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During the ne st hundred years, T'imalayan belt 

has been the scene of nearly '!0 r:ajor earthcuakes, In the 

course of various five yep.r plans of the country, a 

number of projects have been located and others envisaged 

in the re -ion, In order to Let a proper a>>praisal of the 

seismic activity of the T7imalayan reions it would 

na'urally be necessary to decinher the geological and 

structural features of the various areas in sufficient 

detail. 

In view of the above, a ?project was jointly 

sponsored by the School of i esearch and Training in 

earthquake Tnr ineerin- , Roorkee and the Department of 

Geology cnc' Geophysics, T_Tniversity of Rccrlree . The speci-

fic objective was to assess the seisrilcity of the 

Nussoorie°-Ra l-W r re- ion of Uttar Pray' esh , vi ich would 

involve detailed geolo(_ ica]. and structur,:l r-ia'^nin_g . The 

area was divided into four sectors and Sarvasri Bhupendra 

Sinh , S. Salnaka , Gopal ji SinL'h and the author were 

allotted separate sectors. 

The dissertation covers a short account of the 

geological set--ur,  , the lithological characters , the 

structure and t ect or.i c s , the major land s lic' es and the 

seismicity of thr= Plea. t number of interesting ob,PIT-- 

: e 	 hop lo 	"Tr 	 -jce and It is 	 ec; t: a'  

further eJucida.t,o rna-)y ur solved pro,31(, rrs 
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CHAPTER - I 

THE 	ARE I. 

C "TXQi 

The area investigated is enclosed by latitudes 300 8' 5" 

and 30° 26' 5" and longitudes 780 2' 38" and ~8~ 8' 5" lying 

in the topo sheet No. 53 J/3. 

Approximately ninteen square miles of foot hill region 

in the Dehradun District  extending from Baldi river in the 

east to Bhitarli in the west 9 was taken up for detailed 

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 — is situated in the heart of the area (P1 : ;e T7o.1) 

Formerly Rajpur was a very important communication centre, 

since the rule track connecting Mussnorie with Dehradun emerged 

at Rajpur. After the development of Mussoorie township and the 

construction of motor road'between Dehradun and Mussoorie, Rajpur 

township was virtually deserted. Tibetan refugees have now been 

settled there and a sizeable population exists. In view of the 

scenic beauty, a number of ashcans have lately been developed 

around Rajpur— namely Shahanshahi , Ran Tirath and Bengali 

Ashrams. 
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CHAPTER • I 

THE 	AREA 

OC^ 0 

The area investigated is enclosed by latitudes 30° 8' 5" 

and 300 26' 5" and longitudes 780 2' 38" and ~8° 8' 5" lying 

in the topo sheet No. 53 J/3. 

Approximately ninteen square rules 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 from Dhakpatti which is approx-

imately six miles north of Dehradun city. Rajpur— a suburb of 

Dehradun — is situated in the heart of the area (Pi- 	X70.1) 

Formerly Rajpur was a very important communication centre 

since the rule track connecting Mussnorie with Dehradun emerged 

at Rajpur. After the development of Mussoorle township and the 

construction of motor road between Dehradun and Mussoorie, Rajpur 

township was virtually deserted. Tibetan refugees have now been 

settled there and a sizeable population exists. In view of the 

scenic beauty, a number of ashrans have lately been developed 

around Rajpur— namely Shahanshahi 9 Ram Tirath and Bengali 

Ashrams • 



About 32 miles south-east of Rajpur, lies Sahasradhara-
which is a famous picnic spot along the banks of Baldi river. 

1bove 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 1prilp 

May and June. !it this time of the year, the densely jungle—

covered river valleys are hot, humid and unpleasant .'The area 

is visited by a heavy monsoon during late fortnight of June 

which extends upto July and 1'.ugust. The annual rainfall 

exceeds 60 incheso In winter s  the temperature reaches below 

freezing point particularly in the months of January and 

February. The snow fall takes place above the height of 

500 feet approximately. 

TOP OGR?.PHY 

The area, ranging in elevation from 2500 to 5500 ft . , 

forms the southern part of the main Mussoorie hill rat ges . /t 

lower altitudes, it represents an undulating topography which 

is dissected by an intricate drainage system. 1. number of 

hillocks ranging in height from 2500 to 3300 feet project out 

from the Dun Gravel deposits— which are gently sloping towards 

the Dehradun Valley. 



GEOMORPHOLOGY 

The rocks exposed as the part of Krol P-1t and of the 

Siwaliks, show distinctive geomorphological characters. 

The Siwalik hillocks are generally elongated in a 

N~-SE direction but some are trending I!TNP}-SSW also which 

might be attributed to the excessive erosion of Siwalik 

formation by youthful streams emerging out from the mountains. 

The lternating loose sandstones and clay-shale beds of 

Siwalik exhibit typical differential erosion as a result of 

which sandstone escarpments are distinctive. This is true 
for the entire Siwalik Ranges (Wadiay 1961 ) and is shown 

here as well. The occasional conglomerate bands within the 

Middle Siwalik sand rock formations project out as seen at 

Kiarkuli haver Section. 	The cia -shale 
having been easily weathered forms cornices. 

The rock types in the Krol Belt show differential 

geomorphological characteristics. The dominent rock types 

are Shale-Slate-Phyllite-Quartzite succession and massive 

limestone with marble. 

The weathering of phyllites and slates in the 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 Kiarkuli 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 stability of slopes. The slates show landforms similar 
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by Bad it Nadi in Sahasradhara region and elsewhere also e 

The streams have comparatively steeper gradients in 

higher reaches where occasional water falls and rapids mrl. 

the course. Lbout one and a half miles P.E. of Raipur,  g in 

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

Nalota river which originates at Kothal gate at 

Rajpur has cut its course through gently sloping terrain 

composed of Dun Gravels. It has been observed that the 

Nalot a river does not have sufficient discharge. In fact. 

it goes underground for some part of its length. This 

appears to be due to: 

1) the river flows through a region where a thick 

gravel deposit exists below the river bed -h c~i ._ 

highly pervious in nr,ture . 

ii) The water in the stream is insufficient so as 

saturate thin gravel dei osit which might be 

below the river bed in order to have a coast ~.n'- 

surface flow. 

The drainage system of the area feeds two major 

rivers of India the Yamuna and the G•n."tes . In fact Bhits:: 

Kiarkuli and Nalota rivers in the western part of the area 

tend to flow towards Yamuna 9 while Bald! Nadi flowing in ti 

eastern part of the area meetsthe Gsnfies. 

s would appear clear from the drainage map of the 

area y there is development of dendritic pattern which niigh'u` 

be due to different rock types present in the area and the 
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to those of phyllites (as seen at Rajpur, Sahasradhara and 

Kirrkuli 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 it 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 caves. 

DRAINI,,GE' 

The area is drained by five rivers — namely the 
Bhit arli , Kiarkuli, Nalota, Rispana Rao and Baldie Originating 

from the southern side of the main Mussoorie hill ranges, the 

rivers flow southwards into the Dehradun valley. The Nalota 

River originates from Kothal gate at Rajpur and flows in a 

southward direction (Plate No . 2 ) . 

All the four rivers, except the Nalota t 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 tributarieso Thr flow in narrow valleys which 

they have out 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 



by Bad it Nadi in Sahasradhara region and elsewhere also. 

The streams have comparatively steeper gradients in 

higher retches where occasional Crater falls and rapids mrL 

the course. ,ibout one and a half miles Y .E . of Ra ipur y in 

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

Nalota river which originates at Kothal gate at 

Raipur has cut its course through gently sloping terrain 

composed of Dun Gravels. It has been observed that the 

Nalota river does not have sufficient discharge. In fact.; 

it goes underground for some part of its length. This 

appears- to be due to: 

i) the river flows throup,h a rrr,;ion where a thick 

gravel deposit exists below the river bed h-c 	.. 

highly pervious in n-,ture . 

ii) The water in the stream is insufficient so s -' 

saturate thin gravel°deoosit which mi tght be i r ~ . 

below the river bed in order to have a coast r.nt 

surface flow. 

The drainage system of the area feeds two major 

rivers of India— -the Yamuna and the G ,,n.rres . In fact Phita-= 

Kiarkuli and Nalota rivers In the western part of the area 

tend to flow towards Yamuna y while Baldi Nadi flowing in 

eastern part of the area meetsthe Gpn,.es. 

Is would appear clear from the drainage map of the 

area y there is development of dendritic pattern which rnigh- '6 

be due to different rock types present in the area and the :' 



varyinL decree of susceptibility to erosion. 

VEGETLTION 

In the are ^, inve sti F.Pt ed , there are three 

dominent types of vegetation characteristic of 'Siwalik 

formation' , 'the Jaunsar°Krol formation' ? and 'Sub *oc nt 

to recent formation' . 

The Siwalik hills are princinaJ.J.yy covered by 

)dense forests. The r,ost important tree is the Sal 	ore 

rohus .a)  , which in fact marks the presence of Siwalik format-

ions • They arc found at heifihts less than 3500 feet. Sal trees 

sometimes form almost pure forests. The other trees are 

Shisham
A 
 (Dalbergia sisso)  , thr- thorny khair (:Lcacia 

&Ltcchu) and Bamboo (Dandroca,lamus strictus) • 

In Jaunsar°Krol formation the vegetation is 

scanty except where layer of soil is found or in the weathered 

shale formations. r.t higher reaches , Dine trees are common. Oak 

is the principal dominant tree in the intervening regions. 

In the recent and subrecent formations there are 

mostly cultivated lands or gardens of Tango )  'Jamun' 'Licht' 

etc • Pipal (Ficus religosa and F. cordifolia) , Neem and Barr.at 

trees are found near the villages. 

SCOPE OF IOFK 

The field work entailed systematic geological 

mapping, of the area on 6" to 1 mile scale wt ich was ly 
w 



from the original one inch topo sheet No. E3.J/3. Spccl,.l 

attention was given to the SeoloCical studies pertaining 

to the krol thrust region. In view of the rugged terrain 

it has not been possible to trace all the outcrops of 
for 

individual litholocic units alon;'. the strike,LlonF distances • 

1 number of traverses were taken aJ.oni t)le va.rious streams 

and road s'•ctions . The outcrops were marked on the map which 

were subsequently correlated 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 detail near the thrust zone. 

The laboratory work included petrelogical examination 

of various representative rock tyres in hang'. specimen and 

under microscope. Heavy mineral studies of the Siwalik 

sandstones were made to distin'uish the lower and middle 

Siwalik s . 

In view of the numerous landslides in the area an 

attempt has been made to study them. 

For the prover appreciation of seismicity of the area, 

data were collected on the prescribed form s  for the intensity 

and the effects of the previous earthr;uakes felt in the region. 



CHL.PTnR II 

	

GEOLOGY OF THE 	F, E:: 

PREVIOUS WORK 

...R. r'cdlicott (18&) ' v` t':c first authoritative 

	

account of a tract of the '3 ' J.ay 	lying betTrccn the R^vi 

and Grngcs rivers. His attcntion was crnfincd nrinci~ally 

to th Tertiary rocks which he classifica as under; 

Sub Hina1aya n Serie s 

Upper 	••••• 	Siwalik 

Mi r d le 	 .....T TShan 

Lower 	.. • • . 	(Kc saoli 
(Purshai 
(Subathu 

The prc•-tcrtia ry rocks ir:.rc classified, by him 

on the by si s of the degree: of nc t or",'h i_ srr as 

Ilimalayan Seric s . 

1. Unmetanorr)hic 

Krol. 
Inf r.- Krol.  
Blai ni 
Infra Bla.i.ni • 

2.' Mct ariornnhic 

Crystal3.inc ar-1 sub -cryst a.7.? ;n' rocks. 



.~ . Oldham (1883, 87, 88) -Dubl fished a series 
of p ,»ers on the reolon,y of the hills between Simla and 

Cha,krata and was m2in,y concernecd, with the ?3laini and Infra 

Blaini succession. In his s(cond na.oer he surested a glacial 

or•ipin for the Blaini conlomer-te, renaminn it a 'boulder 

slate'. In his fourth nr r he ^,ssi;lncc' :-.n T'er Palaeozoic 

-re to the Krol beds. 

C.S. Middlemiss (1J87) ma.nped and described large 

areas of British Garhwal. .° new standard of accuracy in manz~ 

in was introduced and ?Possibility of great rock translations 

was foreshadowed. 

Middlemiss (1890) found that the Ui-oer Siwalik 

Conglomerates have over-laooed tIn TTahans 9 on to the trams 

of the pre-Tertiary rocks y truncating. the rain Boundary Fault • 

This prover that tre 11 -n .F. of Garhwal w~.s Dr(-,-71! iocene • 
Midcilemiss also noted that a later reversed fault in the same 

Gangolia, locality 9 has bron'.ht Middle Siwaliks on to Upper 

Siwaliks • The thrusting riust hr,vc continued over a considerable 

length of time • 

Thorns 'ol)a: 	(7.m) described 	striated boulder 

fron the Blaini beds at Si.il y further substantiating Oldham's 

supposition of ti: eir glacial origin . "He su,*, nested a, Purana age 

for the Blaini. 

C.S.  Midelemiss (1910) nave an account of the 

relative difference in elevation between ehradun and 



Mussoorie as a result of the Xanrra earthc!ur',e of 1905. 

The earlier level lyn^ of the ye-,r 1182 from Saharannur to 

Dehradun was repeated in 1907 to note the cr-r. es 9 in view 

of the 'ambiguity in the height of Mussoorie (Vincent Hill) 

with respect to Dehradun 9 which was noted soon after the 

earth;ivake in 1906. On the basis of the data of levelling , 

he concluded that Dehradun rose by 3.28 inches relative to 

Mussoorie, which was consir'ered to be st ,.hle ('.pnendix I= 
-.nd Plate No. 15 ) 

H.C. Das GuDta (1915.78) published various 

papers on the age and correlation of the rocks in the Solon 

and Siml. areas. 

Pilgrim and West (1928) completed the detailed 

survey of the Simla hills, usinr' the excellent two inch 

to one mile Punjab forest maos . Their work wp.s confined almost 

entirely to the more metamorphosed rocks. They realised that 

the a,rDperent simplicity of the sections at Sirla was probably 

deceptive and, discardin-, the correlation of t1!e rocks at 

Simla with trosc of the Krol hills, they suggested instead 

that a series of thrusts had brought rocks of different degrees 

of metamorphism to lie in abnormal juxtaposition. This 

succession is as follows: 

Da shai series  ••••.  Lower Miocene 

Subathu series  •••••  Mic1 ole Eocens to Upper 
Oligocene 

Krol series  o.••.  t~ 



Krol sandstone 	) 
Infra krol beds 

Bl ini Limestone 
Blaini conrlomern•te ) 

•••••• Lower Gondwana. 

Simla series (Infra Blaini)..... Lowcr Palaeozoic. 

Jaunsar series  • ..... Purana . . 
Chpil series  • • .. • • Purana • 
jutorh series 	 ......._ t rch can ? 
Sh li Lirnostene ^nd. slatr s ..... Position unccrt ain 

The sequence of Jutogh y Chail Jaunsar and Siria series 
was considered 's follows: 

Jutorh series 
Jut o gh Thrust 

Chail series 

g it -+—afar ►•r- 	- 	C'i it Thrust. 
U) 

Jaunsar series 

-'~*+'►-': '.-gar;---_-• 	Jaun,s;ir Thrust. 

r.utochthonous sequence of 
cU Sirdla slates to Iirol rocks 

r.n upper carboniferous age v, s reintroduced for the 

Blaini beds. 

1A.adia (1923) r.-ve an account of the peolopy of 

Poonch state and adjacent portions of the Punjab. Ye indicated 

the existence of extensive thrust ple.nes y pnd of vole?.n4c 

rocks in the Upper Carboniferous Lnd Permian which was further 

ernohasized in his later work 9 particularly thaton the 

Himp.layan synt^xis . 



IIIJ.TIJIT 
Lower 	Simla slates with 

 
Deoban liri stone 

Palaezoic and 
 

Ilakarhatti lirestone 
Pre-Cambrian 
 

Si,.la slates 

Miocene and 
older Dolcrit es 

DealUn` with the structure and tectonics 9  ,,uden 

inferred that the structure of Krol Belt is that of two 

thrust-'bound synclines of Krol rocks rc sting or a Jaunsar-

Simla slate foundptions. He has named the two synclines as 

1. The Nigali syncline • 

2 . The Xrol Hill-°Kaml5 -Dhar syncline. 

Discussin,^ the Krol thrust 9  :Auden has said that it is 
ry 

the "Min bcun.dary fault of earlier writers who have described 

analogous areas. Fror Solon to Daciahu 9  it brin;7s Infra Krol and 

Bleini rocks a.- ainst Suba.thu, np.i shai an Kasauli st^.' cs 

Further ee st ;la ni y Jeunsar and anc'hali racks override 

Subathus and eventually colic to lie upon TTahans • He mentioned 

that the thrust below ussoorie is the continuat: on of the 

Krol thrust. 

In tho Kalsi arch, tho T rol thrust }: rin ,s 
v 

pre-tcrti ry' rocks to rest upon. -̀-.hins..Thc thrust rust ;  

thorcforo , bbc of ?fioee: or la,t r r are. !4t Bilasppur the 

Krol limestones are sc.en to rest at 3O^ to 4O^ upon Uoner 

Siwalik Conglomerates. The latest rovemcnt of the thrust 

here (Bilasnur) crnnot be olc'er than Pliocene. The same 
inference 	plic.s to the thrust at Dadhuw:JY, which bring 
I'idclle Siw,,liks to rest upon Upper Siwaliks. 



J.B. .uden (1934) 9 however, completed the most 

rem:.rkablc work ontthe Krol Belt and maed the Simla and 

Dehr,:.Oun ._rc - s . His authoritative account has formed the 

basis of rore det^.ilecR investi.~,.tions by later workers. He 

--ttempted to correlate the succession of Solon area with 

that of Tons rcr•i.on and 	ve the follow'nc> stratirlraphical 

sequence: 

1 

:fie. 

Miocene 

Lowe r 
Miocene 

Oligocence 
Eocene 

Cretaceous 
and 
Jurassic 

TTiIIiI1TITThIZ - 
Solon neighbourhood Tons river neighbourhood 

Nahans (only at 	r?aha.ns Ihalka) 

Ka s a,uli 
Dar, shat 	 Da ; shai 

Subathu (Nummulitic -qubathu (rTumr1ulitic) 

Upper Tal 
.,bsent 	 Tat Lower Tal ~~ 

Krol 
Series 

Krol 
Lime=-
stone 

Krolj 

Krol D 
Krol C 
Krol B ( Krol 
(Red 	Series 
shales) 
Krol i. 

TTh r 
Kro 
Lirl stone 

rol 
ime 
ton Fed shales 

T,oT Tc r Krol 
~Ii°e stone 

Upper Carboni 
ferous 

Devonian and 
Silurian 

Krol sand 
stone 
Tn1T k ro 

-Blaini 	 Blaini 
Infra T:rols 

Jaunsar with 
possible Mancihali 

Napthat stage ) Jaunsar 
Chandpur stare Series 
Mandhali st r I e 

(Continued...) 
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Lower 	Simla slates With 	Deob~n limy- stone 
Palaezoic -nd 

 1..a 'arhatti lire stone 
Pre-Cambrian 	 Si,..la slatcs. 

Miocene and 
older Dolcrites 

Deal±n with the structure t nd tectonics 9 ,,uden 

inferred that the structure of Krol Belt is that of two 

thrust-bound sjmclines of Krol rocks rc stinu or a Jaunsar-

,Simla slate foundptions. He has named the two synclines as -, 

1. The Nigali syncline. 

2 . The Krol Hill"Kar11J -Dhar syncline 

Discuss in the rol thrust 9 :uden has said that it is 

the "11ain boundary fault" of earlier writers wro have described 

anal.orous areas. Prorl Solon to Dadahu, it brines ?nfra Krol and 

Bla ini rocks aminst Subathu 2 T) shai and Kasau1i st^.' E-.s 

Further c st , 3la ni 9 Je.unsai and Y,-.ndha.1.i rocks ovcrxid.e 

Subathus and eventually conic to lie upon T'ahans • He mentioned 

that the thrust below Yussoorie is the continuat: on of the 

Krol thrust. 

In t1 Kalsi aroa , tho Krol thrust 
v 

pre-tcrticry rods to rest upon. ' ,,han; ..Thc thrust rust 3 

thorcforo , 1:bc of P!iocc r or lit r are. _'.t Bil.- s.ppur the 

Krol limestones are s^en to rest at 30^ to 1.0 upon UT)ner 

Siwalik Conglomerates. The latest rovemcnt of the thrust 

here (Bilasnur) cannot be oiler than Pliocene. The same 

inference r ~plics to the thrust at Dadhuw-1-, wrier bring 
I?idclle wiwn.liks to rest upon Upper Siwaliks. 
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200 

4 ,500 

2 ,00() 

3 ,C00 

1 ,000 

2,000 

Lo T.ic r i o c en e 

Eocene 

Uper Cretaceous 

Cretaceous 

Jurassic 

Trips  

Permian' _ 

Talchir? 

:uen(1 37) Cave a furthr:r r.ccouit of the Krol Belt 

,n( c'_iscussoc in 	tail the ar s 1y in - ast of 7.,^ 1con!•itude.• 
The succcssioii ,is cnuncr.!trd 1.or this arc,, is ;ivcn bclov,. 

Fora,,.tion 

Ciw 1ik 

Unconf or - fxr rox imat e 
mitiEs 	m-,ximum 

thickness 
in feet. 

16 ,000 

Probable ane. 

Unner Miocene 
to ?'leistocene 

Furrel (?lmost ^hsent - 
c - st of lon-• itude 780' 	Ie 

Mums°u] it is 

Tat ]_imestone and 
C^.lc grit 

Upper Tal T: -1 qu ~t zit e 
Lower Tal shales 

Unner Krol 
DoLomities line' 
stones and shale 

Krol ----~---- 
Krol Red shales 

Lowr r Krol lime' 
stones anc shale 

Infra Krol Slates 

Uijne: Siaini boulder— 
bed and dolomite. 

Blaini slates 

Lower B1ai.ni boulder 
bed 

Na Chats 

Cha nd ,ur 	 4,000 

Devonian ? 

Paleozoic and i 
Precaribrian ' 

Dolerites  Late Tertiary 

3 ,000 



l&. 
5• Grpnite zone ° consists of oaragneisses and schists • 

6. The Tethys zone of fossiliferous scdirrents~- The 

reJ.'tionship of this zonr; to bra .ite ^.:Y1 nor,;, gneiss was 

considered obscure. 

Krol Thrust —its ;,re arc? ?aoor^ent s 

The ri ximum 9,ne of the Krol thrust 	s estpblished by 

the n;.esence below it of NunT,, 'litic anc' n^rshai rocks. This 

thrust ear_rot therefore y be older er th,^.n T3urdif a].ian 4 

Ho said that some of the r.over^cnts along: the Krol thrust 

are r-ore rccrt than Helvetian which is proved by the frenuent 

ju aposition of nre °Tertiaries upon T?ahans between the Jumna 

river cnd north of Bon;. al. Further in places even the Upper 

Siwalik conglomerates are involved in over thrusting of prey 

tertiaries.  Ten miles north west of nehradun , the boulders of 

these conglomerates are s,- shattered that it is impossible to 

obtain hanc s-o5- cimen of tm. Sirr_ilai overthrusting occurs at 

3il..snur on thr ">utlej riv:-r • ^'hes- never ants were considered 

to be of lover pleistoceno or eves.. later ^.. e . 1i - found it diff-

icult to .relieve that maior :horizontal r ovemerts of the Krol 

an Garhw^I narpes over a clis~ance of several miles should take 

place as late -.s this. By lower Pleistocene tires, the upper 

napes h-,rr rylrc,dy br-en worn away into outliers • The forrr,ation 

of these up-)or n^noes couJ_r only hryve tr?cen -olr.ce ')efore erosion. 

These outliers would 'ac unable to translate be stress 9 rs unit. 



.Guden sucgested a classification of the 'rrol Belt 

on the basis of Loo'ra?phy and structure which, is riven boloUw. 

1 • ,Siwalik rar.[ e and 1n 

2(a) . 0nnter loz,row Hima?.aZra , with an intricate 
network of spurs and, rivers. 

(b) Inner lower Himalaya with simpler toporlraphy.  . 

3. Main Himalp bran range with its deen scarp slopes 
fc,cinr: towards the plains and t entler dip slopes 
facins, Tibet 

4 • Hi: h peaks north of the Main Hima.laya.n Range with 
irregular disposition. 

Sgg,  yji  (for the Garhwal Himalayas)--- 

1. l:uthochthonous unit— The base of this unit is probably 

the cimla slate series p overlying; which occur Numulitics'  

Murrr-.es and Siwa].iks • Thrusts occur with this unit but do not 

seem to be of premier m, rinitude . The most important thrust is 

that—whiclh has lonr-. been called the Main Boundary fault. This 

autochthonous unit ,,nn (-,rs to occur within the Himalayas 

2 • The Krol rTap- thrust u'r cn the autochthonous unit 
and corresponO.inr' to the Krol Belt • 

3. The Garhwal Napoes°° thrust upon the Krol Nanpe . The 

main Garhwal Nappe may have its root in the main Himalayas range • 

4. The Main Himalayan ranre-° with eler_ (=nt s common to the 

Garhwc l NapDes and the distinct r1 roup of para °rneisses and 

schists . 



5• GrPnite zone -• consists of paragneisses and schists. 

6. The Tethys zone of fossiliferous sedirents The 

rcl-,tionship of this zone to rrrn.ite ant' n'ra gneiss was 

considered obscure. 

Krol Thrust-its 1,"e. arc? MTojrcments 

The meximum -.rle of the Krol thrust was established by 

the n;esence below it of Nur's.TJitic anc' D-'rshai rocks. This 

thrust cannot therefore 9 be older than : urOi ali?n: 

He seicl that some of the rrover^ents alone_ the Krol thrust 

are rore rccent than Helvetian which is proved by the frenuent 
~ 	 a 

,ju apositiofl of o:re •T'ert ari s Upon ITahaY1s hrtween the Jumna 

river and north of Bcn; a1. Further in places even the Upper 

Siwalik conglomerates ale involved in over thrusting of pre- 

t erti=a r±.e s • Ten miles north west of Pehradun , the boulders of 

these conelor ertes are s:- shattered that it is imDoSsibG to 

obtain hanc s' Yc.{r~en of t'iem. Sim_ilar overthrusting occurs at 

Bila,s~ur on the ,uticj riv: r . Thesr nlcvE mcnts were considered 

to he of lower nleistocer.c or even Later a e. I: found it cliff 

icult to believe that ma10r horizontal movements of the Krol 

end Ga.rhwal motes over a distance of several miles shou]d take 

place as late -.s this'. By lower Pleistocene tires 9 the upper 

na.poes h-.rl -.lrc^dy berm worn r wa y into outliers • The forrnr.tion 

of these uo--or n^nnes couJ_c' only hove t^ken 1D1^.ce before erosion. 

These outliers would be unable to translate The stress 9 p s unit. 
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^.uc?en exri inec'. ±', r folclin, in T'r•ol _f:r C.n.rhwal 

napes as a result of the resistance offered by the floor 

upon which the moverlent was affected. The M;over,ents along 

these thrusts took pl,ce before the river dissections had 

reached the present pronounced stare. 

Concluding y ;.uden observed "...... there has been more 

than one period of movements, the stronger movements perhaps 

during; the Helvetian and the later rioverlents during the 

Siwalik and post Siwalik 1' . 

`uden (1942 9 a) while dealing with the geological 

investigptions of tunnel alignment for Jamuna Hydel Scheme 

has discussed the regional geological setup which is as 

follows. 

Buropean time scple 

Iliocene- 

Tertiary 
Eocene-Pliocene 

Indian terms 

'IT-hans 	Youngest 

Sub,n.thu-' 
Darr shat 
series • 

Palaeozoic 
to 

Preca r.brian 

Upper Carboniferous 

?Lower Palaeozoic 
to Precambrian 

B1aini series 

Ma nclhali series • Oldest 

He maint ,ined the glacial origin of r31p,inis and described 

the s'1^cia) tillite to be 200 9000,000 yc-rs old. RepardinP 

Mancihp.lis he felt thrt their position was very uncertain in 

the ti-:c sc~'1c. Its age was inferred to be olc'ei than the 

Blainis. Tectonically the Mancihalis and Blainis have been 



thrusted over the SubatYhus ,Inc! D rshai forriiptions 

(Krol thrust) which in turn have been thrustcO over 

the younrer rY-han format ions (ATahan thrust) . Both the 

thrusts dip Northwa.r !s . 

In the violent K^nnra r7. rthquake of 1905 though the 

main epicentral region was situated bc' =wrc'cn Knn'ra and 

Dharamsha 1, 9 a minor region of int'nsity rrertor than 

isoseism~,j. VIII was present in the Dun vaile7T (Plate No .14 ) . 

He has described that the focal plane of the earth-wake 

was associated with one of the boundary thrusts present in the 

Kancra vE,lley,  9 alon + which Murree rock h;,d been thrusted 

against the Siwaliks • This thrust is homolor.ous to the Nahan 

thrust of the Giri^Tons area. The rc ,,ion of high isoseismal 

around Dehr,.,dun t:.,.s -rob^lily connected with either Mahan 

thrust or the Krol thrust g because the lon& Pxis of the 

ellipse representing isoseismal VIII is shown to lie between 

F:ajpur and Kalsi. Considerable _'amar'e and collapse was suff 

Bred by houses in nehradun , Mussooric and bazar of Chakrata . 

tuden concluded that the zone of landslips on the 

south side of the Giri river and, north side of the Jumna 

runnir.r from Bakan to Danda (53 F/10 9 63 F/14) was connected 

with a pz Ct earthquake of great violence. This zone is 

demarcated by a. chain of lakelets and depressions as is 

well seen at Bakan. In view of their par.p1lel alignment to 

the Nahan thrust p he felt that they had developed consequent 

to the repented movements -.].onr T ,.han or K) of thrusts • 
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Krishnan and Swaminath (1959) referred to the 

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

during 1948 to 1952. Stratirraphic and tectonic problems in 

the sub-Himalayas were discussed and a n,cw intcrpret~tion of 

the relationships of the formations and correlations was 

suggested. The Khaira Quartzites of Dhararlshala, Mandi and 	1. 

Bilaspur areas were correlated by him with the Tanakki quart- 

zite of Haz4 rn- which occurs below the Sirhan limestone and 

with the Blaini boulder beds. Though the T3laini Boulder Beds 

were earlier regarded equivalent to the Taichir Boulder Beds, 

V.H. Boileau suggested that they wort approximately equivalent 

of the Kaimur series of the Vindhyana. With this ors the basic 

idea) Boileau has suggested a correlation of other sub—Himalayan 

formations including Krol series as shown in the table: 

(Part of V.11. Boileau's Tentative) 
Correlrtion 

Suggested age Peninsular India Simlaw-Gar'hwal Krol 
belt 

Carboniferous -- Tal series 
Upper Krols  

Bhander Krol red shales. 

Rewa Lower Krol 

Ordovician. Kaimur B1-inI. 
(? Mandhali) 

Middle Cambrian F.ohtas stage 

Tirohan movements 

Kheinjua stage 

Porcellanite stage Beoban limestone 

Malani Igneous Nagthat . 
activities • 

Continued  ...f 
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Luden (1942 ,b) investigated the cause of the 

Kalagad landslip on Dehradun—Mussoorie road. 1:ccording to 

him pradu l flooding of the Kalaad ravine with_ gravel ifs 
due to perennial landslip which operates at the head of the 

naia. Protective measures were first started in 1928.. He 
also reported that the filling up of the Kalagarh ravine has 

been taking place even beforo 1913-1914e. 

In the year 1941-42 for a distance of 2960 feet below 

the bridge, the average gradient was 5°. From the bridge upto 

the toe of the slip p the -radient was 10`' . Finally the average 

gradient of the slipped hill rose to 36°  y the height of the 

slip zone was 686 feet. 

During the monsoon of 1941 a heavy down pour on the 

night of ugust 21-22, caused the flooding of 400 feet of the 

motor road with gravels to a depth of 4 feet. 

He felt that no protective measures would be useful in 

view of the slope being 36n, which is 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, pivinr, details of the chemical analyses and a map 

of the marble band. 

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

of Bhatta near Mussoorie . 

D •R •S • Mehta and M rayan Murty (1959) Cave an account 

of the high grade limestone deposits of Dehradun Mussoorie area. 
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Krishnan and Swaminath (1959) referred to the 

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

during 1948 to 1952. Stratigraphic and tectonic problems in 

the sub  --Himalayas were discussed and a new intcrpretrtion of 

the relationships of the formations and correlations was 

suEFested. The Khaira Quartzites of Dh<ararlshala, Mandi and 

Bit;spur areas were correlated by him with the Tanakki quart-

zite of Hazara— which occurs below the Sirban limestone and 

with the Blaini boulder beds. Though the T3laini Boulder Beds 

were earlier regarded equivalent to the Taichir Boulder Beds, 

V.H.  Boileau suggested that they worc approximately equivalent 

of the Kaimur series of the irindhyana. With this as the basic 

idea, Boileau has suggested a correlation of other sub—Himalayan 

formations including Krol series as shown in the table: 

(Part of V.H. Boileau's Tentative) 
Correlation 

Suggested age  Peninsular India  Simla--Garhwal Krol 
belt 

Carboniferous  --r 	Tal series 
Upper Krols 

Bhander 	 Krol red shales • 

Rewa  Lower Krol 

Ordovician  Kaimur  Bln inl. 
(? Mandhali) 

Middle Cambrian  Ioht<as stage 

Tirohan movements 

Kheinjua stage 

Porcellanite stage Deoban limestone 

Malani Igneous  Nagthat. 
activities. 

Continued • ../ 
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SuFF;estcd age 	Peninsular India J Sir.l –G^,rhw'1 Krol 
belt 

Lower Cambrian 	Basal stare 	Bhimtal 
Volcanics 

Erinpura, porogeny 

Precambrian 	..jabgarh 	 CheLn.dpur 

J.lwar 	 Chamoli 

Rialo 	 To jam 

P.N. Mehta (1962) while describing the regional 

geology of Yar.~una Hydel Project region considered Krol thrust 

as the 'gravitational glide plane'. The contact of Mandhali s , 

Chandpurs and Nagtha.ts have been described as thrust plane 

as shown in the table below: 

Devonian 	 Nagthat series 

Thrust 

Cha ndpur series 

Thrust 

Silurian 	 Mandhali series 

------Krol thrust — (or the Krol gravit- 
ational elide plane) 

Eocene 	 Subathu—Da gshai series - 

Thrust ----(or overfold) 

Middle Miocene 	N han 
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In his view, there does not seem to be any oositive 

evidence to su41;est that future shocks will necessarily be 

connected with the Krol or Nahan thrust. He believed that 

the rocks of the area have been tr^nsl::ted over lone distances 

and now they form auatochthonous unit separ?ted from its root 

are due to gr7vit.tional gliding. He felt that all the 

stresses, to which the rocks May have been subjected to in 

the past , were likely to have been released during the process 

of translation from their original place of deposition. Thus 

thrust plane need not necess<~rily be considered as offering 

foci for any earthuakes in future. 

In the end he concluded "..... The Krol—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 accumul~.tion of compressional stress 

along the Nahan thrust, (which lies close to the Krol thrust) 

there may be 	re1c -. se of this stress by rovement s along the 

thrust". 

Krishnaswamy (1962), while discussing the structure 

and tectonic features of Punjab—Himachal Pradesh Tertiary 

r©ntr?nt s i4th the pattern of seismicity of the region, 

concluded that Satlita thrust was possibly the r'ost likely 

tectonic ferture involved in the origin of the Kangra shocks. 

$.P• Jalote (1962) undertook investigations relating 

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

region, established subrecent and recent movements along the 



Satlita thrust in the vicinity of dam site • 

F.aina (1963) , ddealins; with the correlation problems 

of Simla Hills has correlated the Mandhalis with Blainis2 

rather than recopnisin~ :' he exist ance of two d ifferFnt boulder 

beds of widely different ages. He further mentioned that the 

Jaunsar--Sirlmla Slate junction is a thrust plane. 

Ahmad (11,63 9a) 9  dealing: with the age and correlation 

of the glacial c?er.osits of the Hir'alay'n region has correlated 

the Blaini Boulder Bed with Talchir Boulder bed of the Peninsula 

and has recognised four distinct periods of refrigeration in 

Himalayas. 

A,hrnad (1963, b) while discussing the epioro©enic 

activity in the Himalayan re-FAon , has drawn attention to a 

nurnber of petho' river tern -ces which are often not even mildly 

tilted. He considered that their ray h,av€ been formed by a 

vertical uplift that 7d ght hive been going on since the 

Pleistocene period. Hr scid that there are also distinct 

evidence of strong; orogenic activity in the region and believed 

that both could coexist. 

Hukku and Jkhtar (1963) described the structure and 

tectonics of the Irrol thrust in :he vicinity of he Suntd crna r 

Sutle tunne , andi  'bscrved sone h': fp1t and drag 

folds it the overthrust :r..' u.-,'r -.-,thrust sheets 9 indicative 

of folded thrust sheets. 
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Raju (1963) indicated the heavy mineral character°- 

istics of the tertiary formations lying between Jammu and 

Western Nepal• He observed that the S bathu and Dharamsala 

are characterised by simple mineral assemblage consisting of 

tourmation garnet 9 zircon with occasional epidote and flooding 

of barite in certain horizons. The Lower Siwalik sequence is 

characterised by the incoming of Staurolite and epidote 9 which 

are persistant throughout. Addition of kyanite to the above 

assemblage marks the Middle Siwalik suite. Upper 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 upper reaches of Bhagirathi~-Tons area he observed 

Deoban limestone occurring in normal stratigraphic contact with 

Simla slates. He believed that there were five cycles of 

sedimentation in the Krols. 

Wadia and West (1964) gave an account of structure 

of Simla Garhwal area. They considered Dun gravels of east of 

G ,nges as of Pleistocene age where Palaeozoic and Mesozoic 

rocks directly abut against them. Regarding the orogenic 

movements in the region, they conc]udedd 

"There were more than one period of orogeny •e The 

earliest is pre--Eocene, as Subathu sediments are found 

resting unconforma',ly on the strata of Palaeozoic and mesozoic 
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ages in different areas in this region. A large scale 

post—subathu movement resulted in the translation of 

sheets of rocks southwards along loTrangle thrusts in a 

series of nappes , possibly with abuneant intrusions of 

granites in the root zone. This movement cannot be precisely 

dated but it is likely to have taken place at the beginning 

of lower Siwalik (Middle Miocene) -times,  when a significant 

change in the nature of deposition in the tertiary belt took 

place 9 the main source area being the lower Himalayas. The 

folding of the thrust sheets probably took place at the end 

of Middle Siwalik (Upper A"iocene) times,  iving rise to a 

change in deposition from arkoses to conglomerates containing 

Krol Belt pebbles in the foot hills trough. The latter was 

affected by the fnal erogenic activity at the end of Upper 

Siwalik (Lower Pleistocene) times 9 and folded and faulted into 

the structures seen at the present t'--e . The nappe belt moved 

further southward at this time 9 coming to rest directly 

against Siwalik sediments in places • Subsequent movement has 

been largely of a vertical nature due presumably to isostatic 

and oustatic adjustments." 

Gansser (1964) while discus:'ine the Krol~-Tal 

Succession, has observed that the Krol Series is divisible 

into five distinct members viz. Krol A, B 9 C 9 D and E. 

Rcga.rdins: the 9laini boulder beds 9 he agrees with the view 

that they should he correlated 1,1ith the Talchir boulder beds 

and their tillite aspect is undisnud. ;.bout the Itrol—Tal 

rel ationsh p he has observed ' 11fter the deposition of 
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calcareous 1 rol Section, a stri?kinC chance in deposition 

took -)lace , and the : oun cr beds consist exclusively of 

detrital, :ostly qua tzitic rocks .......thr7e can be 

little doubt about their rorr,al stratirranhical contact 

with the underlying li°~estones. These detrital sedirents 

have been called the Tats , e e e e e • .." ne8lin with the krol 

thrust , he has observed, " 'Tone of the krolthrusts has 

actua?.ly been forced through large recumbent folds ....we 

actually have to deal with proper thrust sheets and not 

recumbant nanpes" . 
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GEOLOGIC.'_L SET—UP IN THE, GIV7' T pp' t. 

The area forms a hart of the main_ 1 rol belt 

cor.iprisi-' of Taunsalai'n.i-° _roJ-•TaJ s rucnce 9 folded 

in the form of a Tia or sy_lc .i_ne 9 whosr- axis trends NW 'SF 

a?)nroxirlately. The Krol Tarne is thrusted over the 

Sizwaliks in the south with andhalis and Chandrurs ovex 

lying them. The thrust is dipping, bet';reen 28° to 35° in a 

direction :? 40 - to due E (discussed in Chapter IV) • 

The age correlations given in thF table have been 

taken from earlier work, considering the 3laini boulder 

be to be the equivalent of Talchir bout_-'er bed, This 

marker horizon has been recognised by Gansser (1964) as 

well ) and the earlier correlation by V.T. Boileau nuoted 

by Krishnan and Swaminath (1959) ; has not been included, 

On the basis of the field anc' laboratory investi°-

gations , structural rel~.tionshins of the various format-

ions 9 anc' based on the earlier i,ror'_- y the geological 

succession has been iepared and is given on the next 

page e 
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..r, e Corrcl?.tion 	.a our _'.rcr. 	 .nilroximatc 
thicknesses 
(in. feet) 

Rccont Rcccnt gravels -- 

Up cr pleistocene Dun f- r.vcls . ~- 

Middle 	Sandstone _Loose 
Mio—pliocenc S JT,,►alik etwa1iks 'end c1 yshalc s 

System Lo~ltcr 	—Sandstones and Middle Miocene. Siwaliks .claY7 shales 

Krol D Limestone and shale: 
and E 

I UppCI- cryst-JIinc 
o Krol C 	limostone 	 1000 

Ca.rbonifcrous 	.2 	lLowciCalcarcous slltonb 
shales 

HIKro1 B I Purn 10 shales. 	 500 

~'Krol ̂  Limestone and slaty—shalcs  850 

Upper Dlaini Infrn, Kro]. s 51p trShalc s 	700 
100 Carboni f crows Scric s L1aini boulder b-d 

Devonian PTaf;that 	sta Lc— uartzit . 	1500 
Jaunsar 

Loy rcr Palaeozoic Seric s Chandnur st 	c--Phyl lit - . 
and r. rc- cambrian  Ma.ndhali st?,;'c^Quartzite • -°° 

The above. mentioned sequence is represented in the 

area invcstigatod)by the follo~oini 

1 •Mandhali Stale: Ma ndhaii sta[;c is thrusted over the 

Siwaliks in trc Bhitarli river section. Litholoç ically it is 

represented dominantly by palc ; rccnish fine 4°raincd 

quartzites ^nd argillit, s. Latcra ~.iy 9 it .ra.dcs into Chp.ndnur 

nh yllite. which arc seen wcl ]. ex,,noscd in the Kiarkuli River 
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section-. 

2. Chandpur Stage: The Chandpur stage is chnractcrisod 

by the presence of thin bands of phyllitcs associated with 

quartzite. They are thrusted over the Siwaliks from the 

Kiarku J section cast—wards. The phyllitcs id associ^ted 

quartzites show ruckc.rinr and crinkles. 

3. N gthat stare: Chandpur stgc is overlain by Nagthat 

stare in the area without any evidence of unconformity or 

thrust. The Nagthat s arc mostly „ale r,rconish and light 

urrlc coloured quartzites with subor.cU.nata slat yk°shalcs 

(seen in the B^.ldi Nadi section). They contain lenses of 

conglomor^tcs comprisin; of pebbles of vein quartz, 

qunrtzitcsy purple and grccn slates and phy)lltos. 

4. Bl,rtini Serics: The Piarth^t stage is ovorlain by Blaini 

series which consists of Blaini boulder bed and Infrakrol 

slates. 

(a) Blaini Boulder bcd- This forms the marker borizon 

for the strati::raphy of the rc- ion . It comprises 

of very diverse , ssoci,tions of rock types . There 

is no typical devclormcnt since no two exposures 

aCroc in character. The ty'ical boulder bcd dies 

out laterally and sometimes slatos'which arc 

litholo(:ically identical to the Infrakrol slatcs~-

ovcrly the Nagths is . In the -rc a 9 the Blaini 

boulder bed -inchc s out laterally at a num'cr 

of places (c .:' . in Bhitarli F:ivcr section and 
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nc^.r the Toll on the Mussooric road whore the 

Infra Krols directly overlie the r.a;;that s . 

(b) Infra Krols— Infra Krols—ovcrlyin : the Blnini 
boulder bed—arc dark slaty--sh- lc s interboddcd 

with vcry thin bands of cuartzitc. They arc 

traversed by numerous veins of quartz and c^lcitc 

crissTcrossin- each other. The domincnt veins 

fol,ow the foli.tion. Pcin,r: rather i.nccr.TTctcnt 

rocks they have bccn folded and faulted. 

5• Krol Series: The Krol scrips overlies the Infra—krols 

conformably and has boon divided into four stages, namelye-
the Krol •1•,  Krol B, Krol C and Krol D and E in the ascending 

order. Krol h 9 B and C are distinctive lithologic units but 

for Krol D and E no satisfactory field distinction is possible. 

(a) Krol :. St ^.i:c— They vcrlie the Infrakrcls and are 

thinly bedded limestone and slatyrshJcs • The bands 

vary in thickness from 1 to 4 inches. The limestone 

is domincnt and slaty~-shalcs arc subordinate' The 

sl^ty~-sh<alcs arc jointed and ' rrverttect by veins 

of calcite. They assume various Patterns c •C .scu-trc , 

rhomhohcdral -nd rectangular (Plate Sro.18 Photo No .2 ) . 

They are universally ,~rescnt in the area but arc 

best dcvclocd above the Jud villa, -,c near Rya jT ur • 

(b) Krol'3 stage— This st rpro consists of 'variegated 

shales of ruri le and grocn colour which arc quite 
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uniform in their distribution. The shales are 

closely jointed ^ne sheared, rcndorinr it difficult 

to obtain ; ro, cr hand specimen. The clewed faces 

sh''w irrc; ulnr rtt rns . 

(c)  Krol C st-;  c—  It - vcrlics the I(rcl n purple sh lcs 

mnd c'ni rises of dark blue c^l-urcd crystollinc 

limcst-no which F;ivcs sulphurous smell -n striking. 

It nvcrlies n. bed rf ca lcarc'us siltst^nc and black 

shales which vary in thickncss fr-ri 50 to 100 feet. 

It has been manned as a separate r-ck unit within 

Kr,l C, as it is undorlyin5 the massive crystalline 

limestono in the entire area. 

There arc Erad^ti^m of  c,'l,ur and chcmicai. quality 

of limestones laterally fr m S^hastradharr..whcre it is dark 

and cryst a llinc t' Bhit.arli°whore it is light grey Inc? whit c . 

It is a very hi(;h grade limcst-'nc ',ut the c nccnatc c' ntent 

slightly docrcascs towards Saha.str^dha.r^. In the riro^. 9  a marble 

band oxtc nds frrn Ris; ^na E:.o in the cast t -  Kiarkuli and 

further west -Is ,  . P,ckct s -,f d-l-i:itic lime st -nc , -c cur within 

the crystalline limcst no, sh-winf; colitc structure. 

Thcro is a sporadic  -ccurrcncc f G,alcna in ass'ci^.tion 

with the white d^1^mitic limcst "no. The Clone, occurs as 

fillinCs 'nd n• c nsistcnt bed is knrwn. It is found fr m -no 

-f the lincst ,nc quarries nc "r Ra j; ur 



5. Krc1 D. and E: There is n' s-tisf-ct -ry field distinc--

tin i~nssiblc ')ctwccn tr c Kr -1 D ^nc1 Kr- l r in the arc^ ^nd 

they hr,vc been r.cy cd t 'cthcr r,s nc unit 4Thk~y c r_r,risc f 

^ltcrn,-ti-ns •^f sh^lcs and silicc-us lir_icst n:,s with the 

d'nin.nec -f the latter. The sh^le beds crn n- t be tr^.ccd 

lr.tcrnlly fcr 1'n distrncc rnd usually z re in - the liver° 

st -ne fr,cics. In the ?-resent ,rc ^ this is f - unc' further 

upstrc~m rf S~h<rsr^dhr,r^ in the T3r.ldi Nr i Sccti^n ter t^ 

Cha r~sr.ri villr' c . 

Gyr sum ccurs ,,.s veins -,nr7 fr^.cturc fillin;°s within 

Kra 1 D L-nd E limcst-no rt Mr jhcr2. where it is currri.cd . 

6. SiWaliks - The Siw r.liks 9 which ^rc thrusted ^vcr by the 

Chrndpurs -nd M^nc?h<alis 9 -r•c nrinly arnd st no -n'1 clay— 

shales altcrn^ti-ns. The 1Jwcr Siw-lik is li'rc 	cr:ict 	send 

st - no with sub rein^tc c1^,y -~sh 	les 	s seen un.cr the brids•e 

^vcr K-1-d ^n the c'ivcrsi --n 	.frr Muss~^ric, while 

mi/"c.1c $i-vw^.liks c.rc l se s-.n(I ]: " ck with d 1"tiTlent ' l y` ehIC.S • 

The s^nd r,-cks r,ccrsi n;tlly c nt^,in r unc'cd ; c''.lrs f 

qur rtzit c ^f vr.ryini, size ?hut ^rc c ' nfincc t^ ^ fear h^riz-ns 

-'nly, 

7 a Dun Gr~vcl -- The dun rr^.vcls qrc widespre^,d in the rrc^ 

,nr' iontly sl~ ~c taw^rd.s s'uth. Thcsc {'.cresits have been subs- 

equently cut u; by strc, ns which cx;'^sc 	d sectir•ns • Lt 

1^ccs oven 200 feet vertical frtccs arc ex,--scc? in the strc^n 

cuttinCs. Fr - rl the study -f these strc ^.n cuttin. 's it h' s rccn 

"hscrvcd th..t , Dun ;'r-.vcls h-.vc . F'rc r,t v-ri^tirn in size, 



shape nd lithoJ.ogical constituents at various stages. 

They contain ;pebbles anc' boulders w'-.ich ale rostly subr-, 

angular to subrounded. They are r a my r'ac'e Ur of quartzit c s 

slates p limestones and phyllites. In lower ,art these are 

well cemented while i:a the uer they are loose. 

8. ~,s,e . Gravel' Occasionally the Dun gravels are Over-

lain by about 50 feet or more thick recent grovel and terrace 

deposits which aye somewhat different in nature than the Dun 

gravels. There is one ty)ical isolated outcrop of gravel 

deposit resting; on Chandnur ne--,r• Ambica Devi Te r l.e (i a nur' 

Unlike the horizontality of other similar gravels, it shows 

tilting towards south—west. They show different composition 

and gracing at different n1ac • Three different exposures 

were thus studied around .aip''r as )er rlet ils riven below. 

Their locations have been givei in Plate ', To •3. 

(a) E nosure "To. X2-- In the TJspana nadi Section 
S—E of !,mbica ddevj tem-, le,Ru ''ur ,, 

(b) Exposure No. X3— 300 yaids S of exposure 'To .f 2 . 

(c) 'xrosure 1To.X 	the Jud vizlage. 

(a) ^xposure "..To. 	In the :.ispana . di Section 

an isolated triangular --shaped gravel terrace, which is 

resting on Chandpur, is seen. At the base of the deposit 

there is a 10 feat thick yellow clay layer which rests on 

crushed and powdery Chardnur phyl- it es . The deposit shows 

very well marked layering of clay and pebble bands. The 

terrace shows tilting towrrc's S-'. (Plate "`o.20 Photo r'o.2) 



The 'c1c lincntin is 35`' in -. ~'irccti^n S 60 T,r. 

This ::r-vcl c: sit is quite l iffcr:.nt t- the Dun 
r^vcls . It c nt^.ins clry intcrcc'.c'cr'. with unccricntcr'_  

unlike Dun "r-.vc is which c'.- n --t c -nt"in my "cfinitc cl, y 

1^.ycrs. It . iffcrs in trc e crrcc f 	 ccr'.nt -ti^n 
fr-n the ^.c' jninin Dun r-vc.ls'nnly 10 ft • ^w-y °"  which occur 

~t i rrctic^lly the srinc cicv-.tirn. On the '-)nsis -f ficic'. 

rcl ti-nshi�  it is f clt tr-,t th is :'r'?vcl '"1c: sit is -- ,-ssi',ly 
ynunrcr thin the Dun t;r-.vcls 'n-' hr- s ',r cn tcnt^.tivcly ^ssi+°nc~'. 

Rcccrt aCc• 

(') Ex'-'^sure TI 	; This ;r- r-.vcl t..rr^cc cr"r,-rising 
cf ',^ul-Ic is ^f qu',rt zitc s , sl-.t, s r' V 1i7c st . ncs is ri. '.rly 

n.t ^: hciht .f ~' - ut 15 t , 20 feet ft :-. t?h::. n; -.r',y river ',cc'. 

lcvc]. ^f th. Ris : p,nr r ^ , Hi r:hly crushed ^nc' - ,wc'c. ry Ch^ne:,ur 

phyllitcs r.rc ' s .rvcc? restin ; v, r thTsc . Tr.` c nt~.ct bctwccn 

the two is sh^r,, gin'' r?ips 301 in . c'.irccti -, n N 40 P. 

(c) Fx;- sure; 	• X4: The cx• -)suurc. -)ccurs n th rirrht 

br,nk rf th.- strc-rl cuttin;' nc-.r Juc' vi11^f . ► Tlcrc the tccrr^cc 

rrr.vcls c-ri -'risin;r: ^f ' • ul,'crs f qurrtzitr. y sl^.tc s ^nr' uric-' 

st nc r.rc '- sr rvc c'_ rc st ing unc' c r th . Ch^.nc': ur ,1hyllitc which 

^.rc crushed. (P1^tc 	'.22 ) . The c * nt^ct 	twccn thr ter' is 

'istinct rn' i's 20" in 	r'irccti n T' 60`' E. The tcrrrcc is 

fun'' r.t .n hirhcr cicv-ti, 'n thin th, tcrr^,cc f cx-, sure 

,' T .• 

 

X. The tcrr-.cc 'c; csit is uncrlr.in '-y -'n thcr r'c-- sit 
which is well s,rtcc ^n,' c -,-'-rise- s -f sr'~.1J flikos -f 

hyllitcs -.n,'. s1^tcs -n).y, ^n' is thus •,uitc 'istinctivc. 



Thcy ^.rc h riz ntr1iy 'x  k' "p" h~sv- -,r-ctico.11y n~ 

tcnsilc strcn.th. This 'cT-sit is un-'cr1^in '-y the Dun 
:•r-vcls (P1,-•.tc T . 5 	) h-,vir_, th . usu^.1 chr r"ctcr 

f'cscri'+c 	r1 r. 



CHLLPT^F III 

L I T II 0 L 0 G Y 

1. M.'.r7DHLLI 3T ,GE 

*4U~.r.TZITn (J/53) — Thc,y -rc finc t 	:c 'iu : r~.incr' pale 
Greenish col'muto-'. silicerus quartzites which appc.r t^ h.ve 

been subjcctcc'. t- crushint, rn- brcnk c^sily. 

On r:icrc'sconic cxrrinati-n it sh-,ws c'nranencc of 
quartz which exhibits unc1u1^ sc ext inct i^n . Orthoc lr sc 9 albit e 
n{' tnurrlrlinc rrc the 'thcr c-nstituents present in r,innr 

quantities ? in the cr'er t,f -,bun'^,ncc . Th qu^rtz r'rins ),rc 
ccrcntecl, tcrrothcr by very fine qur.rtz , se:ricitc ^n' chl-rite 
'rains . 

2 CH:I'DPTIU ST 'G^ 

PHYLLIT1 (J/8, 373, J/5, J/6)— In h-.n". snccir_°cn , the 

phyllitcs sh-,w typical satiny nppc^,r-.ncc ,n.' scar. t- pre 1f-° 
rinate over the thin intcrc^.l~.toc quartzite bnnr's . %.t pl'ccs , 
h 'wcvc r 9 the pure qu,,,rtzitc b.,n-'s -,rc cvcn 7 t - 8 cr•s . thick. 

The phyllitcs sh -w ir.:pLrfcct f~ li-.ti' n, r,n' puckcrin - is 
c'r n . 

On r,icr-'scopic cxar-.inati-'n 9 the quartzite b-,nY's appc^r 

t - be in excess -f phyllitc bin's. Thosc han's sh"w cic^r 
f!li^ti,n. Frur thin brn's .f duartzit~s were rcc-Cniscc'. in 



the sli I.e . 

The nurtrtzitc b'-n'.s c nsist -.^inly -f r-c= iur, y r - un- er' 
,- r_ins -f ru'rtz twhich s~vvz.T unulsc c.xtincti'n. The nhyllitc 
b^.n's sh-w prcfcrrc-' ',ricnt^.ti n f : inor^ls with chl rite 
^nc'. ass'eitcd scricito lyin_; in p-.r-llcl fl'kcs . The texture 
is fine Ercincr'. th'u-h the 	'r ins r.re i'.cntific~ble.. 

;,xi interc stingy c^sc 	f ^ qu-.rtz vein (J/55) 9 p"r^11ol 
t- the fcli-ti -'n was stu'.ic,' . It sh^wcr ovclrnrcnt -)f 
chl- rite ^n:' si'critc at the e 'nt r.ct with phyllitc. The 
n-,rf,ins cf chl rite -n'' quartz shy w c-rru;tins—in"icntive 
r'f the pr-.ssiblo rcpl',cor'cnt - f chl ,ritc by 'quartz. 

3. P? GTH _' T 3T .GL 

a) OU[, TZIT  (Mc''.iur ;r?inc') (J/20 9 J/61) 
The quartzite is pale purple mn' z'rccn c - laure,'_ 

t raversc,' by ryuartz veins. It is fine ; mine c nsist in;: 
ciccrl.incntly - f nuartz . The c 1 ,ur is ''uc t the presence - f 
ohl rite. 

Unr'.or icrsc , po , these sh w rencr^lly equi ,ranular, 
gran bl^stic texture. The grains arc sub-n;'ula,r t - subr-un,'.c,' 
sh- wing ;; 'c'. intcrl:'ckin~•. 'f rains. They i,,cncr^lly ran- c in 

size fr - rr 0.1 t - 0.2 rir.. M^st -f the quartz crams sh^w unc'ul, se 
cxt inct i -n . :.t scr..e pl-.cc s they are ccr,.cntc' by fine r r^.ine. 

chlr9rito an- sericitc. ,; few crams - f plari - cl~sc (albitc), 

p. t^sh--folsprtr ^n' t - urr-.^.line arc ^1s present in r.in - r 
quantities. 
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b) OI'1THO0U,jTZITT (Crarsc rr^inrc'_) (J/15, J/631. 

Those arc „ritty,  9 rthrquartzitcs f purplc an' r'rcy 

c' l- ur. They c nsist rl -rincntly rf quartz ^n' the ccrcntinc 

r,atcri^l is als - quartz. it pl^.ccs , h- wcvcr,  p ir - n 'xiIc 

is the ccr-entinr, r•.:aterial. On the surf-.cc it is fria.blc , 

th•. uh the c 're is very c - rr.p^ct an' si lice-us . There ore 

a nur:bcr - f veins •-f calcite ^.n'' quartz. 

Un-'.er r-icresc pa , they arc equi,,ranular,  9 ranCinr in 

size fr: r, 0.5 :--r,. t - 2 i'r.  . The fr^.c:r,.cnts arc anular t^ 

subrcun,'.cc..• Intcrlr ckin 	f quartz s- rains is p.- :cr an-'. ccr~.ent 

is inv^ri^bly present. The main r°ineral c'-nstitucnt is 

wuartz thr u ,h vla,;i^class (albitc) an" '.ctrit al calcite 

grains arc ^.ls present in sr-a.ilcr quantities. quartz s':h'ws 

un:'.ul! sc cxt inct i,- n . The cc:::ent , which is cxt ror:c ly fine 

grainer'. is b-th calcite ^nv'. quartz. Chl - rite an scricito 

are als" present in r inrr ar..-unts as cer-cntin;' r 7tcri^l. Pyritc 

is fun'. in the intcrcr^nular spaces ^n' a.ls ' as separate 

r;rnins . 

C) COYGLOM r:T (j--59) 

The c n;:l ,r'crate sh-ws r• unr'c-'. pebbles ant'. , ravels 
r^nrinc in size fr - r appr-xir'rtely 2 r,r-. t -' 3 cr. The pebbles 

arc th'-sc - f ; u^rtzitcs , vein 'uartz an lir-cst  nc . The slate 

an 	phyllito f r^.j:v cnt s arc flaky. 

In r- icr - sc°pc : 	it part f the carr;nl-aerate 	(J/59) was 

stu".io .. which sh'ws the presence f actrital quartz ^n" calcite 



3. 

r^ins ^n-'. r'ct rr'rphic r -ck fr".,:r'cnts. ,, nur~bcr • f c -litcs 
were rls - bscrve~ rss- ci-tc-'. with . calcito vein. M^st 'f 
the quartz „rains sh-,w un'.u1 °sc oxtincti-n. T'.^c f•r^ins cz'o 
ccrcntc'_ t - ,:cthcr by calcite. In the c litcs p `ctrit it 

r uzrtz usually 	 r lly occu ~s nucleus. (PJ. 	Photo ^'o.19~ noto . T0 w2) 

4. '3L.:IPNI 3OULDr. '':D 

COITGLOM7L,T*Z (J/24, J/69 9 J/68)- 	ul'.cr c n.;1ccr,cr^.tc is 
liht t 	'~rl :rcy c ,1- urc 9 c nsistin, f subr- un'.c"' ^nr'. 
r-unAcr'. pcbblcs in hctr [cnc ,us r'-trix - f v-.rj. us sizes, The 
r ^trix is cl-yoy an' „ritt~T with cG lc^rc- us cLr'cnt • The 
brul-'or c n 1. i_:orite is s r,ctir:cs she^r•cr' 9 in which case the 

becoi 
pobblosLf1.ttcne -.'.. Striati: n n the pcbblcs w^s sel'.':''. soc.n. 

The pobblos arc :;cnr'tlly - f thr f -ll-, winr, r - ck types: 

Dark slates , ;-,rccnish qur:rtzitos , p-ilc. -ur.rtzitLs , 
vein quartz rtn' linc st n; . 

Misr sc- pic stu•'ic s -f p^.rts f the :: 'ul°cr ccn;'l--- 

rier~tc were 	- '.c in ^. nur- br r f thin sccti ns, Tile pobblos 

-n -" :r-srcls in the sc ^rc subr - un.'o' t r -un'c' ^n' arc sot in 

fine r^inc ' cl-.ycy .n' c^rb'n^tc " ^trix. 

It c - :)ris..s f pcbblcs f c, urtrtzitcs, phyl]itcs ^nr'. 

;u'rtz in the - r''.cr - f ':btn'^ncc, In .''iti_-n t tbc,s< 9 c .lcite g 
f- lsp^.rs gin,' bi 'titc arc a ls- f un" 	cc n,',ry scricito 'ccurs 
in 1-t:-is. 	-c pyrite specks were ^.1s fun-' in s11 
iu"ntitics. 

5. r'r:.... 	̀  LOL "T.'.G:: 
CL TY -_.' L_T_'"~ (JC71_? 

These ^.rc ''<ark c 1 ,ure'. thinly 1^ in—,tc•'. sh .lcs , 
which sb v i p<crfcct '.cvc1-,pr-ont f si^.ty cli.^.v.- e y ^s -1 result 
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rf which they tcn', t- split easily J1-n' the f li^ti^n. 

Cl-ity sh lcs.on rnicr- sc-pic stu('.icsc -,nsists -f 
r:ixturc 'f scricitc ^.n'. . u^rtz cccurrin,': ^.s very finc ; r^ins t 
S-r•.c it n 'xi,..c in^ pyrite is ^ls - seen, tai - u, h in vw ry sr ll 
qu ntiti:.s. Thcrc is 	c^.Icitc vein which is bent -n -' br ,ken 
'uc perhaps t the sI c nc'-ry strc sscs . The criss- cr ss p~ttcrn 
seen in h^,n'. spccir:cn is n ,t cicirly •-bscrvc,' in thin_ sccti"ns 

6• KilOL-.. cT'GT': 

a) LIM'TSTON  (3737, J/38) It is C rcyish br^wn c:lrurc' y 
nassivc an,' vcry fine 5, rrin_cr' lir'ost nc which effcrvcsc,. s with 
'ifficulty 'uc perhaps t- the 	hit.,hcr r'.^1- ritic c^ntcnt . 

b) S ;.T_ Y  /38)_ It is brc wnish bl-~ck thinly lanin.~tc-' 
sh^lx sly win;; sl-.tj' c1c^v,i4'c transf ,rrninr into pCflCil-cltCgt 
It ,rives sl^w cffc rvoscc•ncc 'uc t the sr - l1 qu-ntity ^f 
carbmnatc pres. nt . 

On r•icrrscrpic cxnr-in^ti - r, it sh ws -t r^ixturc f 
very fine t r^inc''_ scricite quartz rn' c^lcitc. Ir-n -xi'c 
is f , un' in sn-,.-1i 'uantitics. 

7. OL TGLi 

V ITl?Gm' gTT ;L^S • 

They arc purple ,.n' -rccn c, l urcr' shales with 
clesoly spc.cc-'. f.li^.ti , n an ^ net w~rk -f 1^intinz,. They arc 
very soft ^n' crunblc asily . They arc very finc raincr' ^n,' n 

r'inc r ^1s Qc u1r'. be rc c r"ni scc" in han~'. spc ci~'on . In view 'f the it 
ch^.r^.ctcristic c -1-'ur,  9 h,,wcvcr,  9 they arc c^.sily identifiable. 

x;3929 
f 4 LSR,4RY unwERSITY a : 

ROOWEE 



8 , Kr OL C ST..G&J 

a) LIMEZTC T LT/4l, J/93) . 

It is vainly bluish -•rcy finely cryst ^,llinc lire-- 
st no which ,,;ivc s suphurr'us sr.cll ^n striking. The rrcyish 

white v^ricty rescrblcs the typical bluish . rcy lir.cst',nc. 
The fr^aturc surfn,co -'f b,- th is subs nch' i'r:1: 

The ;,;royi sh white c l ure lir-c st -nc was st u' ie 1. 

un'.cr r-icr~sc pc. It sh'- tars '^rrincnt cryst-illine c~lcitc but 

s 'r:c n^litcs wcrc ails: sccn , The nucls . f the ^clit c s r rc 
"cncr^lly i ,l r itc , cnlcitc ^,n'. si'.crite ° The ,rlitic rips 

f rc r<a''.c up ^f fine ;; r-incr.'. calcite. This -'litic structure 

is chary ctcristiO -.f rcyish white lir,.c st-nc -- nly. . 

b)  

Those ^.rc fine r;r-inc.'. crystalline lire st .nc -f 

of white c l ,ur sh win; typical snchhar i 1 a1 texture . They 

arc highly j into'. ^n'. the j ints me vc ry clrscly sp^cc' , 

ft cn seen even in hr n A spc cirrens . 

c) C 	CIUS ciLT Tr)TT" e 

They arc fino Er^inc' silt st ncs rivin,,. cffcrvcscncc 

with "11 Hcl. .t places they ,.rc extrcn-,.ely rich in carb-natc . 

Un'cr nicr^sc^pc y it sh"ws thinly ban,'.cr ch-,ractcr a 

They -,rc fine :r^i•ic'. ^n' lr-ins are cquirrnnul^.r sh'wine 

bcttc r s• rtin , . They c , nsist ,f finely crystalline calcite 

^n' ^. nixture 'f silt an' clay with "issor'in-tcl it n xi'.e ° 

.t places, s 'c chlmritic rratcri^.1 is sccn. 



9 . KLOL D .STD E ST AGE (J/49) ;  

It co.•prises of alternating bei'.s of shale ant 

lir.estones which often inte.r;rr.'e into one another. A specimen 

of thinly be.Ir?ec shale an' limestone was chosen for stur''y. 

SFI. LE :TD LIM 'ST OrTD_ 

There are alternatinr b^n'.s of shales an lir,.Estone 
ranLin„ between 5 nr to 1 cr in thickness • The shales are 

r'.i.rk coloure I. , while the li -estone is r,reyish. 'loth are very 
fine Crninec an lir°estone tens to he r-r ssive. 

On nicroscopic exa.r'in^tion it shows even closer 

banr.int' ,about I nn, of sh-les -n' liestone . The lir,estone 

ban'. show fine ;r^inec calcite '.isser:in^te' in it . The shale 

b^n'.s are very fine ['r^inec' an co:'prise essentially of clay. 

10. SIWALIKS 

Siw^liks in the area invests ate' are roprosentor! 

by san"stone (friable an coy- -pact) interbe'-'o'. with thin clayy 

shales belonrin;• to the lower an r•i/'.lo Siwaliks. A# attempt 

has been -.-'c to 'istinruish the lower ant-'. rile Siwalik s^nr~ 

stones on the b-sis of heavy r -inoral analysis. 

The lower Siw'lik san'.stonos,which are rcnerally r?ore 

co'- pa.ct , arc known.to be charactcriscr'. by the presence of 

st.,urolitc an opi?ote which is persist^nt throughout and tho 

r.,''ition of kyanitc r-^rks the. .--i,"Jc. Siwalik (rya ju 1963) . The 

ri'ha Siwaliks arc r°oro fri,ablc ant' clay-•sh^.lo b,n,'s arc 

nurc rows • 



The '-.trt of he-vy :-incr-.l ^nhlysis for three chosen 
spocir'ens of san".stones is ttbulatc' below: 

No Spccinon Locality ?rat . rlc~vy _ .incral frequencies No• 
of 

GK T E 	S Zr 	Ch 	L hcav 
-ic s 

it J/104 Nc-'r the bri 
-•"' r -e 	on 	' ivc 0 4 AA C °rsion roar' 
K. 1aga,'. 
section. 

2.  J/102 200 yar's 
fror. the Kal 1.10 M gA C rr 	R C 	A 	CC 
-ag nd bri ro 
near Ai bica 
Devi Tonilo 

3.  J/48 1/2 a r•i lc 
NW, of Punk- 
ul vi 1l~ Lc 1.8 fJ J 	,r, C 	I'► r, 	cc 	C 
in the Kiar" 
kuli section 

Index: It 	G= Garnet , K=kyanitc , T = Tourr .linc 9 E=Epi'otc , 
S=staurolitc y Zr = Zircon, Ch=Chlorite , L=Leucoxcne 

II. 	AA=::bun ant , L = Fairly ^bun ' ant ,CC =~Tc ry c or,r,on , 
C=Conr-on 9 I,F,=i,^,rc 9 r. _ T ry r-.ro . 

Fro-' the forcroinr tn.blc 9 it vToulf' arpc~r that 

spccir,.cn no. J/104 collccto- nc ,r the bri'f•c on the -'ivcrsion 

roa.' is ch^.ractcrisc''. by the absence of kyr.nitc an will thus be 
part of lower Silr-lik o The other her nincrals present support 
it further. Spcciron No.J/102 	' J/48 collcctc-'. fror Kalnral' 

section nc ^r the bri-'c closc to J.-bica Dcvi Tc,-°plc an' fror 

Ki^rkuli river section, arc char-ctcriso by the presence of 

abun'ant kyanitc in-'icat±vo of Mi'"lc Siw~.lik. The other h - avy 



in:rals also lcn' su",--port to this. 

Thcsc cvi'cncc furth, r corrobor-tc the 	' s,ocirrcn 

stu'ics r' -'c c'r].i- r. 

11.0°T GiT 

Dun ''ravcl is r,^,inly :-- ~".e up of the boul''crs ^n,'. 

pebbles of quartzitc 9 slate, 7irestonc <^n,' rhyllitcs. They 

'rc :, ostly sub^nl' ular be subroun-'or'., .n, vary at various 

horizons an' also laterally. -.vcra c size r -.n,'c is fror 211 to 

3" but at places they -.rc as 1p,rr'c as 2 ft • Tc cc--cntin:' 

r.atcrinl in r-ost of the c^.scs is fine r- r-.inc•"°-of s^n' size 

ranr?e_ycllowish in colour an-' calcareous d Gravels also acts 

as cc:--cntinr rratorial. The ccr-cnt is fairly in'ur^tc". 

12. rECEr;T Gfl .vTELS 

The Recent ,'ravels arc quite 'istinctivc fror Pun 

Gravels ^.n' have been stur'ie('. an - isti.n''uis'ryc" at three; 

sections particularly. T'~- cy -, rc. of b- tro 'cnl Ous size_ y shat c 

and co: -- osition 	at 	t,-:csc 'lr.ccs as 1.n'ic -t ' '7clow. 

(a) Exposure "o. X2- The terrace is r,^ ,Ie up 	of 

alternate uncer-enteri layers of 'ravels n.nr' silty n.aterial 

The 'ravel layers cont-in roun,'.er1. to subroun,'er'. pebbles of 

quartzite, slates an- linestono, erbor'f'er' in sanr'y an-' 

uncer--cnto'' ' atrix. The r- xirur size of the ravel is 2" but 

on an aver^.' e they are less than 1/2". 



(b) _Pxnosurc TTo .X~: The r•r^vcl "o osit is urr--
cer^ented in nature. The :"~xir.0 size of pebb1 c s in the 

r^.vel c'.eposit is 2 feet anr' ^vcre size is 9 inches. Thgy 

~re rainly of quartzite 1i.restone an" slates. 

(c) Exposure To. X.-,: The uepor horizon is 
characteriser', by pebbles r.nd'. ;'ravels of quartzite and line- 

stones with raxir"ur size of 1 ft 9 the aver^=e size is 6 

inches. They are not ccmented . The lower horizon contains 

nostly flakes of phyllites ^nr' slates er ber'c'.ed'. in fine r,r -tined 

brownish z teen rn^trix. The naxinur size of these flakes is 

1/2" an' the deposit is well sorted. 



STRUCTUR. :J'TD TFCTO:'ICS OF  THE :'.RE 

1. REGI O' LI  STRUCTUF J 

„s :entioned earlier , . ue.en (1';34) has 'escrib-nd 

the structure of tie Krol belt on the re, ional basis as that 

of two thrust bone. synclines of Krol rocks 9 restti: r on a 

Jaunsar-Sirla slate foun.'ation (Plate ^'o.8) . He attributer' 

the folt'.in; of Icrol an Garhwal Ilanpes as a result of the 

resistance offered by the floor unon T-rhich the :7°.ovencnt was 

effected. 

2.. STRUCTUL OF T I^ !JJ 1. 

In the area inlTostiCater1 in ')-hrar'un-" Tussooric 

re ;ion 9 the Jat':isa .—Krol succession is fol".cr' as a major 

syncline p r',.osc axis tent's F T.i to S—T apnroxi_'atc ..y an(' 

passes through 3ata.' ac (3Oi 27' 9 78" 7') y <<r'-lich tics 

furthar T':' of the area. It is thruster1 over the ri.T^.liks 

cncrall:- an(' at maces even on tI. c run , ravels in the 

southern 'art of Mussooric 5.J1 ran,;, c s • T' .c structural -,.ata 

has brcn plottc:r1 on t... G-colo ical a,p of r.a.j?nur rca. 

(Plate I.To.3) . Thy :Fain structural fcatures arc ~~:scribc(l 

here. 



Thcsc h-tv- fair1 consistcnt v-,ounts an,' r'ircctions 

of 'Up. The arount v., rics fro", 50 to 85 r'c; rccs an the 

ircction is pcisistantly rT 5° T'. The cncral strike of the 

for,.-tion in thr r ntir: r 	is "' 85 '• - S 85 T. 

C3) FOLI ;TI0 : 

Foliation pl^ncs arc oftcn sccn in Chrnr'pur 

phylJitcs ^,n' Infra krol sirty-'sh^lcs • In ohyllit~ s 9 the 

folil..tion pl,7ncs arc v-ry fccbly r' cvclooc ,' n - ^.r t"c thrust 

zonc but ^ro -'istinctly s7cn furthcr rr.y fro-° it (c .~~ .in 

the I jpur arcs ^n' in t. Irirkuli river s, ctions) . The 

'r-ount ^,n' c'ircction of in of foliation coinci"cs ,,!ith the 

be'in4 manes of !' th is ^n'' K- ols . T' foli"tion olj.n(s 

arc fairly closcly s?cc'. T:: 'ip 	nlly 4O in the 

,'iroction of N40T' 'nr' th-1 strike is TT50~~--550. 

The foli-.tion pJ.^nc s of lnfr' Krol slr:ty—sh^.1. s ^,rc 

very clos, ly sn^cr ' . In f ,.ct , ",u"cn (1'~34) hr's r~ '-.rkc th^t 

it is '.ifficult to -'istin.- uis' thcr -s ^ fore- ^tion fror r 

'.istr.nc,l 9 thus r,ist^,1cin; it to b; scree r^.t ri~l . Th- 

Krol .`. sl^tr-sh^1 -s show -.,Irk . ' cic !,v 	often c los - ly 

sp^cc''. but quite "istinctivc fro:" tr: un,' crlyin:, Infra 

Krols 

(C) JOIP'TS: 

The joints arc uitc cor•r.on in rJr ost ^.11 th!- 
rock forr'tions of tl'c ^-rc;. 9 but arc 'cvcloper' well in 
restrictc"'. horizons only. 



The Ch~.n,'i ur phyllit, s r.rc hi; hly joints ' ^.n-' crush, " . 

The joints rrr clr ^,rly s-c;n in Ki^rkuli river s- ction wh- rc 

thrcc 	or sets wrrc notc,' (6C^, 4O?, 58^, S60i.. -n' 42'5O) • 

The ITagthat au:rtzitrs rlsc _nrl<1]y show thr--- scts of 

joints ..The joints are widely spaced (Plate. Fro .18 ;Photo TTp .l), 

Infrr Krol slr.trsh^lcs r. n, Krol B nurrlo sh~lc.s arc so closely 

jointc" that it is difficult cvcn to trkc ^.ny h n' spcci r.cn. 

Thcy show the cxtrcrc c^.sc of. shc,^rinL:. 

Krol :. lirc st one s show f r.irly close lointinr a s su:Min;• 

various patterns (c .s, sou,are an rhor'ohcr'.r,^,1) . The intcr— 

bc'''r'c,' shalcs have thrcc 'orincnt sets of . oints which have 

bccn subs - c:ucntly fillcr' by adlci:#te a It ^?pp-ars that two sets 

of joints arc ol.'cr whilc the thir' is youn„cr.. (Plate. T'o a3 

Photo lo. 2 	) . 

The joints in Krol C lir,.r stony. arc at places closely 

spn:ccr' whilc clscwhcrc it is wi~'cly space,'... Th ^ssoci-,tc,.. 

r.^rblc shows cxtrc:.c fr-'cturin," -.n(' thhc joint o1ancs arc nu,,~rr-

ous ^n- closely sp-.ccr'.. 

(B) FOLDS; 

(i) M_^iox-'a). Jr.uns^r—'31r.ini—Krol Succession. 

.s alrf:a'y - cscribc-' the J^uns^,r°"fll ini•°IYrol Succcssion in the 

area forrs th - southcrn lir,.b of the MMussoorir syncline trcn'in;* 

TT?r'-°ST , cxtcn,'in:, for about 22 - i l s . The syncline s''ows its 

closure nr ^r '3^no1 ar," Clout' '1r (west of Ifussooric totmship) • 

b) riw"liks-' Trr lower an~' •--i','lo 

Siw^liks n.rc intcrprctc as isoclinnllyr fol'c ' :~( ar F:^.;cur, 



its axis trcn= in : } TT, ' h 5i~,rr.l1k sr 'sto^ s '--'vr . -n r^.1 
strikc of 185Th  S85 	^t -.11 nl jc.. s t1 	' i,, by 	ount 
of 80° in t,^. 	'ir- ction i.c . I' 5" I' . 

On the b^sis of 1 '- vy nine r-:1 tnrlyysis , trc Sii- lik 
s- .n-'.stones w rr ' istin;:uishc into loiTc.r .n,' -,i'' -'lc Sitr^liks • 
The lows r Si?r^,1ik forr,s th- core of t1 - ^,nticlinc ^.rou v' 
Suri Devi . The Ni" 'lc Sit'r~.1iks furth r rout '- -r' coy, r- -' by 

Dun t'r^.vcl but ^,rc sccn in the north in the IKi^rkuli scction. 

In view of the fo1'c'-. nnturc of th- Si•^,liks it is rrr,sonn.blc 

to 1- op t' ^t t ;cy n,rc isoclin.r,lly fol"c' in thr ^.rc r, (Plr.tc 

Nos • 3 	4) 

(ii) I inor fo' s-°Puci urine 	rn " sr_^11 sc^1^ 
fol''s rc vc.ry cor,.-,.on in Ch^nr'.pur phyllitcs r'rV -rc seen in 

r.lr-ost ^ll the ron. sections • '"hcy ^.rr ; howrvr.r,  9 b- st s-cn 

c'ovcloper' ncr.r Rr jnur ^t cxnosurc ITo . t,, PNi not fol'.inr of 

co,'p^^tivcly Crc -.tcr ;-' , nitu= c is s c -i in Krol C ^.n:' Krol D 

rnr' ' . In Krol ') ^n-' T; 9 t:^:cy ^.rc 1rc11 sccn in. T^1r'i Pr^/'i 

scction . Trc li,- c~-stonc ^.n' sr':lr s ^rc folr'c' ^.s plan; in 

r.nticlUncs 	synclines (Pl: tc I'o a3) • The plun-cs rrc mostly 

25`' 'uc ' . Thr ^ntic]Jncs an" syncl incs9 both -'.syr ":c tric^l 

^n' syr—ctric^1 types 9 ^,rc seen.- Lt pl^.ccs even 'inor 

isoclin'l fol'in€? is also sccn. 

-) A'_.TTLT S a 

(i) N^. jor T^u1t-- In the ^.r 	one ' -for f^.ult h-s 

b' cn i_ntc rprctr-',. in th 	^1"i ITr v'i s_ ction ^.~  

where Krol :, is conspicuously 'issinr ^n' Yrol 	- ircctly 



rcsts on Infr^ Krols wi ich ^.rc hirhly sh - ^.rce . It is P. 
strikc fr.ult h- -'ink. 65° , rTr with r throw of rorc tr ^n 500 ft • 

Shc^rinC in both the Infr^ Krol slr.ty-sh^.1cs -nc'. the Krol 3 

purple sh, lc s is cic -rly sc cn r.t their cont ^ct . It r r y be 

notcri th ;t the Krol ;. lir:cstonc r.nr' r ssoci-.tcc' s1rty—sh^.17s 

^re persistent throughout thr ^rr^. unr'cr invcstiCrtion ^n' 

no pinching h.-s been obscrvcc' elsewhere, cvcn by c,-rlicr 

workers • Tae lit cr~l extent of the fruit is ^bout one r,ilo 

trcn'.in M257, --S25T7' ,r pproxir~l-.t cly 

(ii) 	i orFajJt 	Minor f^ults arc very eor,r:on 

in the phyllit c s , Infra. Krol 9 Krol !. ^n:' Xrol C ^long- the ro ^.,' 

r.nl'. r:al- cuttint s of the rc^,. Thcy trc of, both the nor. ^1 
is 

r.nr'. r: vcrsc(i type -.n' th-_cir cxtcnt,Lscic'or r,orc th.n 10 fret . 

;, nur:bcr of r:icro f-.ults wcrc rccocniscc'. in the Infrr Krol. 

slrtcs un''er ricroscopc • 

3. KROL THFUST 

.,ur'cn (1934) nrr c,' the Krol Thrust r.n, int'ic'.toc.' 

thrt it cxtcnr'.s below Mussooric. 'Dctwccn '3^.kcn rn,' Ir 1si 

(Pl-.tc To.11) two thrusts have boon rcco^niscr'. n.noly, the 

Krol Thrust—which brings Krol 'Dolt rocks over Sub^thu ^.n'~ 

Drrsh! is ^n'' 1T!,hrn Thrust-'which brings Sbrthu an-' Pj sh,ris 

over the N-.h~ns (Pl"tc PTo.11) . T^st -,n-" South--cast of Knlsi 

the two thrusts rpnc^r to hrvo corlcscc,' to:•cthcr.:_t 

Mussooric the Krol Thrust hh.s brought the rocks of Krol c It 

over t1.c Siwr.liks rnr' rt pl^cr s cvcn ovc r the Pun Gr^vcls('') 



-52_. 

The Krol thrust 1,T^.s rsrnnc-.. in the ^.rc ^. -vwhc rcvc r it 
w^s possible (Plrtc "To,3) • In the r.^.jpur :~r~- -. y it !.pp-^.rs 

that thr Krol thrust h-.s exec ccller'. the unpP r:".ost lir'it of t.ho 
Grc ^t 3ounv'^,ry f-ult (or th.- Y-.h^.n Thrust) 'n' corc ov-r the 

( Plate Rio . ) 
3iwr'liks -.nr' even Dun Gr^vcls ZTWhilc the thrustinr.. of M^.n-h^.1is 

r'n' Chr.n''purs ovcr the .-i''lc Siw^lik is cLcr.r in the. '1hitrrli 

Ki-rkuli river sc ctions rc spcctivcly, the rc is sore 

-oubt of its rc1-tionship in the c^st which is 'iscussc'. 

1^.ter. The ':ncr .l trrn,' of th•- Krcl thrust is 1n"i7~TS1: gin'. -.t 

pl'ccs N— S , P'W—$ , mow trcn,'.s ^rc -1so sccn • 

4 • C?I_'.I?DPUI PHYLLIT Oz'T'F.LYING T:i'' DU "T :YT) rJcTT GF. ,tLS 

.`. ('ct ^.ilcr' inv- stir'-tion w^.s c'rric" out to r sccr-

thin the 1^.tc.r^.l extent of the Krol thrust whcrc it brines the 

Ch~nY'pur phyllit c s ov,- r the Dun ^.n" Rc cent Gr~vc is • The v-.rious 

other possibilities ,.rc ^.lso iscussc,' here . TI.c follovin1 

cvi,'.cnc'cs h,.vr been ^n',lysc-' ^.n" - c nt •,tivc conclusions rrrivcr'. 

rt • Thcsc obscry-tions 'r cor.finc,". to the ^rcr c^st of 

Punkul villr.: c, 9Lrjpur • 

(i) Ch^n'pur phyllites -.rc fount' to occur 

restin^ n.bovc Dun Gra vcl "c- posits. the cont^.ct between then, is 

very sh..rp ^n, ''ips -t -.bout 30- in ^. "ircction ''" (Pl^.tc T-Tos. 

5 ..n- 21 ) . This r'isposition -npc^rs tr hrvc 'cvcicpc-' '.uce 

to the thrustin; of Ch .n-'.puns ov: r the Pun rr^vcls . 

(ii) ?`Tc^.r the thrust the Ch^,n'nur ,.rc hi{'hly 

crusher'. , ^.s ^. result of sihieh thr :'cncr-.l foli^tion in the 



.-53.. 

r -'joining- Chf,nr'nur ?)hyllit c s h- s be c cr•o obscuro .- 

(iii) The intensity of crushin.-, in the Chrn'pur 

phyllitcs 'ocrc ^,sc s ^.s me ' -.nvc s ^,t~r^y fror , the thrust ^n'i 

ultir"^tcly the Ch~n-pur phyllitcs show well 'cvcloper' 

foliations which coirci' cs with the -•cncr^.1 trcn'. in the 
art ^ • 

(iv) In the strc^-'. cuttinv s south c^st of the 

Mussooric Toll ^t Y r jnur (exposure Fc .X ) 9 the crushcc' 

Ch^n,'.pur ^rc ebscrvcr'_ to occur over Dun r, r^vcl r'oposits for 

bout 150 y^.r"s . This <appc^.rs tr be the ninir'.ur, shift of 

Chr.nc pur over the Dun grovels, 'n r.cccnunt of thrustin ; o 

(v) The above r cnti-ncr' ^vcr—thrustint' h~.s been 

observer'. in rlr:cst rll the strr rr- s which flow across the 

thrust whercvcr the Chrnr'purs arc in ccritn-ct with the Dun 

E r^,vcls for a lcnrth ^f but 31 riles c'st ^f' *punkui 
villc 

(vi) The pebbles r-'f Dun rr^-vels sh^w f^. prcfcrreci 

oricntnti.n p'r:-llcl t- the thrust (P1^.te I 	) • ','lscwhcrc 

in Dun .- r~vcls ^n' recent L- rr vcls , there is nr, line^.ticn 

seen ,. 

(vii)Thc presence .f 'hiL,.hly pl-.stic 2 t - 6 inches 

thick clear bpnY's ^l-. n. the thrust seer's t - h'-vc been 'cvclopc,1 

'.uc to the r ovcment ^l n,-, the thrust.. 



r. 

The anomalous occurrence of Chandrurs over 

the Dun gravels hr's been considc red in the foregoing 

to be due to the over-thrusting of the forner over the 

1-.t ter . The various other exnl, nations cou?.d be the 

followlnE , which have bee.. discussed In their relevant 

details. 

i) The rerosi.ti.on of Dl'r rr~.Trels took place 

in the ovre rhun -)ort ion s of •~ i-c Chandpur 

phyllites, 

ii) This could be due to the sliding of Chandpur 

nhy7lites over the Dun r ravels . 

Both the above :- entioned arguments do not stand 

to reason in the aria in view of the folloiring, 

i) The Chanc?pur phyJJites are gee- - ally crushed 

and powdery with hardly any tensile strength 

and thus would be incapable of st a iding any 

overhang for even a nini iu:, of 300. ft. 

It sF ens unlikely that the clan. of the under-- 

cut 9 TThich is an erosional surface , could. he a straight 

one inclined at 25`' • It s' . 1.d infact , have beer. an 

ii rr:,ula:- <r -' curved- surf? c . 

The Ocve)op, entt of c)r.yey, nlrstic :p.terial 



along the thrust arc' the prefcrrec' orientation of pebbles 

could iot be exnlainec1. as erosional fs ^tures . 

Since the Chandnurs cver?ie the Dun ; ravels for 

near y 32 ni? es in the a.re ,it is very unusual that an 

undercut overhang hPs existed fox, such s -I.or.g c'ist~ance 

and. subsp Aucntly -ot .fi l?e.c' by Dun , x V s e. 

ii) he ova"riC : 	C^, .c' - ur ?~'-:'^ _ 1tcs over the 

Dun gr^vels could. ha e t '.-en pla~,.c by t'•e c evelon°,ent of 

a riajor slin due t' the base---failurei The -,ossihJe Success-- 

ive stages h?ve been ilJ,ust rr t ed in Plate "o • 10, 

In the cases cited aove , there sho,,i d be develop-y 

rent of na;or slip scarps in Chanc'nur nhy2lites and a 

distinct variation of the dip of beds ]yin, in the #glided 

bloc'.., with that of the parent block (Plate 'To .1o) . In case 

sJin scarns wee noted 9 the crushed ap.r' clayey r s should 

have been 'rr-sert near the n]ane of slim. 'c such fe'tures 

were ote durini tht coin sr of the present 'rvestigat onse 

?'orcovci 9 it is very unlikely t -̀ -t the trace of a 

rajor slip rlane s1?ou' he ve. exact. y cc;-.icidec? w'th the 

Kro7 thrust - 	the r -- r,'in cast of Punkin `'; 11 ~, e (Plete o.3). 

,'. siri] r thrusting ovc: she Pleistocene Dun gr., vels 

s '-ccn noted, 'n tbc p? c•,s e2st ,f Rishikesh (!-Via and 

'54) 	in the e^r - i - r work, Luden (1"-"3.') had 



~ ,C 	 ,.~ 	,t 	- n t' 	T' o 	t inf~rxc 	s~ rECE. t ~o 	~' ~ 	.~ c~.,, t_ ~ _ r.,7_ t..rus.. 

at c'ifferr.-t 'laces -."z rot ')elt . 

In viol , of the forego i.g argi cnt s ^'' on the 

basis of c• . liEZ 1,7orlr, it s"er^s : or Ji'-c,;' th t there 

h s 	e thrtrstin:; 	of C;ian IP ur rhJ ites OTC the Dun 

,rsvFls 1-, ':c --r= 'seat orcu r-Pst ,cr Purirul vi?:.a~e. This 

co1? .,ossil)ly bF attriutc-. to 	'ate' rovciTents along 

trc Krol thrust . 

5. .̀I'..'CT°..IC ,.- Ir- ' y Y " 	, (,.--,..T 	T ' -. 	7 KR"L TI~;'TTST 

It as ..u'en (103.'. ) who cn-ris,^g:cc'. two na-,nes 

in t1t a ca ti c, enrol o' flRrh'_" I iZRY•'FS whic'' were 
• 

cohsiccFreC' to have bcej- thruster' forww^rc', over t',c younger 

rocks. he ovc-:ont of t'- _ '.'rc1 belt sout1-iza2.r's took dace 

on th Y,]J.i I.a 	la 	E ~~~ l'~.r:; "~. 'r oh act'.. as 	. c ;utoch° 

thonous Alcor. Ir t:1c ,.ro' 	lc Fus5ooaie syncline 
is the klippenof the _,o~: e 	t or: hose :' Gl- rh' .1 rocks. 

Thus y the Sir'lc, sJ.,tcs a'.Zr othr::" ret":102°i^.OS 	Garhwal 

roc's occur both as ,.utoc`ltr )no's 1oc ; ~. l s kli-- -)en 
(Gar_sse1 9 	y unlik- t-e Si:: le, aye- , ,,~^arc t''c Girl 

thrust hrin s Si' la slates oir 	`; hr Krol "),It. 

It T,T?s surr:isec th0t the Yu.-'soorie sjT•~.cline—a 

it o •= ;c.: his DoE: 	ni stilt tc'.. was cD 'Secilcnt to 

the tra.''slatic of ?'rol ',00]t . "ev~?op c:it of folf s a.tld 

fal .ts co''J; thus ', 	uyte 'atuicl i:l th fl bs of the 

syclire. 
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RE gardinln the age of '~ovenent s , it had. been 

thought that the earliest Hoverent took nlp ce it the 

Burdigalian tines (;.uden, 1 34) and so~:E of the r-ovements 

may have taken place Even earlier than _clvetian • The 

goolQ4 ica1 evi'.ence suggests ,-'ore than one ne rio' of 

orogeny end adia and '^Test (1c64) , rrentien that the 

earliest orogeny is in the pre- -Eocene t res 9 th=ough the 

large scale translation of sheet of rocks along iota-angle 

thrusts in ,, srries of nannes y took plrce at the beginning 

of mir''le Yiocene tines. T e r ovs:'ent has not '- cen rrci-~ 

sely dates' yet . .'.uderi (2 937) observed th t there has been 

more than one ' er oc of ro~T,-r ent sloe the :rol thrust 

and ir-,agined that the stronger one took p1Acc in Helvetian 

and the later nove~.,ent s during thr= SisTalik an rostra 

Siti'ralik. ..uden (1942) r:cntione r' about th - chain of lake-~ 

lets and. depressions in the `.chhugan T3akan area (15 riles 

east on 'a'han, P~.atc 'To •ll, ) a1f cor.-tc'cred L,':e:., to have 

been forried as a, result of recent activity along the r'ahan 

and h',rol thrusts. 

On tra 'oasis of the inv^stir^gtio.ns carried out 

in the Raur area, ad or. the 'oasis of foregoing, the 

fo7'o—'n.-. three mossib.1-ities of nolTe: Fats have bee : inter- 

preted for the area ir. 	ition to the earlier n-novcrlents. 



5. 
i) The hrol thrust :.s ';rout.,± ± 	'' he1is and 

Cy_'canc Ui~ ov Y 	:7-' ^ J.e j,,l l.l_'rc :.; r '_ZG part 

of ;hc a 	,inc'ic, ti 	a : ovr: ,t yolu11. -r to 

the ;'ir'rle P°iocer F t res. 

ii) ^'e a oubtcd occurrence of Chas :i'urs over the 

Dun r,r-vols in the e= stern Dart of the areas 

indicates th nossi' i lit of a ?_:overient later 

than the ur-el Plcistoccrc tics. 

iii) :,nalogous to °,uCen t s (1Tl.2) obccrvr^bons in the 

Bakan area conc, rring the forri.ation of lakelets 

due to the recent activity alon, tb thrust 

some evidences hT ve boon G nn:aT hrsc r' in the pry_ sent 

are r, also. 

The tilting of rcce nt Cr^vels 7: t ex ,osure o.X2 

^nd of the ,^.r-,rels unc'erlain by Ohn._zd ur --hyliitcs rt 

cosurc X3 	X.2 , in'ic-, te -; .-ossihi lit' of :_ovc::aent 

later than the riovcricnt involvinrl the Dun Gr. ,cls. These 

evic,enees ^:e ns yct pa ltr,7 and no cf nice conclusions 

couJ.d be dr,.-wr. at this st -' e 



CHI PTEP. YC V 

M.:.JOR LGNDSLIDES 1N THE L.BFA 

i) Geological and Topographical Set—up: 

In the southern flank of the MM:ussoorie ranges, 

particularly east of Kiarkuli river section, Chandpur 

phyllites—highly sheared and jointed—are exposed in their 

strike sections. The scarp faces all along have caused 

ui ab,ility conditions and a number of 'an Jps have taken 

place 9  wherever the streams cut across these formations.. 

In fact 9  some of the local streams originate from these 

slopes and it is these ,which have caused the major landslides 

The landsl  have been triggered by the shocks of the 

earlier earthquakes. 

ii) Vegetation; The vegetation is quite scanty 

on the hillslones 9  and wherever trees are present 9  their 

roots 9  in the jointer Chandpur and allied formations y have 

caused expansive forces which have opened ups the joints. 

Snafl shrubs usually act as protective me_ wsures to keep the 

scree together but are absent, particularly on the steeper 

slopes. 

fib.) :.ction of Water: The precipit!.tion is heavy 

during rainy and winter seasons and w^ter -percolating through 



these jointed phyllites acts as a lubricant rind --heIns in 

the sliding, of material, 

iv) Structural Relationshinss The foliation 

of.Chandpur phyllites is closE and dins northwards with 

gentler dips. The joint n-ttern is intricpte with nurnerous 

.joint directions end minor close folding and faulting further 

aid in the disintegration of already soft phyllites. 

In view of the. above mentioned factors, 

it would be reasonable to expect numerous landslides, part- 

icularly in the southern, reaches of the Mussoorie hill ranges- ° 

i.e.  in the area invf st iga.ted . 

number of landslides-- both perennial and seasonal 

types—were observed g whose detailed discussion follows. 

Greater emphasis 9 howevc r , was laid on the Kalagad landslip. 

2 . K LLG .D L; ND SLIP 

t the time of the construction of the Dehradunm 

Mussoorie road, the problem of landsliee was particularly 

noticeable. For 	srna? ?'stretch, •thc road had to sass over 

the Xalagad rev~.ne near R j,,ur 'and a bridge was constructed 

in 1919.   

Though the landslide at Kalagad had existed even 

before, it assumed greater dimensions in the ye^rs to come 

and eventually in the suns- cr of 1965 , the bridge was obses°-• 

ved to have been completely filled ur by scree material (Plate 

No 09) • 



.',uden (1940) investigp ted this landslip and 

su- nested an alt -rnG t ive alignment of the road. He ment-

loned that the r,radual flooding of the Kalagarh ravine with 

gravels is due to a perennial landslip open -!ting at the head 

of the nala • Though the flooding had started earlier a the 

protective measures were taken up in 1928,   which did not 

help matters. 

The landslip is taking r~laco in the black and dark 

green slates and phyllites of C'-,andpur stage which 7,re 

overlain by purple coloured quartzites. Both these 9 as 

mentioned earlier, are very closely jointed and sheared. 

• In the ye 	1941-42, 1941-42 9 for a distance of 2,960 ft' 

below the bridge, the average gradient Was 5°. Fror the 

bridge upto the toe of the slip the gradient w^ s l0° .. Fins:' 

the `average gradient of the slipned hillside was 36° •an ';c 

height of the slip zone was 868 ft 

The average slope of the h11 there w~ s 36° -vr1-icn ~. 
110 steeper than ti f angle of 25° which can be considered a 

safe slope for sheared and ,jointed slates. The slope betwecn 

the bridge and the slipped hill gradually rose to 25c. 

Discussion: 

The stage in which the Ka1agrtd landslip is present 

now 9 it would seer., that xiy future tri ggcring of the unst ~.' 

slope by earthquake riover;cnts would cause cor^nlete inune-.t;.{, 

of the existing bridge. The slopes of the slipped mtcrial 

are gradually exceoding the critical angle of repose and. it 
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could well be expected that on a future date, there would 

be developrent of a secondary slip surface within the 

scree materials This possibilit,- can be envisaged in view 

of the likely effects of shock in the area. The nresrnt 

position of the scree material in the nala is indicated in 

Plate No .9 , with the earlier levels of grave]. givcn by 

;.uden (l942). 

3. CTS ER L- DSL?DES . 

In addition to the main K lagad laflcislip 9 there are 

some other major slides in the area as indicated below 

1) 1/2 a mile from Kothal Gate on the Dehradurr 
Mussoorie road. 

ii) Near Power House in the Kiarkuli river 

iii) L nurrbe,- of landslips are seen adjacent to the lire 
stone quarry faces. 

i) In some respects, the slide near the Kothal Gate on 

the Mussoorie road is similar to the one observed in the 

Kalagad ravine. The river bed level is, however, considerably 

more steeper than that of Kalagad. The rocks at the head of the 

stream is the sane nhyllite-slate sequence which is jointed 

an' shared and could pose sir.1iJar problems. In vier of the 

steeper r r. di.ont of naH 9 however, no flooding of scree 

m=aterial has taken D1^ce nor one is likely in the future. 

The distance between the bridge arc1 the toe of the slip 

is only 50 yds. and the slope of the slirneO hill is about 60~' 

towards the dovmstrcam side. The lnnds]i;c h-s thus not progressed 
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very far and protective measures have already been taken up. 

ii). The landslip in ?(iarkuli 9  which appc rs in the 

earlier Survey of India ton she -t r7c . 53 J,'3, is in the 

nature of a vcrtical scar- in the Krol C 1ir stones.. The 

limestone is otherwise quite cormact but she slip appears 

to have taken place along one of the major structural weak 

planes opened up by the Kiarkuli river 

iii) Similar to the slip in the Kiarkuli section, 

a number of other landslides were observed near the quarry 

faces but no detailed investigations were glade there., 



SEIS~`ICITY OF TAT' AREl. 

lo GEI\TRAL 

J.n ice. of the seisrlicit,' of t'i e i i-!7c.' ayan belt 

could be had frcr, the fact that 9 r'ur!nL t' e pest hunerec_ 

years, this 1,'s hcEn th- scene of nc r~y C rya`,or c^.rtI I, . 1 

.though , e ^.rtmmuake s of t'.^J_ s n turc must h vc roc n occurs -

ing in -.- '- is belt f rol r tires  i rile aori 1 y yet t'., e first 

scientific study of t' s subject --.s uni ert ~,'e,^ as late s 

1383 by Tr. T.vlc'; a,r^ the firs" ' -:_. ^~ ~ 	-~ 	r^tor of the GEOlobic~. 

Survey of India. 

The soisnicity of the Indo G:-nhctic 1^dn 

of the !'.ir~'l-yan thrust is c'osely rel'tec with their 

tectonic history Inc' tl;cy r rc str~1ctur^7'y rcl^tc-C. Trith 

each other. The fievelopr'Ent of Inc10—g:a c-tic -'l ins and 

t-' lofty mount pins of the '-ir' a.laya s is cor°n1i: cnt ry 

to ^.ch other. 2he thrusts anr' the strike of th forria.tion 

Ii' the Sir la~-Ga rh,,,m a.re at right angles to the .':rave lli~ 

De7.',i strike—extens, ons of the ncninsulax s'.ield which 

are likely to be extending 'below the 	.,^,1^.ya s (Gr,nsser, 

0 

106 ). 
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The area around Raj!-)ur,  9  Dehradu n -'istrict p has been 

affected by r1any earthquakes. In fact )  the ] 905 Kar1r ra, eartYr' 

'cake which had one of its auxiliary epicentre in this region 

brought about considerable daras,e in the area. Though a 

number of earthquakes have occurred in the neighbouring 

regions earlier 9  wi^ich right have affected the Raur area 

also, no reliable record is availa'ole of the extent of damage 

done in the 19th century and ear?.ier. 

The Gang,- basin, south of S 1rJ.a -Gp rh<,,Ta1 region is 

western Uttar Pradesh, is bounded by I - adabad fault on its 

south eastern margin, Delhi ridge on the western and the 

Himalayan thrusts along its northern border. This triangular 

block has shoTgn activities all alone; its  ns-o -The 

northern Dart had the Kangra earth iu ,kes ?s the ',i,  ,est 

earth- uakc duri_n,.' the _o-cent ti:-es . 

The list of some of the irnortent nast earthivakes 

that originated in the neighbourhood of Dehrac'un district 

during the period 1905 to 962, which could have affected the 

ohradun re .ion also 9  are given as I.prendix II • It also gives 

an idea of the activity of the region since 1500 L.D. ('uri.ng 

which period 9  several large ea,rthauakes have occurred and ray 

have done crrsiderah1e darage 

2. K ' 7GRL EARTH ^tTLKE ; 

The Kangra earthnua'-e has been considered by various 

workers to 'De connected with the great boundnry fault 



(FIic'c'lemiss 1910, l,uden 1942). It had a r._arnitude of about 

8 (Richter ma~•nitude) and some of the earlier earthryuakes must 

have had similar magnitudes but had rot been recorded 9 as 

instrumental seisr'ologyy had not rJeve'oped at that time. However 

some estimates of the intensity in the ericentr~ l region of 

earthquake cou7-a be made from the scanty description 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 intensity of damage of the Kangra 

earthquake in Rajnur area was Rossi—Fo- rel VIII. 

The chief vibrations a--)ca.red tr have been horizontal 
and could be divi:sible into two or three rain shocks which 

lasted from 25 secs to .2 minutes. The effects of the shocks 

were 

1. Moaning and rattling sounds. 

2. People st andin- or i,,,- lking lost their balance. 
3. Buildings showed serious damat?—chiefly fissures 

and cracks. 

4. Loss of life was insignificant. 

C.S. Middlemiss (1910) discussed the rela tive heiryhts 

of Mussoorie and Dehradun on the basis of the surveying 

carried out from Saharanpur in cold weather of 190&-1907 , 

soon after the Kangra earthquake. He conch uded that consequent 

to the Kangra. earthquake 9 Dehradun rose by 5.28 inches relat---

ive to ussoorie. The details a)neai as ,`,*?men{ ix I a Y in 

Ply U e i'o .15 . 



The damage in Rajpur region curing the earthquake 

was probably due to the connected movements along he thrust 

from the epicentral region of Kangra (1uc1en J942). 

3. GCTIVITY OF KRC`L T?'.RUST 

P.. Yehta (1962) felt that there was no -ositiv 

evidence to sulrest that future shocks would necessarily 

be connected with the Krol thrust . The observation of riost 

of other workers , however, tend to show that the Krol t'1_ti~ 

has „iven evidences of recent activity. In the present wo:~T 

evidences were analysed which corroborate the above vies 

and it seems quite possible that this thrust may even becore 

reactivated later. (Details in Chapter IV) • 

Minor earthquakes of the reryion which are being 

recorded at the Seismolo ;ical Observe tory of the Ind ian 

Metreological Department , located in the Survey of Indio -) f• -

ice , show that many of the epicentres are clustered alone thc 

thrust zone, though they are fairly distributed ii the whole 

region (personal corrnunicr t ion fror ')r . .T, Tendon, 

India Meteorological Departrent) • Sore of these c1ustors 

associated with the Krol thrust alignr,ent sun --)ort the view 

that the Krol thrust is still active. Local enc,uirirs reve~ 

that minor stocks are 'elt by the people in the F.a~rur arc4 

periodically but no r'amage has been caused. 
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4. P05SIr3ITITY OF FLUTUIT' E :FSI.I'.".KG'S 

The foreroinr description indicates that the area 

around Rni,)ur is fairly susceptible to er rthquakes. The 

maximum intensity of damar'e in the area eurinr' the Kanfra 

r,• rthnuake was of the order of `III I ossl Forxe1. f'inbr 

tremors are being recorded every week) a few of them 

are even felt b;- the people. This indicates that strain 

build- up is taking ola.ce in the region and part of it is 

released freryuently. The residual strains which are building 

up could cause a major earthquake in the region, but in the 

absence of well docur^ented and wcJl rccorded data, the 

likely magnitude of future earth-u^,kes cannot be forecast 

with corfid.ence, . Besides 9 as the activity of t:ris re-Lion is 

connected with that of the whole crustal block bounded by 

the Tradabad fault and Delhi. rid o ire the. south along 

which earthquakes of high magnitude with higher intens~tios 

have occurr€&--the activity of the Fajpur re ,son is likely 

to be Influenced by the rovF-ment s of the entire block. 

The maximum mp ,,nitude so far observed i t1'e neighbour 

inE regions are Bicheter's mp finitude 8 (Kanfra, 250 kms. fror. 

Dehrac?un) y 6.0 to 7.0 (..lmora and Kumaon 9 20C kips) and 5.0 to 

6.75 (Delhi 21C km.) . The observed magnitudes indicate the 

potentialities of d.evelo'~rent of sir^ilar earthnuakes in the 

Rai~ur re -:ion as wells 

r`ost of the ki oym e rthcivakes in the Inc'o—pangetic 

pain and foothills of '?iral<p.yas I Tnera2ly show shallow 

dcnths of foci--rani_;ink; frr 2n tc 3C kris q whi oh i.n-tic-'te 



that they -re nostly clue to thr release of strain within 

the crust above the rioh -discontinuity. These r'avv be 

atributed to minor isotatic adiustments • 

Conclusion a  T:1 view of the foregoing, it can be safely 

assumed that no ma.4  or Earthqu2e is likely to occur in the 

area, thouch recurrence of r1inor shocks will be comr.'on . 

The Krol thrust zone is an active zone and any future 

earthquake along it is likely to be of low magnitude, The 

future structures in the axea 9  therefore y car be c'esilnod 

to stand an intensity of B (Lv sa. ore) or ( (-,occified 

Mereally) ..The minor shocks will 9  however 9  affect the stabi° 

lity of slopes p special)y in the region near the, thrust 

zone where the rocks are already highly jointed. and crushed •. 
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LPPE'TDIX I 

( ctrr.ct fr rl Mc"- it p Gc 1. Sury • In"., 'r I o38 ,: •, .3t 8-349) 

T,T:.RI..TIO" OF L7TELS D^TTT E' S:JI!.I' 1'TPUR g 
AEHY.Dtm :.rT*) MtJ S COflI 

The f-.cts n.rc. t:'^.t in 1882 the line ?,ct,rccn 

SAhrirrn;,ur ^n" Muss^-ric w^.s first leveller', This w^.s 

rc: c. tcc in 1904 (thc ycir 	f^rc. t1 • c^,rthqurkc) 9 s f^.r 

c s the 'rtin ',ctwccn '~chr^c'un -n, Muss --ric is c  

LL;-in in 1905 ^.ftcz the c:_-thqu^.kc the 1^.tcr ',nrti n T rr.s 

, } yin levelled with the ' jLct f sccin , if r.ny ch^nr, c u1('. 
c <l 	rnci., 	f -,. 	 , ._,. .motectc~' 9 , 	~. _~nuniti n f . , ut 4 inches ~r.s fun~. in 

the c'iffcrcncc %f hciht ?,ctwccn the tw - r1i.ccs with ,r 'orm 

ti^n,.tc c?inuniti °ns ^t •,,)ints n the w- .y. These. 1r.st tw , 

cx'crincnt s were cc.rricc'. "ut in Mry -'f these yc^rs , ',ut the 

results we rc .r1'~irucs in ^.s nuc:h ,^.s they ' ir.ht ',c int cr; rctcc'_ 

r,.s either ^ rise '~f Dohr 	r ' sinking, f Muss-ri;.. T- 

scttic this : ^int 9 rnr' ^.1s t - verify the, wh'lc thin- , sr.ncti^n 

wr s ,',t^incc'. , -,n' thr wh ,'lc line rcicvclloe fr •'• S^.h7.r^.n-.-ter 

t Muss^uric in thc c 'l,'. wc^thcr ,f 1906-07 • The results 

cnrr 	the 7.905 lcvc31i 	-n' cst-.'- lishc''. the f-.ct 

that it w^s Dchr-.gun gin' the Sii-r^.liks which hr'. risen 

nit L4ussrv -'ric tirnich h:' sunk. :.s it r'.ust h^.vc t.kcn _'1. -.cc 

,.ctwcci: Mf,,y 1904 rnr Mr y 1005 it is c n jccturc' t^' , it h" ~• 

cnc' 'uric: tic `rth u he 



(ii) 

It may he mcnti- nee'.- that the :;re-test c'rc was taken 
in lcvellin; (,vcr such al-n an ri'unt^in-'us tract 9 the 
rcli, -ility -f the staves rn. the c °ri ^risen 'f there with 

st^nclrird steel unit kcrt at Dchrac'_un '.'cint' attonded to. 

It is a ls' necessary t , oliv hasise the fact that in the last 

levelling a1^n:• the Whale line the results agree s^ closely 

over much ^f it. 

The following is the tabular stn.torient of these 
measurements anc' a section is shown. (Plate No.15) 

T,^.rle showing the results r lcvclling, 
between Sah{ ra n"ur , Dehra'un an 

Musso rie 

Names f point 	Heights 	Heights 
deternin-- detern 
ed in 	fined in 
1862 	1906-07 
(in feet) (in feet) 

G .T .S .En':edor' 
fl .M. at 	j 907.25 	907.25 
S^.ha ran4~ur • 	f 

Difference Remarks 
In feet) l 

_I ;4 	 -ter• 

.:., ccpto , 
'as  Origin 

902.728 

1489.730  +0.330 

2096.925 +0.365 

1959. 64 +0.394 

2229.576 +0.444 

Standard D •M  
at Saharanpur 

G .T .S . Embedded 	I1489 .400 
B.M. at M hand 

G.T.S.  Embedded 	12096,56 
at Y °ha1 'awaJ.a . 

E.Encl 'f Dchradun 1959.07 
Base Line. 

Ir^n Plug at Trigl 
Branch Survey 0ff— 2229.132 
ice at ?)ehr_ ^dun. 



(V1 ) 
Hei ht of Bench Mark at Vincent's Hi1J.. , 
Mussoorie , ('.et er°iinec in May 1904, , 	 ... 712$.315  
accent in; 1ehraun as correct 

Heir;ht of Bench Mark at ITincent's iJ?_ 
Mussoorie rleterr1inec1 after earthnua'.e 	. • . 7 9128 .897 
in Nay any' October 1903,   acceptinr 
Dehra as correct. 

Hei.lht of Bench Mark at ?rincent's ':i11 9  
Mus soorie , t akin;; the new value of Dehra 	• • • 7,129.341 
cleterr:ined in 1906-07 , acceptin'" Saharanpur 
as correct 



iv) 
APPETTDIX II 

PEST R7CORD OF IMPORT ..ITT EARTHtUAKES 

Important Earthquakes in and 

Around Dehradun 

Date 	Place 	Intensity  Remarks. 

1505- 3uly 6 

1669-June 22 

1720~-July 15 
1726-July 15 

1803-- May 22 
1803- 

1816-May 26 

1825-March 22 

1828-June 6 
and 15 

Great damage. 

Large fissures in ground.. 

Great damage. 

Description of damage ind- 
icates a magnitude of 
greater, than 7.5. Great 
damage and large fissures 
in ground. 

Severe rumbling. noise. 

200-300 killed y great 
damage. 

Landslide blocked Vishnoo 
Gangad 

Landslides and rock falls. 

1 
 1,000 killed, 1200 houses 
, destroyed 

Apra 
 Severe 

Kashmir 
 

Violent 

Delhi 
	

Severe 

Delhi 
 > 7.5 

Upper Gance 3— 
Garhwal- 	Violent 
Kumaon . 

Garhwal 
 

Strong. 

Gangotri 
	

Severe 

Delhi • 	Sharp 

Kashrir 	Very severe 

1830--July 17 
	

Delhi 

~. 	. 

1831-October 24 Delhi. 

I- 

Moderate  The last of three earth 
quakes felt during four 
months. 

Severe. 	West of Delhi ,Nausea and 
Shaking; • 

Cont inued....•. 



( zr ) 

3 
	

I 
Felt upto Mirzapur and 
Chunar.  . 

Damage to houses, 

Felt upto Delhi and 
Meerut, 

Storm. 

Two shocks. 

Great damage 9  20000 
killed .Kangra and Dhararrr-' 
s ala destroyed. 
Felt very strongly in 
Dehradun and Ambala, 
trough in Mussoorie 
before Roorkee. 

Felt at Simla. 

23 killed in Bulandshahr 
anal some slightly injured 
i.n Delhi. 

50 injured and minor 
property damn' e at New 
Delhi. 

1842– June 16 

1842-• March 5 

1843–April 11 

1851– Feb. 14 

1888– August 11 

1860– July 9 

. 1905– April 4 

1937–October 20 

1Mathura 

Mussoorie 
---Simla 

Landhour 
(Mussoorie) 

Nainit al.. 

Simla 

Dharamshala 

Kangra 

U .P and H.P.  
Border. 

Severe 

severe. 

Sharp 

Light 

Light 

Moderate.  

Greater 
VIII F.F. 

>V R •F . 

1955– April 14 
 

>IVPF 

1956-- October 20 Khurja 
 6.75 

Bulandshahr 

1960 August 27, Delhi- 
 6.0 

Gurg aon . 

Date  I P Arrival  Position 

1956–Oct. 

1958–Dec. 

1961--July 13 

h.m.s• 

 

—  Felt at Roorkee. 

 

—  Felt at Hissar ,, Simla, 
Bareilly and Roorkee at 
5 he 37 in with intensities 
T' jr 9 VIII 'VIII respectively 

07X13 X30 25.8-81.5  Moderate Intensity re11 
recorded all over India 

Continued o••..,I 



(vi) 

1 2 3 4 

1962—July 13 05, 08, 6 30.5 , 79.6 INee,r 	lmora in U.P. Felt 
strongly at Almora, 
Mukhteshwar Tel 
Felt by some persons at 
Delhi. The shock was 
recorded in almost all 
observatories in India. 

1962— July 14 15, 58, 53.7 30.4 , 79.5 Near f.lmora , strongly 
felt at Almora , Mulct eshwar 
landslides near, Joshimath F  
Recorded at almost all 
observ ,  t,orie s in India 
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