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CHAPTER 111

STRATIGRAPHY

GENERAL

The Nainli Tal area comprises the south eastern
extremity of the Krol belt (Fig. 3.1), and its rocks
compare fairly well with thogse of the type area which
have been described ideally by Auden (1934). Though
many workers investigated the geology of the Naini Tal
in the past, none made any serious attempt to study
these Krol belt rocks in és mach detail as that done by
Auden in the Simﬂé-Chakrata area. In Nainli Tal area
and its neighbourhood, these rocks show excellent

exposures and interesting 1ithology. Perhaps the
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structural complexity of this region prevented workers
from going into the details of the lithology and strati-
graphy. The author had the opportunity to collect
considerable data including that on structure, and hence,
he has been abie to work out for the first time a fairly

convincing stratigraphical pieture of the Naini Tal area,

So far as the broad stratigraphic outline is
concerned, he has }elied mainly on the work of Auden
and Helm and Gansser, but in matters of detailed inter-
pretation, the author's conclusions are at some variance
with the previous workers, One of the most important
aspect of sgtratigraphy on which the autho; has differed
from Heim and Gansser (1939) is that of the age of lower
most quartzitic rocks of the area. According to these
two workers, they are Nagthats while the author has
considered them as equivalent to the Blaninis. There
are certainly no evidences to consider these quartzites
as of Nagthat age, while on the other hand the various
lithological criterien very conclusively put them as

Blainis. The author has, at appropriate places discussed

these evidences., Furiher, in working out the stratigraphy,

the author has taken into account the two important

structural considerations, Firstly, the area shows two
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episodes of folding, the synclinal structure of Naini

Tal belonging to the second fold episode. The first

folds are represented by a pair of anticline and syncline,
over which the Naini Tal syncline has been superimposed.
The author has found that the Bhowali anticline in the

east belongéi%his early fold episode., Secondly, the slaty
cleavage developed during the first folding and it was
affected by the second folds. These structural aspects weze
brought oﬁt by none in the past, and generally the Naini

Tal syncline was taken to be & complimentary to the

Bhowali anticline.,

The author's mapping has further discounted the
s0 called "large scale" slipping and sliding of rock
masses, envisaged by Thomas (1952) and Gansser (1964).
0f course, the area is considerably faulted, but not
g0 much as to obscure its correct interpretation. In fact,
the author has found that apart from some complexities
imparted due to the inversion brought about by first
folds and some vertical displacements along faults, there
is nothing to suggest that the Naini Tal area is all

broken tp.

-

The various structural details of the area have

been discussed later (Chapter IV) and in this chapter,



the author has cohnfined himself exclusively to the
stratigraphic and lithologic details of the wvarious

formations (Fig. 3.2).

The author's study and correlation of the stratigraphy
of the area is based on the field observations and petro-
graphic characters of the various rocks from all over the
area, He has found that the various formations, typically
represent an almost complete sequence Blaini - Infra-Krol -
Krol which is pushed over Siwaliks along the Krol thrust.
The .different formations of this sedimentary sequence show
variation within themselves, thus giving rise to a number
of lithological types recognisable in the field. The
formations comprise numerous calcareous, argillaceous and
arenaceous units, These units show widespread occurrence
of sedimentary structures; cross bedding and ripple marks
are quite common in quartzites, Shales and slates show
their primary laminations, Bedding is quite conspicuous
in limestones. These sedimentary structures proved very

useful in understanding the correci stratigraphic picture.

STRATIGRAPHIC SUCCESSION AND LITHOLOGY

The various rock formations of the area are as under:
(4) siwaliks

(3) Krols

(2) Infra-Krols

(1) Blainis.
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These are seen cut by a number of post-thrusting

mafic igneous rock-~bodies,

The generalised stratigraphic succession is as

follows:

Formation
Siwalik

Upper (iv)

(ii1)

)
3 %
g §
Krol 8 Lower (i1) §
(1)
§ |

(iii) %

Infra-Krol (ii) g
0

(1) §

0

(ii) %

Blainis 0
(1) §

0

Litholo

Sandstoqes and shales
Oolitic (Siliceous)
limestones

Dolomitic limestones

Red shales (slates with
thin bands of limestones

Thinly bedded limestones
with intercalated slates

Pebbly quartzites and
slates interbedded

Slates silty slates
and quartzites
interbedded

Purple and carbonaceous
slates

~

Purple and red slates
with limestone

Pebbly quartzites and
sub~greywackes

Thickness
?
60~120 m

200-300 m
60~-120 m
120~-250 m
60-120 m

120-200 m

30-60 m

10-30 m

'120~-200 m

Unconformity -- —

Blainis are resting over
the foliated traps.



Blaini Formation

The pebbly quartzites, intercalated with slates
and lenses of limestones, that occur in the NE, have been
considered as equivalent to the Blainis. Heim and Gansser
(1939) thought that these were Nagthats, but the author
is not inclined to accept the above correlation, because
these rocks show a lithology that compares very well with
the typical Blaini formation. Moreover, the slates of
this formation grade imperceptibly without any break,

into the overlying Infra-Krols.

This formation is represented by its two upper
members. The lowermost bouldary beds, lie outside the
limit of the stuhy area, and have been reported by
C.P. Shah (personal communication) from the Garampani-

Khairna bridge area in the NE.

O0f the upper two, the lower member is dominantly
of pebbly quartzites with thin layers of grey slates.
These quarzites contain sub-angular to sub-rounded large
fragments (1 cm to 6 cm) of greenish quartzite, quartsz,
red shales etc embedded in a gritty variable matrix
(Plate 3.1). A few samples contain fragments of the
underlying foliated trap also (Plate 3.3). In thin

gsection (Plate 3.2), the matrix itself shows considerable



PLATE 3.1

Pebbly and gritty quartzite - Blaini
(Loc. 4 km NE of Naini Tal)

PLATE 3,2

Heterogeneous immature matrix of
pebbly quartzite (Photomicrograph:
cross nicols, X45)
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PLATE 3,3

Trap fragments in pebbly quartzites
(Photomicrograph”™: cross nicols,X45)
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heterogeniety and is seen to be made up of small fragments
of quartz, quartzite, slgte, jasper, agate and feldspars
cemented by argillaceous and calcareous material. Due

to some recrystallisation; the cement is now seen to con-
sist partly of mica and calcite crystals. On the whole,
the rocks betray immaturity, their sorting being very poor,

From the l1ithology point of view, many of these rocks

could better be called a "suh-greywacke". .

The upper part of the Blainis conéists of purplé
and red slates with a limestone horizon at the top. The
slates are continuously exposed, while the limestone within
them is seen to béidiscontinuuus lensoid. The limestone
ha§ been found to be dolomitic and its thickness never
exceeds 30 metres any where in the area. The association
of dolomitic limestone and red slates is yet another evidence

to suggest that this formation is similar to the Blainis

of other areas in Himalayas.,

The Blainis pass upward into Infra-Krol formation
without anyﬂbreak or discordance, and in the field, it
is rather difficult to separate them., However, an
arbitrary line of separation above the limestone keeping

in mind the type area has been put by.the author,

The Blainié form a prominent belt in the north-eastern

part extending roughly NNW-SSE with westerly dips.
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Infra-Krol Formation

The purple and red slates th@t overlie the Blaini
limestone, belong to the Infra-Krols. 1In the study area,
this Infra-Kro formation, on the basis of field occurrences
can be divided into following three norizons (members) :

(iii) Pebbly quartzites and slates,

(ii) Carbonaceous slates, éilty slates and
quartzites,

(i) Purpole and carbonaceous slates,

The lowermost member of the Infra-Krol consists of
purple and carbonaceous slates which conformably overlie
the limestone (lenses) of Blaini. In fact, these slates
are in no way different from those of the underlying Bléini
slates, and wherever the limestone has'pinched out, the
demarcation cannot be made. These slaies are very well
cleaved and do not show any sedimentary bedding. The
total thickness of this slaty horizon varies from 30 to
60 metres, The slates are well exposed around Dunikhal
and Pangot villages in the N and MW, The lower part of
the horizon is dominantly purplish, while the upper is
carbonaceous. The carbon content fends to increase upward,
and in the uppermost part, these slates soil the fingers.
Yellowish limonitic encrustations are commonly observed

on the surfaces of these slates.
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The carbonaccous slates of the middle ( member)
horizon are grey and sheeny and alternate with quartzite
layers. Various layers of intermediate lithology can
best be described as silty slates. The layers of slates
of carbonaceous and silty slates are eaéily recognised
by their hardness and oolour'variation in shades of grey.
The quartzites tend/to be brownish, This interbanding
is ideally seen in the‘hfils?of Dunikhal and Ghungua and
on the Ng.slapes of Lariakanta peak. Quartzites show goo&
bedding and possess sedimentary structures like ripple
marks and current bedding (Plate 3.4, 3.5 & 3.6). The
carbonaceous slates on weathering give rise to yellow
concentric rings of limonite, the'parenf mineral of which
mist have been pyrite., Thin sectidns of carbonaceous
slates reveal ;ery little éxeept the carbonaceous dust
with other faint argillaceous matter showing a slaty texture.
The siltstones show a somewhat coarser texture and tiny
granules of quartz are identified., The carbon content is
seen to gradually decrease upward. Thin sections of the
quartzites show considerable variation in the grain shape
and size, Tﬁe outlines of the grains are generally smooth

and only occasionally sutured, The rock does show gome

recrystallisation but the original size and shapes of the ‘



PLATE 3.4

Infra-Krol quartzite showing well marked
sedimentary bedding (Loc. Pines, 3 km
E of Naini Tal)

PLATE 3.5

Infra-Krol quartzite showin rlpﬁl@ )
marks. (Loc. Gainthia,2 km of Naini Tal)
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PLATE 3.6

Infra-Krol quartzite showing current bedding
(Loc. Gainthia, 2 km E of Naini Tal)
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quartz grains are not totally obliterated. The cementing
matrix is fine chlorite. Occasionally, bigger fragments
of slates are also seen embedded in these quartzites.
Grains of zireon, tourmaline and hematite comprise the

-

heavy minerals,

. The uppermost member of Infra-Krol consists of
quartzites with layers of purpele slates. These are
well exposed in the Lariakanta and Chorsa ridges. The
quartzites are pebbly. This horizon shows a total
thickness 60-120 metres being maximum at the Chorsa
village. These Infra Krol rocks occupy a é}nclinal
core and as such show unusual thickness. Siat& beds
are quite frequent, but the total quartzite-slate ratio
never exceeds 60:40; The élates and quartzitps show
considerable interfingering. The individual quartzites
beds, are 10 to 15 cm thick, have preserved good sedi-
mentary structures, and tend to taper off laterally in

slates, while the same is true for slhtes within the

guartzitese.

The thin sections of the matrix of the pebbly
quartzites show sandy to argillaceous material. When
sandy, it is seen to congist of an aggregate of quartz

grains of variable size, cemented by silica, Wherever
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the matrix is semi-pelitie, the recrystallisation has
given rise to slender flakes of ehlorite and sericite
which ocecurs around and in interstices of quartz grains.
The bigger grains are usually of quartz, but quite often
those of slates and jasper too are recorded (Plate 3.7,
3.8). Occasional tiny grains of zircon and tourmaline

are also met with.

Krol formation

The Krol formation of the Naini Tal area has been
divided into two parts - Lower and Upper. The Lower Krols
are dominantly argillaceous limestones while the upper

are massive dolomitic and o00litic limestones.

The Krol formation in the study area comprises four

members:-
§ (iv) Ooolite limestone
Upper Krol 8
- § (iii) Dolemitic limestone
§ (ii) Red shales (slates)
Lower Krol (1) Thinly beeded limestone
8 with intercalated slates

Lower Krols: Lower Krol rocks overly the Infra-Krols
rather conformably and are represented by slates and

thinly bedded shaly limestones (Plate 3.9).
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PLATE 3.7

Inlra-Krol pebbly quartzite showing pebbles
of quartz and slates (Loc. Gainthia, 2 km E

of Naini Tal)

PLATE 3.8

Infra-Krol pebbly quartzite showing mounded
to sub-rounded quartz pebbles. (Loc.Gainthia
2 km E of Naini Tai).
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The rocks of the member (i) i.e. Thinly bedded

limestone with intercalated slates show extensive outcrops

all around the Naini Tal lake except in the south. This
member consists of alternating layers of limestones and
slates., The individual beds never exceed 10 cm in thick-
ness (Plate 3.10), The limestone is of greyish blue colour
though on weathered surfaces, it shows greenish tint,
Development of a strong fracture cleavage, oblique to the
bedding 1s a very characteristic feature of the limestone
beds (Plate 3.11)., The limestone is frequently traversed
by calecite veins. Variegated slates of many hues-purple,
green, grey and brown, rapidly alternate with the limestone
beds., These slaty layers vary in thickness from 5 to 15 cm.
In addition to a strong slaty cleavage, these argillaceous
rocks abundantly show sedimentary laminations, the latter

often making a wide angle with the cleavage (Plate 3.12).

The variation in colour in the slates is so rapid
and frequent that sometimes a single specimen may posses
all the colours. The various hues are clearly dune to
(i) the variation in the calecareous content and (ii) different
degrees of oxidation of iron, These slates are ideally
exposed along the slopes of the Sherka Danda ridge (i.e,

the NE side of the Naini Tal Lake).



PLATE 3.9

Thinly bedded limestone of_Lower Krol
(Loc, Northern slope of China peak)

PLATE 3.10

Limestones and slates interbedded.
(Loc. South of Ayarpatha ridge)



PLATE 3.11

Fracture cleavage in Lower Krol limestone.
(Loc. 1 km NW of Naini Tal)

PLATE 3,12

Argillaceous limestone showing sedimentary

lamination and well developed cleavage*
(Loc. Northern slope of China peak)
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An important structural feature of these slates 1s
their extensive puckering and microfoiding. Quite often,
a crezulation cleavage characterising the axial plane of

the mierofolds is recorded (Plate 3.13).

The upper member of Lower Krols (i.e, Red shalesg)
is charaeterised by soft, thinly laminate# slaty rocks.
The author has preferred to call this member as 'Red
Shales', following the name given by Oldham (1888): and
and Auden (1934) to these rocks in the type area. In fact,
this member of thg Krol sequence is almost continuously
encountered all over the Krol belt and has been used by
all as a marker horizon, The dominant rock is a red
coloured slate with small lensoid, blotches and thin layers
of green colour. The red colour also show variation in

its tint from light to deep.

This horizon is well exposed along the southern
slopes of Sherka:Danda, China Peak and on the southern
face of the Ayarpatha ridge. The upper part of this member
contains thin bands of limestone, whish-oecur—as~Tmall
Eﬁ::gzéae, which occur as small lenses, a few om thick

and never extending beyond 50 metres, wedging laterally.

The slates show good lamination and slaty cleavage,

the two quite often being obligque to each other.



PLATE 5.15

Microfold in Lower Krols slate

(Photomicrograph:

cross nicols,X45)
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In thin sections these rocks show a parallel
arrangement of tiny macaceous flakes in an argillaceous
matrix, The parallel arrangement of micaceous flakes

mark the slaty cleavage (Plate 3.14).

At the south face of the Ayarpatha, because of the
steep bare scarp, these slates are ideally seen underlying
" the upper Krol limestones. This massive limestone rests
over cleaved slates gives an erroneous impression of
discordance (Plate 3.15). Actually the contact is a

normal lithological one.

Upper Krols: These comprise the uppermost horizons of
the study area, and are almost totally made up of lime~

stones.

The Dolomitic Limestones (member iii) thickly bedded

massive (Plate 3.16) resting conformably over the Red

Shales of Lower Krols. The contact seen along the southl
face of Ayarpatha ridge, has been described as a thrust
plane by Thomas (1952) and Gansser (1964), but the author
found that it is not so, The massive and hard nature of

the limestones has given rise to a scarp, and the underlying.
Lower Krol slates show a slaty cleavage which makes some

angle with the bedding, and these two factors give an

impression of tectonically disturbed comtact.



PLATE 3.14

Texture of Lower Krol slate
(Photomicrograph: cross nicols,X45)

PLATE 3.15

Upper Krol limestones giving an impression

of discordance with the underiving slates.
(Loc. South of Ayarpatha ridge)



PLATE 3>16

Massive limestones of Upper Krol.
(Loc. Ayarpatha ridge)
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Thoss Limestones are of Hlulsh groy coleur, with
a piteby lusire, UGesnerally they ars pedium to fine
graiced. Dedding is progerved bhud is Mot wery couppleuwous.
Yhe iudivigual hede are of 8 t0 & metros thickuess and
betweolt $wo beis occour thin slaty layers of 8 to 10 en
thickness (flate 3.17). The slates are easily racognised

by thelr clonvage and greyist colour,

These limmstones do not give effervescence with
acid., Gypsum pockets and calecite veing are frequent in
theose llmestones. Sbainlng with Allzariu red 5, has
indicated that the carbonales ore both oploite and

dolomite.

In thin gections, these roaks show g firegrained
orystalline equigrsnulor sass el caleite amd dolomite.
Tua grebng nye oo seall to short auy Twingiug eto.
stainlog has revesled thelr truwe sature, Quarts grains

are present in strey patches (Plato 3.i8).

The dolomitic timcstonca whon £ollowad upward Locome
more silicecus aué oolitiec {(wmember iv}). ©Of course, this
digtinetion could avt be sbhserved in the field, aud the
volilic aature of tiis uppormost part of the Hrol forwmailiou,

wag establ ished »ith tho help of thin zectiouns. Tho



PLATE 3.18

Fine grained equigranular texture of Upper
Krol doloraitic limestone* (Photomicrograph:
cross niools, X45)
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limestones of this member are éreyish in colour, bedding
being not very prominent. In thin section, these limestones
show typical oolitic structure and are seeh to counsist
almost entirely of oolites., Within the oolitic mass are
seen interspersed sub angular grains of quartz. The quartz
content is quite variable, The oolites are sub-~spherical

to oval in shape, 0.5 o0 1,0 millimeter in diameter, fairly
uniform in shape and size. The oolites are concentric and
show that they have grown outward from a centre, this growth
having taken place around = nucleii of detrital quartz sand
grains, The houndaries of oolites are sometimes végue. The

cement is of calcite (Plate 3.193d 3.20)

The author has observed that even within this member
occasionally the oolitic structure is absent and in such

non-oolitic limestones quartz content considerably increases

Bloto=dae) .

This oo0litic member is indicative of very shallow
depositional condition, and it is likely that in the
Naini Tal area, no deposition took place after this oolitic
upper Krol member. Perhaps this explains the absence of

Tal formation in this area,
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FLATg 3.19

Oolitic structure in Upper Krol limestone.
(Photomicrograph: polarised light, X45)

PLATS 3.20

Oolitic structure in Upper Krol limestone.
(Photomicrograph: polarised lignt, X45)
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Siwalik formation
1 The Siwalik rocks ocour across the Krol thrust in
the southern part of the area and constitute the

autochthonous zong£3

[:The Siwalik system represents a depositional sequence
of Middle Miocene to Lower Pleistocene, having originated
in the long narrow depression formed in front of the rising
Himalaya. | Most of the sediments were derived from the
denudation of the newly risen mountains to the north. The
system thus is made up of.sandstones, grits, conglomerates,
clays and silts having characters of fluviatile deposits
of torrential streams and floods in shallow fresh-water
basins, Siwaliks typically represent a 'molasse' formation,
over 5000 m thick. This system is noted for its rich
vertibrate mammalian fauna. On lithological and faunal
grounds the Siwalik system has been sub-divided in to
three main groups, Lower, Middle and Upper Siwaliks. This
three fold division of the sub-Himalayan section is recognised
in most of the sub-Himalayan sections, a rather surprising

fact considering their fluviatile nature of the deposits,

The age given to the Siwaliks depends so far entirely
on their prolific vertebrate faunas (mainly mammalian) and

the correlation of these faunas with dated sectlions el swhere.



Their age is given below:

Upper Upper Pliocene
to
Lower Pleistocene
Siwaliks Middle Upper Miocene
to

Middle Pliocene

Lower Middle to
Upper Miocene

E Taking into account the lithology of the Siwalik
rocks of the study area, they have been considered
equivalent to the Lower Siwaliks. The prevalent rocks
are medium to coarse grained, friable, micaceous sand-
stones of greenish grey colour. There are n%merous
intercaiations of shales of red and violet colour. While
the sandstone beds vary in thickness from 1 to 56 metres,

the slaty layers are hardly 30 cm thick at the maximum:j

| In thin section, the sandstones show a coarse
texture, and congist mainly of quartz grains, Biotite,
muscovite and chlorite are the main micas. Stray grains
of garnet, zircon and tourmaline are also common, Other
accessory minerals are epidote, apatite, rutile and
sphene, The quartz grains do not show any strain shadows,

do
noy*they show any recrystallisation{:x
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L These rocks are well exposed nearly all along the
road from Baldiyakhan to Jeolikot. Sandstones and shales
can be well seen at Phagania Knet Malla,) Kulaithi and
Patwadungar.l The sandstones show well preserved sedimentary

-
bedding., Sometimes cross hedding is also seen. )

Mafic Intrusions

These mafic bodies have been recorded from the Krol
nappe only, Most of them occur in the form of sills but
some cut across the bedding and the cleavage to form dykes.
In the field, they are recognised easily by their appearance

and mode of occurrence.

A prominent 60 metres wide sill of epidiorite is seen
to occur in the Upper Krol limestones trending E-W nearly.
This is exposed at 5§ places,viz,Timalpani; Adhaura, Gahari
Khet, Chorkhat (these 4 places lie at the Deopatha hill)
and near Lend's end at Ayarpatha hill., The author has named
it as Adhaura sill. In the field, this is nearly parallel
to the bedding of upper Krol limestones and is nof much weathered.
It is greyish green in colour. I1Its total length is nearly 4 kn.
Another prominent body, a dyke of epidiorite is seen intruding
the Lower Krol limestones at Snowview, Lalpani, in the Kilbury
Nainitgl road section and near Pali village, It is 20-50 metre

thick and cuts across the bedding. It extends E~-W for about
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3 km, This doleritic dyke has been referred to as
Palidyke. One more relatively thicker, doleritic dyke
ocours at Jaultimli hill. It intrudes the Infra-Krol
slates and forms a small hillock. The thickness is
nearly 80 metres but it does not extend beyond the two

nalas on either side. The author has named it as

Jaultimli dyke.

A very small sill of only about a metre thickness
is met with on the road to Government house at Ayarpatha
ridge. 1t is a very fine grained basaltic rock, and
exposed in a road cutting, It does not extend beyond a

few metres, it has been referred to as Tiffin Top sill.

A thick sill of 80 metres is also seen at Patli
village. This is named as Patli sill. It extends NNW-SSE

for 260 metres.

The author could make only a very preliminary study
of mafic rocks, as detailed and exclusive attention to
these intrusives was beyond the scope of the present study.
He has therefore given below in outline, the petrography

0of the mafic rocks.

These intrusives are seen as greenish grey to dark

grey, compact rocks medium to fine grained. Under the
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microscope, they have been identified as coérse to fine
grained dolerites, showing ophitiec to sub-ophitic texture.
In coarser varieties tabular laths of partly altered
plagioclase are seen enclosed wholly or partly within

the pyroxene. Fine grained variety tends to show a
basaltic texture comprising needles and slender laths of

plagioclase embedded in a groundmass dominantiy of pyroxenes,

Plagioclase is labradorite (An forms prismatic

35—45)’
and tabul ar subhedral laths, which show a combination of

carlsbad and albite twinning. The feldspar shows much
alteration to either saugsurite or sericite. The degree

of alteration is not uniform, Augite occurs as subhedral

. plates, partly or wholly enclosing the plagioclase laths.

It is light pink in ‘colour, non-pleochroic and shows typical
two sets of cleavage. It is also considerably altered.

Hematite and magnetite are the other primary minerals which

occur as stray patches and grains, The remaining minerals

epidote, chlorite, sericite, uralite, apatite and calcite

are the secondary minerals derived from the alteration of

the pyroxenes and feldspars (Plates 3,21 & 3.22).

These rocks’ show considerable hydrothermal al teration,

but no effect of deformation is seen on them anywhere. This
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PLATE 3,21

Doleritic texture of vatic rock
(Photomicrograph: cross nicols, X45)

PLATE 3.22

Coarse basaltic texture of mafic rook
(Photomicrograph: cross niools,X45)
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olearly points to their intrusion at a date later than

all the tectonic events.

DEPOSITI ONAL HISTORY OF KROL GROUP

The various rock formations, it is seen, right
frém Blaini to Krol, comprise an almost unbroken deposi-
tional sequence. No where the formation boundaries
could be convincingly placed, Obviously, the entire
sequence forms a single lithostratigraphic group.
Bhattacharya and Niyogi (1971) have rightly included
Blainis, Infra-Krols and Krols of the type area into
one single lithostratigraphic unit - the Krol Group.
They have found (1971, p.182) that the entire succession,
starting with Blaini and ending with Krol D formation,
shows close stratigraphic association, absence of marked
unconformities, somewhat related environments of deposition
and continuity of depositional history. Bhargava (1972,
p.58) describing the Krol belt rocks has written "The
Blaini formation undoubtedly marks a major unconformity
in this part of the Himalaya. The Blaini formation passes
without break into the Infra-Krol formation in the Krol

belt region.”
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The Krol belt rocks of Naini Tal area too show
almost identical depositional history. The oldest formation,
viz., the Blaini, mainly comprises pebbly quartzites and
sub-greywackes, This lithological association ftypically
represents a shallow-water marine envir;nment of deposition,
ranging between littoral and infra~li£toral zones under
teotonically unstable conditions (Krumbein and Sloss,1963,
' p.510-11), The presence of various sedimentary structures
including eross-bedding and ripple marks indicate the
influence of current or wave action which further supports
the shallowness of the water {Pettijohn, 1957, p.313).
Blainis here do not appear to be glacial or flnv;pglacial;
Thﬁugh, within the limits of the study area, no boulder beds
oecur,(é little outside the area, in the north, around
Garampani-Khairna Bridge, the lowermost Blainis are exposed
and these are highly bouldery. These pebbly and bouldery
rocks appear to represent slump deposits involving shallow
water sediments, The angularity of pebbles and lack of
sorting, do not represent glacial origin, but they indicate
frequent submarine slides when portions of partly consolidated
Blaini sediments together with a few extraneaué pebbles
contributed towards the formation of the pebbly mudsﬁones.
Bhargava (1969, 1972) has however maintained that the Blainis

are glacio-marine deposit.



The presence of limestones lenses alsoc goes agalngt
the glacial origin as carbonate beds indicate warm shallow

waters. Bhattacharya and Niyogi (op. eit. p.117) have,

for the Blainis of Simla area, visualised "a shallow delta-

front environment near the shore line where in local
secluded clear-water pools, the carbonate lenses were
formed." Rupke (1968) and Valdiya (1970) have also

considered Blainis as shallow water turbidites.

The Blaini limestone is overlain by the purple and
carbonaceous slates which have been included under Infra-
Krol Formation, The slates in the upper part of the
Blainis being quite identical with those that come over
the limestone, it is rather difficult to distinguish
between Infra-Krol and Blaini in those areas where the
limestone does not exist. 1In fact, Blainis imperceptibly
grade into Infra-Krols., It was on the basis of gimilar
observations in the type area that Bhattacharya and Niyogi
{(op.cit., p.188~189) ‘have questioned the justification

of separating Infra-Krols from Blainis.

According to Bhargava (1969) the end of Nagthat
period coincided with movement which brought about the

Talchir glaciation in the Peninsula. These glaciers

33
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towards north descended in the Krol basins to form the
Blaini Boulder Beds. After the deposition of the Blaini,
basins.shrank in size and became euxinic in which the

Infra-Krol was deposited.

The slate sequence in the lower part of the Infra-
Krols, suggests a comparative deepending of the basin
during this period. On the‘other hand, the upper part
of the Infra-quls, which shows increasing number of
intercalated quartzites, tending to be pebbly, indicate
shallowing of the basin again. This upper part of tﬁe
Infra-Krol formation is also marked by cross-bedding and
ripple marks. ' Perhaps due to the upliftment of the
underlying sequence in the north provided the provenance
for the upper Infra-Krol. Bhattacharya and Niyogi (1971,
p.192) have suggeéted that the Infra-Krol of Simla area,

were deposited in a transitional deltale environment.

The bhasin again‘shows gradual deepening during the
deposition of Lower Krols which is marked by presence of
slates and thin bedded limestone alternations. The
environment of deposition of the Krol members is indicated
to be of stable tectonic set up - an environment of mixed

clastic and carbonate deposition, The calcarcous slates
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and argillaceous limestone sequence of Lower Krols

suggests a period of fine clastic and carbonate sedimen-—
tation in shallow marine conditions. Oxidising conditions
prevalled during the deposition of Red Shale member, though
the marine condition continued. The upper two members
represent a regime of carbonate sedimentation in shallow
marine conditions. Occasional layers of red shales,
suggest periodic prevalen;e of oxidising conditions. The
colitic nature of the uppermost Krol member speaks of a
shallow near-shore environment. Oolites indicate extreme
shallowness of basin, nearness of shore-line and wave- and
current—-agitated environmemt., It is obvious that the basin
became very shallow, sub-aerially exposed during late Krol
deposition, and perhaps the area became positive soon after.
It is dixe ¥o this non-deposition in this area that explains

the absence of Tal formation in Naini Tal area.

The next period of deposition was that of Siwaliks,
In the study area, only the Lower Siwaliks are represented.
These indicate deposition in a transitional shallow water
marine to non marine environment, The Lower Siwaliks comprise
typical molasse sediments, made up of sub-greywackes and

red shales.
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CORRELATION

The sédimentary sequence of the Krol group in
the study area, starting with the pebbly quartz;tes in
the north-east and ending upward with the oolitic
limestones in the west resembles in many ways the Blaini=~
Inira-Krol - Krol seguence of the Sinla - the Krol belt
type area of Auden (1934). The similarity between the
rocks of Naini Tal and those of the Krol hills of Simla,
were observed long back by Middlemiss (1890), who
suggested that the Ayarpatha limestone belonged to the
Krol series. A couple of years earlier Oldham (1888),
had investigated the limestones and associated shaly
rocks of the Solanm area, near Simla and designated them
as Krol series. He divided the Krol limestones into three
sub-stages:

(ii1) Upper Krol limestone

(i1) Red shales

(i) Lower Krol limestone.

Auden (1934) in his classic work on the Krol belt,
preferred to divide the 'Upper Krol limestone' into three
sub-stages, so that in all, Krols comprised five sub-stages

3

as under:
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% Krol E

(iii) Upper Krol limestones g Krol D
! Krol C

(ii) Red shales Krol B
(i) Lower Krol limestone Krol A

He has clearly mentioned that the Naini Tal rocks form
the south-eastern limit of the Krol belt, Heim and
Gansser (1939, p.26) too correlated the limestones of
Deopatha and Ayarpatha ridges with the Krols of Simla
area. According to them, the slaty formations of the
northern slopes of the China peak, are Infra-Krols.
Thomas (1952) also believed that the massive dolomitic

limestones were of Krol age.

The author too finds the above correlation quite
valid so far as the Krol and part of the Infra—K;ol
formations are concerned, but as regards the pebbly
quartzites and carbonaceous slates of Lariakanta, they
are not Nagthats as shown by Heim and Gansser., These
two workers have included the entire succession from
Lariakanta eastward upto Bhowali within Nagthat. They
write that they searched for Hlainis in vain and got
them no where (op.cit., p.27). The author however tends

to differ from this correlation, He has found that the
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80 called Nagthats of Heim and Gansser, partly comprise
the Infra-Krols and partly the Blainis., The author fails
to understand how these two eminent geologists could not
observe the so obvious Blaini succession in this part.

The bouldery and pebbly guartzites with intercalated

slates and a lensoid limestone horizon near the top, clearly
show a sequence which tallﬁg well with a number of typical
occurrences of Blainl formation, As in the type area, here
too, the Blaini slates grade interceptably into the Infra-
Krol quartzite-slate sequence. The Lariakanta ridge, is

in fact a prominent quartzite band near the top of the

Infra~-Krols.

So far as the limestones above the Infra-Krols are
concerned, they are no doubt of Krol formation, and are
definitely similar to those of the type area. What is
so striking about them is the great lithological similarity
that they show with their extreme a north-western counter-
parts. It appears that Gansser (1964, p.91) had some
reservations about this correlation, because he wrote,
"The Naini Tal region, south of the large Dudatoli-Almora
crystalline thrust is 270 km south-east of the Simla area
with its classic Krol sections of Auden., Evidently, over
such a distance, considerable changes in facies could be

expected, and correlation of the various formations is
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open to some doubt." The author on the other hand is
inclined to state that though the two areas are separated
by a vast distance, yet their Krol rocks show remarkable
lithoiogical similarity! of course allowing for minor

variations in lithological facies.

In the Naini Tal area, the Krol formation is almost
fully developed except the top most member (Krol E of
Auden). Also the Krol sandstone is not present. But this
member, even in other areas of Krol formation, is not
always encountered. The author believes that either it
has not developed in Naini Tal area, or it is quite likely
that it is represented by the Lariakanta gquartzite band.

If the 1atter)is true, then it would be worthwhile to
reinvestigate the occurrences of Krol sandstones clsewhere
to ascertain whether they are in fact a part‘of Infra~-Krol
formation, Krols and Infra-Krols represent quite different
depositional conditions and considering the fact that Krols
are almost entirely devoid of sandy layers, the possibility

suggested by the author is worth investigating.

The various other members of the Xrol sequence of
the study area are fully ‘comparable with those of the
type area. Thus the upper and lower members viz (i) and

(ii) of the Lower Krols are comparable- to the Krol A and
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Krol B of Auden. Similarly, the two members - (iii) and
(iv), of the Upper Krols are equivalent to the Krol C and '
Krol D.

~

The member (iv) (= Krol D) which is represented by
an oolitic (siliceous) limestone marks the youngest horizon
of the Krol Group, after which no deposition of either

other Krol member or of Tal Formation took place.

The accompanying table (Table No. 3.1) shows the
correlation of the Naini Tal rocks with those of the

Simla area.,

PROBLEM OF AGE

The stratigraphic age of the Blaini- Infra-Krol-

" Krol- Tal sequence of the Krol belt has always been a
subject of controversy, and ever since Oldham (1888)
assigned it an Upper Palaeozoic age, the problem has

been much debated. In the absence of adequate direct
fossil evidences, 1t has been found'rather difficult

to assign proper age to this important stratal sequence.
The fixation of the age of this roék group has been
attempted by a number of workers during the past 80 years,
and mainly the following two criteria have been taken

into consideration in this respect:



{utug.reoun
uoTlysod) erels

|

C T1esoyg 3o dexy ﬁﬁ ! " oFuas qeyrieN pug euwoqsawYI TIVYUS ofvys 38YuRSeN
L R R >. . v ‘r Bpeq ugasam (0)
T [ mvwn dxep nog ¥ ©036 SegyzlIEN
N astosasaimgns ) ous. douoss NG b il N
puu m.winﬁazv L1984 (+1) QSE mﬂn.moaﬁm (a) Qvarem (uetscusuy ) wmre
N {eesueT) . . e au0q8emyYy ouoysemyy m:«cﬁ i
K nmnevmaa: o:«aoﬁcn (¥11) & - Bt owuﬁseuoﬁ 9)
‘ o ‘soge{s Dt N R ' ‘
,m:aoaaaenaau una axdang (1) ; , . _
T e sa31z34end pue . . :
" 581818 L1118 ‘gejuts B TOXy . BO1}%
sneeovUoqIE) (1T) BvIyuy spuvq e31z3xunb 3148 o19yz3Ienb ~jxenhb-g8o3u s
i o 8e4uis pu? pue soluis unox] YIEM BojuUIS pas s29v1Is
ot segrzgaenh L1qqed  (TIY) SNOSDBYONIB]) I H10.03 GILIOY 15poq 1045 BIF0T 8Ros0BU0qIB) ! TOX~BIFUT
R . ’ - - Samo3SpuRs YOIy
, s - 1-T1 1T 5 6 58D0488WT™
_ waucaa md_«za_ -V Y Toxy o 1ens § Toay xemony 1oy
! X807 pue agoggsmy 4
.o _ mmﬁf.m pol - § i a4 1eI 818ys pay § 5oTX08 geTens pey g yoxy
o oo, s 3 10y
. Awus«m RATSBW ~ O “ g9 toxy auntermiT § M 0 1o
1 gogSemyy OTATIT0 ~ & xaddp d Toxx aniy saressy ) Seu038 T i q 1oxy
Tox) xaddp
- -3 ) 8 8%y { 3 1001
' {*38°7 8eLay) anesqe
- TE] Xesorn
. . . - . 121 - 18y xeddp
' - e o s m oo momommm mowom o= om o o= AQTHAOINOOU] m = v e m w m o e e e o e e o o o
. angaeans snyeqng . snyireqng
=, - agsseg mdﬂmwﬁa teusSeq
N - e > Co ~ ‘ - . - yIne. v,
(owagey =) SYTTEATS Ioseq SYTLIBATS - (eq1eq 3v A1no0) sueyqey
_ | , (e°d ‘szer)
! xogsny ? Sn.m.ﬁ.mgi eaRTIBYG o W WABTId (e2v°d‘veet) aepny
, 8eJ® I8} Inyey 5 /wexw xeyg viediy goxe wINYS VOIR VILIHEUD-Y (WIS

J




(i) The contention that the Blaini boulder beds
are glacial and equivalent to the Talchirs of

south India.,

(i1) The discovery of fossil remains in Infra-Krols,

Krols and Tals.

Oldhaem (1888) was the first worker to correlate the
Blainis with Talchirs. On the other hand, Holland (1908)
correlated these rocks of the Lesser Himalayas with rocks
of the Peninsula including Vindhyans, and considered them
of Pre~Cambrian or Cambrian age. He suggested that the
Bl aini Boulder bed marked an unconformity between Pre-
Cambrians and Cambrians. Practically at the same time,
Hayden (1907-8) correlated Blainis with Spiti Beds, and
contended that the Spiti shales were non-glacial and much
younger than the Talchir Boulder Bed considered t0 be of

Upper Carboniferous age.

Dasgupta and Vredenburg (1918) noted the occurrence

of Upper Palaeozolec brachiopod Chonetes from the Krols

of Solon area near Simla, Dasgupta (1929) therefore

102

suggested an Upper Palaeozoic age to the entire Krol group.

Subsequent work by Hayden (1919) and Auden (1932) regarding

this fossil find, revealed that the rocks under question
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were in faot Lower Tertiary marine formations, and Auden
opined that the reference to Chonetes was erroneous, and

a cagse of misidentification of a Subathu Oyster.

The large limestone inliers of Jammu, have often
been referred to as of Permo~carboniferous age (Mbdlicott,
1876; Wadia, 1928, 1937). Fermor (1931) established that
the Infra-Trias Sirban limestones of Hazara were identical
to those of the Krol series, A close resemblance between
the Krol limestone, Permo-carboniferous limestone ef Jammu

and that of Hazara, has been observed.

Pilgrim and West (1928) considered that the Krol
Group could be of Upper Palaeozoic to Mesozoic ¥8 age.
They did not think that the sequence was Pre-cambrian as
guggested earlier by Holland. Auden (1932) was not very
certain but thought the Krols to be Permian to Mesozoic,
on the basis of the Blaini Boulder Beds being of Uralian
(Upper Carboniferous) age. In his subsequent paper on
the Krol belt, Auden (1934) suggested Blainis and Infra-
Krols to be of Upper Carboniferous while the Krols and
Tals were equaited with Permo-Carboniferous, and Jurassic

aind Cretaceous respectively.

Boileau (1954) on the other hand included Krol

formation with the Shali and Dharmaskot 1limestones and



correlated them with the upper part of Vindhyans. Thus,
he doubtfully, suggested an Ordovician to Devonian age

t0 the Krol series.

In the course of last 20 years, numerous workers
have succeeded in obtaining microfossil evidences from
Tal, Krol and Infra-Krol formations, and their findings
have thrown much light on this complex problem of age.
Sitholey et al. (1954) and Liakhanpal et al. (1968) have
reported the occurrence of plant microfossils from the
Infra-Krol carbonaceous slates of Naini Tal area, and
according to these workers, the assemblage indicates
affinity to the microfossil fauna from the Permo~Carboni-
ferous Gondwana rocks, Ghosh and Srivastava (1962) on
the basis of the occurrence of certain fossil spores in
the Infra~Krols, Krols and Tals near MussWrie in Garhwal ,

have assigned a Triassic age to Krol formation.

Bhargava and Srikautia (1967) have also suggested
that the Krols must be of Mesozoic age. They have arrived
at this conclusion on the basis of a precise and detailed

mapping.

More recently, Shah et al. (1968) have published .

another paper on the palynological assemblage from the
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Infra-Krol carbonaceous slates of the Naini Tal area.
These have reiterated the earlier views of Sitholey et al.
(1954) and Lakbanpal et al. (1968), and suggested that
the dominance of non-striate bisaccate pollen in these
rocks, points to the lowermost part of the Triassic. In
the same year, Tewari and Ratesh (1968) reported bryozoan
and foraminiferal fossils from the Upper Tals of Garhwal.
On the basis of these fossils, they suggested a Lower
Cretaceous age to the Tal formation, and accordingly
considered the Krols underiying "with the intervening

small unconformity® to be as young as Jurassic,

Bhattacharya and Niyogi (1971) have more or less
accepted the Upper Palaeozoic to Jurassic age for the
Blaini-Krol sequence originally suggested by Auden (1934).
They have written (op.eit.,p.200), "The Krols because
of their normal sedimentary occurrence over the supposedly
U. Carboniferous Blainis, were thought to represent the
Permian and the Triassic by earlier workers. ~Lthough the
glacial origin of the Blainl boulder beds and their
congequent correlation with the Talchirs can be challenged,
a probable U. Palaeozoic to Jurassic age for the Blaini-
Krol sequence is sgtill suggested by recent finds of animal
fosgils and spores in the south-east extension of this

belt."
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In the most é%cent work on the Krol belt, Bhargava
{(1972) has also mgintained that the Krol group is Permo-
Carboniferous to Lower Cretaceous, He has consgidered
the Blainl formation io be of glacio-marine origin, having
been deposited at the time of the Talchir glaciation.

He has assighed Blainis an Upper Carboniferous age. Taking
into account the views of previous workers ;n microfossiis,
Bhargava has suggested the following ages for the various

formations of the Krol Group:-

—— — -

Ages Formations

Lower Cretaceous

to Tal
Jurassic
Triassic Krol A,B,C,D and E
Permian Infra-Krol
Permo-Carboniferous Blaini’

The Krol group rocks of the study area which have
been quite satisfactorily correlated with the other
areas, could also be considered as representing an almost
unbroken ﬁepositional sequence that started in the Permo-
Carboniferous (or Upper Carboniferous) period and came

to a close either in Triassic or Jurassic.



