTha=adrur ~hyllites rt
Exnosurc X3 gnd X4 4 in7dcnte 2 0ssibilit: of rovenent
later than the noverert involving the Dun Cr-rels. These
evicdences are rs vet paltry and rno definite conclusions

could be dreown at this st-re.
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M.JOR LLNDSLIDES IN THE LREL

1) Geological and Topographical Set—up :

In the southern flank of the Mussocorie ranges,
particularly east of XKigrkuli river‘section, Chandpur
phyllites—highly sheared and jointed—~are exposed in their
strike sectionse The scerp faces all along have caused
unst ability conditions and a number of lan”slins have taken
place y wherever the streams cut across these formatians.

In fact, some of the local streams originate from these
slopes and it is these,which have caused the major landslides-
The landslime have been triggefed by the shocks of the

earlier egrthquakes.

i1) Vegetation: The vegetation is quite scanty

on the hillslonesy and wherever trees are present, their
roots; in the jointed Chandpur and allied formations, have
caused expansive forces which havc onened u» the jointse.
Small shrubs usually act zs nrotective mcasures to keep the
scree together but are abscnt s particularly on the steeper

slomnes.

iii) Lction of Yater: The precipitntion is héavy

during rainy and winter seasons and water nercolating through
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these Jointed phyllites acts as a lubricant snd-helns in
the diding of material.

iv) Strucﬁural Relationshins: The foliation
of Chandpur phyllites is close and dims northwards with
gentler dips. The joint nmettern is intricote with numerous
.Joint directions ~nd minor close folcding anc faulting further

ald in the disintegration of already soft nhyllites.

In view of the above mentioned factors,
it would bé reasonable to expect numerous landslides s part—
icglarly in the southern reaches of the Mussoorie hill renges
1+ in the aren investigated.
/. number of landslides~ both perennial and seasonal
“types-were observed, whose detalled discussion followse

Greater emphesis; howevcr, was laid on the Kelagad lancslip.

2+ KLLLG.D LLND SLIP

Lt the time of the conétruction of the Dehradun—
Musscorie rogd; the nroblem of laﬁdslide wa s pérticularly
noticecables For = sma??/stretch,-thc rord had to rass over
the Xalagad rovine near Rajnur 'and a bridge wes constructed

in 1919,

Though the landslide at Kalagad had existed even
before, it assumed greater dimensions in the ycrrs to conme
and eventually in the surrcr of 1965 4 the bridge was obscr
ved to have been completely filled uv by serec material (Plak-

NO 09) .
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.uden (1940) investigested this landslin and
su - cested an alt<rnative alignment of the roade He.mentm
ioned that the rradunl flooding of the Kalagarh ravine with
gravels 1s due to a perennial landslip oper-ting at the head
of the nala« Though the flooding had started earlier, the
protective measures were token up in 1928, which did not

help matters.

The lendslip is taking nlace in the black and dark
green slates and phyllites of Chandpur stege which nre
overlasin by purple coloured quartzites. Both these, as
mentioned earlier, nre very closely jointed and sheared.

In the yeesr 1941~42, for o distance of 2,960 It -
below the bridge, the aversge gradient was 5°. Fron the
bridge upto the toe of the slip the gradient wers 10°. Fing’:
thefavepage gradient of the slipned hillside wns 36° and fbc
height 6f the slin zone was 868 ft.

The aversge slone of thc hill there was 36° which vy
11° steeper than tic anglc of 25° wiich can be considered &
safe slope for sheared and jointed slates. The slope betucen

the bridge and the slipned hill grrdually rose to 25°.

Discussion:

The stage in which the Kalagnd landslin is presens
nowy it would seem that ony future triggering of the unstab.-
slope by earthqunske moverents would cause cornletc inuncdatio:
of the existing bricges The slones bf the slipped moterial

are gradually excewding the critical angle of repose anc it
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could well be expected that on a future datey there would
be developrent of a secondary slip surf~ce within the
scree material. Thils possibilit;” can be envisaged in view
of the likely effects of shock in the arca. The nresent
position of the scree material in the nala is indiceted in
Plate No«9, with the earlier levels of gravel given by
Luden (1842)

3¢ CIUER L.UDSLIDESs

In addition to the main Kalagad landslips there are
some other major slides in the area as indicated below?
1) 1/2 a mile from Kothal Gate on the Dehradun—
Mussoorie roade
i11) Near Power Housc in the Kiarkuli river,
i11) A nurber of lendslins are secen adjaccnt to the lime—
stone quarry faces.
1) In some resvects, thc slide nesr the Kothal Gate on
- the Mussoorie road is similar to the one observed in the
Kalagad ravine. The river bcd level is, however, considerahly
nore steener than thnat of ¥Xalagad. The rocks at the head of the
stream i1s the seme nhyllite—slate sejuence which is jointed
n” shesred and could pose sirilar nroblems. In view of the
steencr rr-dient of nel~, however, no flooding of secrce

meterial has taken nlace nor one is likely in the futurec.

*

The distnance bctween the bridge and the toe of the slip
is only 50 yds. and the slore of the slirned hill is about 60°

towsrds the downstresnm side. The landslin h-s thus not progressed
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very far anc protective msasures hsve already been taken upe

ii).The landslin in Kiarkuli, which anpesrs in the
enrrlier Survey of India top she-t Ne. 53 J,3, is in the
ncture of a vertical scarr in the Krol ¢ lirrstoness The
limestone is otherwise quite compact but the slip appears
to have taken place along one of the major structural weak

planes opened up by the XKiarkuli rivero

1ii) similar to the slip in the Kilarkuli section,
a number of other landslides were observed near the-quarry

faces but no detplled investigations were made there s



SEISNMICITY OF TI'%  LREL

1o GENEERAL

Ty

/n ides of the seismicitv of the Firglavan belt
covld be had frcr the fect theot, “uring thc nest hundrec
years, this hoes been thr scene of nerr y LC reior grrthow-t
rlthough , earth~upkes of this n ture must hrve becrn occurr
ing in t"is belt fror tires immemori-l , ret the first
scientific stucy of t"is subiect ~s uncfert-en ns late as
1383 by “r. T.0Llchar the first Tirector of the Geologicel

Survey of Indin.

The seismicity of the Indo Gin-vctic nle

Lds

n

of the Himrleoven thrust is c’osely rel-ted with their
tectonic histoqy ~nd they rrc structurnlly rel-tecd with
erch others The developrent of Indo—gz~ngetic ~lains and
th= lofty nountroins of the "imelayas is cormlircntary
to ~nch other. ‘he thrusts s~nd the strike of the forrotion
ir the Sirla—~Garhwal sre a% right cngles to the Lravelli--
Delhi strike—extens ons cf the neninsular shiield which
are likely to be extending Helow the Tiiinlsayas (Gonsser,

196::) . '
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The area around Fajnur, Dehracua “istrict,; has been
affected by rany earthquakes. In fact, the 1205 Kancra, earth—
~ugke which had one of its auxiliafy enicentre in this region
brought gbout considerable dapése in the zreas Taourh g
number of earth~ruakes have occurred in the neighbouring
repions earlier, whrich might have affected the Rai-ur area
also, no reliable record is avella®le of the extent of darage

done in the 19th century and esrliers

The Gange basin, south of Sirla~Gerhwal rerion is
western Utter Pradesh; is bounded by ! -radabad fault on its
south eastern margin, Deihi ridge on the western and the
Himalayan thrusts along its northern border. This triangular
block has shown activities all along 1ts wswpinss The
northern nart had the Kangra earthnugkes os the mi-rest

earth~ugke durine the recent tires.

The list of some of the irmortant nast earth~uskes
that origlneted in the neighbourhood of Dehracun district
during the vneriod 1905 to 1962, which could have affected the
Zehradun recion alsos are given gs ‘pnendix II. It also gilves
~an idea of the activity of the rezion since 1500 LoD “uring
which period, several large earthougkes have occurred and ray

have done crrsiderahle darane e

2+ K.VGRL EARTEULKE:

The Kangra earthouaze hgs heen considered by varlous

workers to e connected with the c¢reat houndsry fault -
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(Micclemiss 1910, fuden 1942)e It had a rarnitude of gbout
8 (Richter mgrnitude) and some of *the earlier earth~uskes must
have had similar marsnitudes but had rot been recorded, as
instrumental seismology had not developed at thet time. However
some estimgtes of the intensity in the enicentral region of
earthquake couli be made fror the scanty descrintion of the
damage described in the historical records. It would, however,
not be possible to estimate their intensity at Rajpur, before
the Kangra earthquake. The intenéity of damage of the Kangra

earthquake in Rajpur area was lossi~Foirel VIII.

The chief vibrations a~necared tc have heen horizontal
and could be divisible inte two or three main shocks which
lasted from 25 secs to.2 minutes. The effects of the shocks

weres

1+ Moaning and rattling sounds.
2+ People standin~ or wrlking lost their balance.

3+ Buildings showed serious damage—chiefly fissures
and crackse

4e Loss of life was insignificant e

CeSs Mlddlemiss (1910) discussed the relstive heirhts
of Mussoorie and Dehradun on the basis of the surveying
carried out fror Sagharanvur in cold weather of 1506-1907,
soon after the Kangra earthquake. He concluded that consequent
to the Kangre earthquake, Dehradun rose by 5.28 inches relat-

ive to Mussoorie. The details a"near as ‘n-endix I g1” in
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The damgge in Rajour region during the earthquake
was probably due to the connected movements along she thrust

from the epicentral region of Kangra (fuden 1542).

3« ACTIVITY OF XRCL TI'RUST

P, Mehta (1962) felt that there wes no nositive
evidence to susrest that future shoclis would necessarily
be comnected with the Krol thrust . The observetion of rost
of other workers 4 however, tend to show that the Krol thou-
has ~iven evidences of recent activity. In the oresent wori;
evidences were anaglysed which corroborate the ahove view;
and it seems quite nossible that this thrust may even becons

reactivated later. (Detalls in Chapter IV).

Minor earthquakes of the rerion which are being
recorded af the Seismolosical Ohservetory of the Indian
Metreological Denartment, located in the Survey of Incis »>I'f+-
ice; show that many of the epicentres are clustered glonec the
thrust zone, though they are fairly distributed in the wholc
region (personal communicetion fror Dr. .M, Tandon, Ditezi. .
India Meteorological Departrent). Sore of these clusters,
associated with the Krol thrust alisnrent sunmort the view
that the Krol thrust is still active. Local encuirics revee:
that minor shocks are ‘elt by the peonle in the Fairur arec
periodically but no Aamage has Yeen caused s

'
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4., POSSIBITITY OF FUTUT™ B/ RTIU.KFS

——— o moos o n

The foreroinr descrintion indlcates that the area
around Rajinur is fairly suscentible to e-rthquakes. The
maximum intensity of damare in the srea curing the Kengra
T-rthauake was of the order of VIII Lossi=Forrek. Finor
tremors are being recorded every week, a few of them
are even felt by the neoples This indicates that strain
bullg-up is teking ovlace iq the region and nart of it is
released frenuently. The residual strains which are building
up could cause a major earthguske in the region, but in the
absence of well docurented and well recorded data, the
likely mepgnitude of future carth~unkes cannot he forecast
with confidence+ Besicdesy as the asctivity of this rerion is
connected with that of the whole crustsl block bounded by
the Veradabad fault and Delhi ridec in the south alonr
which carthquakes of high magnitude with hisher intensities
have occurred-the activity of the Rajour rezion is Jikely

to be influenced by the rovements of the entire hlock.

The maximum marnitude so far obscrved i~ tre neighhou:
ing resions are FPicheter's masnitude 8 (Kangra, 250 kms. fror
NDehradun) s 6,0 to 7.0 (. .lmona and Kumgon, 22C kms) and 5.0 to
675 (Delhi 21C kme) . The observéd megnitudes indicete the
potentialities of develo~rment of sirilar earthruskes In the

Rainur rezion as well.

Yost of the known earthqueles in the Inco-ganretic
plain an? feothills of Minelevas, “cnerally show shallow |

~denths of foci~raniing fror 27 te 230 kns, which in“iec-te



SR
that they -re mostly due to the reclease of strein within
the crust above the Moho—~discontinuity. These rav bhe

atributed to ninor isotatic acdiustmentss

Conclusions Ta view of the foreroing, it can be safely
assumed that no ma‘or earthquske is likely to occur in the
aréa s thouch recurrence of minor shocks will be common «
The Krol thrust zone is an actlive zone and any future
earthquake along it is likely to be of ldw marsnitudes The
future structures in the area, thereforec, con be desiened
to stand an intensityv of 3 (Losggi~FPorrel) or {0 (-wodified
Mercally )+ The minor shocks will,; however, =ffect the stahi~
lity of slopés, specially in the region near the thrust

zone where the rocks aré already highly jointed and crushed «
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LPPE'DIX I

(mxtraet fron Mcdr, Go 1. Surve In“ e, 7 1638y 4348-349)

V_RI.TIO" OF L"VELS DETWEE™Y S.H!/L'VPUR,
DEHP..DUN .I'™h MUSSOORIE

The facts ~r: th-t in 1882 the linc »ctween
Saharan-ur ~n® Muss~~ric wns first lcvcllcds Thils wrs
rencated dn 1904 (the ye~r ™ frrec the cnrthqurkc), s far
as the ~~rtin “ctwcn Dchr~dun ~n? Muss ~ric 1s ¢ ncornce
Li~in In 1805 ~ftcr the Corthqunrke the l-tcr »orti n wes
ac~in levelled with the 7 jeet £ scedns if sny chonge ula
he Acteeted; and o Agrunition f A ut 4 inches was frund dn
the diffcrence ~f height between the tw nlaccs with ~r-nor-
ti~nnte diruniti-ns ot ~nints n the way. These last two
cxnerinents were corricd ~ut in May ~f thesc yeors, ~ut the
rcsults wercamhirues 1in ns nuch ns they =irht Mo intornreted
ns cither » risc ~f Dehra »r ~ sinkin~ £ Muss~~ric. T~
scttle this ~~int; ~n? ~1ls t~ verify the wholc thin , saneti~-n
wos ﬁktﬁincd, sn” the wh~1lc linc rclcvelled fro Sahay-on-uve
t~ Mussmroric in the ¢l wenthcr ~f 1906-07 olThc rcsults
corr~’ rrated the 1905 levellin ~n? cst~"1lishe? the f-ct
thet it wes Dchr-~7un ~n” the Siw~liks which ho? riscn -~n?
not Muss~~ric which h~" sunk. s it nusf h~ve t-ken ~l-acc
“ctween May 1604 ~nd Moy 1605 it 1s ¢ njccturc? thot it horore

cned “urin thie c-itheou-lics
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It mry be menti-ned-thot the rrestcst c~re was trken
in lcvellins ~ver such ~ 1-~ng ~and pruntein~us tract, the
rcliz"ility -f the staves ~n? tho ¢ wparison »f then with
a standord steel unit kent at Dehracun “cing attended to e
It 1s elsc nccessary t° ermhasise the faet thet in the last
lcvelling al7nz the wh~lc line the results agree s~ closcly
over ruch ~f it.,

The following 1s the tabular staterent of thesc
measurenents anc n scction is shown. (Flate Mo.15) |

Tahle showing the results ~7 levelling
between Saharonmur . Dehrodun and

Mussorrie
Wames ~f point Heights | Heirhts | !
determnin— | deterr Difference| Remnrks
ed in ined in {({n feet)
1862 1S06-07
(in feet) | (in feet%

G oT oS eEnliecicr

|
BMe at }907.25 907.25 | ;1gccp?c;
Saharanhur. f ’ *as origin
Stoncdard DMe s 9024728 —il = s

at Seharenpur

G oT oS e Emhedded 1489 .,400 1489 .730 , +0 330 .

BeMs ?,t M hand l

G+T oS e Embedded 2096 56 2096 925 +0 365 -

at M havewnln e

E«End ~f Dehradun [1959.07 1059 164 | +0.394 e

Basc Line. B
Iren Plug ot Triglp

Branch Survey Off—|2229 4132 2229.576 | +0 444 —

ice nt Dehrrdune | o
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Hei~ht of Bench Mark at Vincent's Hill,
Mussoorie,y ‘leternined in Mgy 1804, eve 7,12€.315
accevtin: Dehrasun as correct

Heirht of Bench Mark at Vincent's =ill,

Mussoorie deterrined after earthqualt vee 7,128 .897
in May and October 1003, acceptins

Dehra as correct.

Heirht of Bench Mark at Vincent's ¥ill, .
Mussoorie, takins the new value of Dehra vor 7,129.341
determined in 1906-07, acceptin/ Saharanpur

as corrects
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P£ST RT"CORD OF IMPORT!NT EARTHNUAKES

Important Earthquakes in and

Around Dehradun

Date Place Intensity | Remarks.e

A 2 3 4

1505~ July 6 Agra Severe Great damage.

1669=June 22 Kashmir Violent Large fissures in ground.

1720~July 15 Delhi Severe Grest damage.

1726=July 15 | Delhi > 745 Description of damage ing=
icates a marnitude of
grester than 7.5+ Great
damage and large fissures

1803~ May 22
1803=

1809~

1816~May 26

1825-March 22

1828=June 6

and 15

1830~July 17

|

Upper Ganges =—

Garhwal=
Kumaon »

Garhwal

Gangotri
Delhi.

Kashrir

Delhi

1831~0ctober 24 Delhi

Violent
Strong.

Severe
Sharp

Tery severe

Moderate

Severe.

in grounde.
Severe rumbling noisee

200-300 killed,y great
dama,f{e °

Landslide blocked Vishnoo
Gangase

Landslides and rock falls.

1,000 killed, 1200 houses
destroyed

The last of three earth— .
quakes felt during four
Iﬁon‘ths .

West of Delhi ,Nausea and
Shaking .

COl’ltil’lU.ed ¢80 8400
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1 e - 3 4
1842= June 16 [Mathura Severe Felt upto Mirzapur and
Chunar e
1842-- March 5 |[Mussoorie Severe. Damare to housese
l=Simla
1843=April 11 | Landhour Sharp . Felt upto Delhi and
(Mussoorie) Meerut .
1851= Feb. 14 |Nainital. Light Storm.
1888~ August 11| 8imla Light Two shocks.s
1860~ July 9 Dharamshala Moderate -
. 1905~ April 4 |Kanfra Greater + Grezt damages 20000
- TIIT EeFe killed .Xangra and Dharam-
, sala destroyed.
1937=0ctober 20{U+P and HePe | >V ReFe Felt very strongly in
Border. Dehradun and Arbhalag,
trough in Mussoorie
! before Roorkee
1955~ April 14 > IV RF Felt at Simla.
1956~ October 20 Khurja 675 23 killed in Bulandshahr
Bulandshahr and some slightly injured
1960 Aurust 27/ Delhi- 6.0 5Q injured and minor
Gur{aon. propcrty dama~e at New
Delhi. ‘
:
Date P Arrival Position
i 2 3 _ —
hemese
1956~0ct . “P — —— Felt at Roorkee.
1958-Dec. e —— Felt at Hissar, Simla,
Bareilly and Roorkee at
5he 37 m with intensities
T2y VIIy VIII respectively
1961-=July 13 07 413 430 | 25.8=8145 Mcderate Intensity well
recorded all over India

Continuedoeses’
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1

3

4

1962=July 13

1962~ July 14

ﬁ‘. m e S
05, 08, 6

15, 58, 5347

30454y 7946

30ed, 7945

Negr Almora in U.P. Felt
strongly at Almora,
Mukhteshwar Tel

Felt by some persons at
Delhi+ The shock was
recorded in almost all
observatories in Indig.

Near flmora, strongly

felt at Llmora, Mukteshwar
landslides near, Joshimath,
Recorded at almost all
observ-tories in Indiao.
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LEGEND

Booo | RECENT GRAVELS
~o 22| (SHOWING PREFERRED DIRECTION OF PEBBLES)
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SCHEMATIC SECTION SHOWING TILTING OF RECENT
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PLATE No- 12
DISTRIBUTION OF TECTONIC UN'TS DEHRADUN— RISHIKESH AP2rA
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PLATE NO. 16

MAP SHOWING EFPICENTRES OF PAST IMPORTANT FARTHQUAKES
IN SIMLA GARHWAL RAREA
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