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ABSTRACT

Sixty-nine samples were collected from the traverse taken along the Rajpur-Mussoorie
Mule Track. This traverse has the sequence of Chandpur, Nagthat, Blaini, Infra-Krol, Krols A,
B, C, D and E and Tal formations. Samples from Chandpur, Nagthat, Blaini and Krols B, Cand
E proved unfosgiliferous.

Due to the absence of angiospermic pollen grains and presence of schizaeaceous spore which
extends up to the Jurassics, Tals are indicative as equivalent to Jurassic age. Krol beds with
Monolete and Trilete spores belonging to leptosporangiate filicales and coniferous pollen and
without any angiospermic pollen are indicative of post-Paleozoic age and pre-Cretaceous. With
these spores and pollen having striking affinities with Triassic forms, the age of Krol beds may
be Triassic. :

INTRODUCTION

Medlicott (1864) was the first to make observations on the pre-Tertiary
rocks in the Himalayan region. Since then various geologists worked in this
area but the most explanatory and detailed work was left for Auden (1934).
As no megafossil of diagnostic value could be recovered from the Tals and
Krols, their age could not be confirmed. Pilgrim and West (1925) first
correlated the Krol sandstone, Infra-Krol beds, Blaini limestone and conglom-
erate to Lower Gondwana age. Auden (1934) gave a complete stratigraphi-
cal sequence of formations in Simla-Chakrata hills and attributed Permo-
Carboniferous as the possible age of Krol Series. Later, Auden (1937) revised
his opinion and suggested ‘Permo-Triassic age to the Krol beds, and Jurassic
to Cretaceous for Tals in Garhwal area. :

Lured by the possibilities of recovering megafossils which may throw
light on the possible age, many geological, palaeontological and palaeo-
botanical parties surveyed the areas from time to time without any fruitful
results. The cause of the unfossiliferous mature of the Krols is stated by
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1 Paper under the same title communicated to the Geology and Geography Section of the
" 48th Segsion of the Indian Science Congress held at Roorkee in 1961.
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which they work,
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Das Gupta (1928). He writes ‘ Sir Thomas Holland is inclined to hold that
metasomatic replacement of lime by magnesia in the case of Purana limestone
may be one of the causes of the absence of undoubted organic remains in
them. A case of an almost complete obliteration of all organic remains by
means of dolomitizafion has been reported from the plateau limestone of
Burma by La Touche, while a similar case of obliteration of all traces of
organism has been recognized by Howchin, who has given a short account
of the opinions held regarding the origin of unfossiliferous limestone and in it
reference has been made to the chemical precipitation theory of Daly, the
Calcareous algae theory and that of dolomitization. To these may be added
the theory of Brooks which as described by Daly involves “ the long postpone-,
ment of the sea-bottom” (the photobathic zone of the sea) by the primitive
animals and the suggestion of MacGregor that Pre-Cambrian limestone was
precipitate obtained from a saturated solution of bicarbonate and hence it is
unfossiliferous. The dolomitic nature of many of the Purana rocks and the
presence of Cryptozoin-like bodies in some of them are quite in agreement
with some of the theories mentioned above.’

Sitholey, Sah and Dube (1954) made an attempt to get plant microfossils
from the Krols. They had collected a carbonaceous shale associated with
these beds near Nainital-on the Kathgodam-Almora Motor Road and were
successful in recovering fragments of coniferous wood showing well-preserved
pits, two-winged spores and spores with triradiate mark. According to them,
these types have closer resemblance with the Gondwana microflora. The
work was continued and Lakhanpal, Sah and Dube (1958) recovered a good
assemblage of spores, pollen grains, cuticular and wood fragments which led
them to conclude that the Infra-Krols and Krols are of Permian age.* Ac-
cording to the same authors, range of some of the common species is from
Permian to Triassic.

Though the age of the Krol belt could not be settled on firm grounds by
definite floral or faunal evidence, even then general conception prevailed that
these beds belong to Permo-Carboniferous or Permo-Triassic age (Auden
1937). While describing the geology of Krol belt, Krishnan (1956) has given
a conjectural statement on the age of these beds. A%tcording to him: ‘The
Blainis may be roughly correlated with the Permo-Carboniferous and the
Infra-Krol and Krol beds with the Permian.” Wadia (1957) has also observed
that ‘Over pink coloured dolomitic limestone comes thick series of carbo-
naceous shaly slates with brown quartzite parting the Infra-Krol series—

* It is not certain whether the carbonaceous shales from Brewery, near Nainital, and studied
by these authors are from Krols or Infra-Krols. In aletter to the senior author Dr. Sitholey has
also shown his doubts. Dr. Sitholey is of the view that at present the sample can only be said
aa of Krol Series. Middlemiss (1885) mentioned the shales near Brewery on Kathgodam-Almora
Road as belonging to the Infra-Krols.
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which have been provisionally correlated with the Gondwanas of the Peningula.
A few microfossils believed to be of Lower Gondwana affinities have been
found in black shales associated with these beds.” *

The present study is based on the samples collected by a party of Oil
and Natural Gas Commission from Rajpur-Mussoorie Mule Track in December,
1959.

The Rajpur-Mussoorie traverse has the sequence of Chandpur, Nagthat,
Blaini, Infra-Krol and Krols A, B, C, D and E'and Tals. The samples
collected from Chandpur, Nagthat and Blainis turned out to be barren. A
brief lithological description applicable in general to Infra-Krol and Krols is

.given below:

TaBLE 1

Table showing lithological description and thickness of Krol and Infra-Krol
Jormations in Bajpur-Mussoorie traverse

Formations | Thickness in feet Lithological description

Upper Krol E 1,240 Banded grey and pale cream
microcrystalline  dolomite
with fine crinkled sutures of
calcite and segregation of
dolomite rhombs. Also
pseudocoralline structures,

Krol D 4,230 Alternation of limestone,
dolomitic limestone and
shales. Few  sandstone
bands and dark crypto-
crystalline, vuggy dolomitic
bands are present.

Krol C 630 Massive dark blue erystalline
silty limestone.

Middle Krol B 240 Thinly laminated purple and
red shale with thin dolomite
bands.

Lower Krol A 1,040 Alternations of limestone
and green shale,

Infra-Krol 230 Thinly laminated dark shales
and slates with white en-
crustations.

The total thickness of the Krol Series in Rajpur-Mussoorie traverse is
7,610 feet.

* In a letter to the senior author Dr. Wadia mentioned that he received this information
from workgrs of the Sahni Institute at Lucknow,
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Krishnan (1959) has also given lithological description of Krol and Infra-
Krol beds. He has called Krol A stage as Lower Krol limestone followed by
Krol B and Upper Krol limestone which includes Krols C, D and E.

MATERIAL AND METHOD

Sixty-nine samples were collected from Tal, Krols, Infra-Krol, Blaini,
Nagthat and Chandpur formations. After the removal of the carbonates by
treating it with hydrochloric acid, the material was macerated with nitric
acid. The macerated material was washed several times to remove acid and
microfossils were separated by floating them in the ‘ heavy liquid ’ of 23 sp. gr.
The recovered material was mounted in glycerine jelly. Most of them were
repeated by giving hydrofluoric acid treatment also. All the samples were
examined but only a few shales belonging to Tal, Krol and Infra-Krol were
fossiliferous and the others proved barren.

The microfossils recovered from various horizons of the Krols are described
and their bearing on geological time-scale discussed.

DEscrIPTION

The types recovered are of two major groups of plants, viz. Pteri-
dophytes and Gymnosperms. Pteridophytic spores are recovered from the
samples associated with the beds of Tal, Krols and Infra-Krol. These spores
are mainly of three types: (1) Striated spore having affinities with
Schizaeaceae family recovered from Tals (Text-fig. 1; P1. V1I, fig. 1); (2) Mono-
letes, whose affinities can be well attributed to the leptosporangiate ferns
resembling Polypodiaceae family and are mainly restricted in Krol D (Text-
figs: 2, 3; PL. VII, figs. 2-5); (3) Trilete spores having characters similar to
those of Selaginellaceae spores. These are present in Krol and Infra-Krol
(Text-fig. 4; P1. VII, figs. 6, 7; PL. VIII, figs. 20-22). Gymnospermous pollen
grains are of two types (@) Disaccates-Pinus type (Text-fig. 7; P1. VIIL, figs. 18,
19) and (b) Trisaccates (Text-fig. 6; Pl. VII, fig. 8). Both these types are
recovered in Krol formation only.

Apart from the above types mentioned, a few Monoletes, Triletes and
wood fragments whose affinities could not be ascertained are also recovered
(Text-fig. 5; PL VII, figs. 9-13; P1. VI1I, figs. 14-17).

A brief morphological description of the types recovered in various
horizons is given below:

TaL

Type : Striate, 87-5 X 47-b u, shape prolate, exine thin, wavy, tegillate, all
over the body striations present, more conspicuous in the centre than towards
the poles (Text-fig. 1; PL. VII, fig. 1).

Affinity : Family Schizaeaceae.
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Texr-F108. 1-7

(Magnification 900 X )
(A ffinities are given in brackets) . . o
1. Striated spore (Schizaeacese family). 2, 8. Monblete spores (Polypodiaceae family).
4. Trilete spore (Selaginella type). 5. Trilete spore (Indeterminate), . 8,  Trisacoste {Poto.
sporites). 7. Disaccate (Péinus),



(AHOSH & SRIVASTAVA, Proe. Nat. Inst. Sei. India. Vol. 28, A, Plate VI,

(Magnification of ligure 8—600 x ., all others 400 X))
(Affinities nre given in brackets)
1. Striated spore (Schizacaceae family), 2-5. Monolete spores (Polypodiacene family),
6, 7. Trilete spore (Selaginelle type). 8. Trisaccate (Dedosporites type). 9. Trilete spare
{Indeterminate), 10, 11, Monolete spores (Indeterminate). 12, 18, Wood frugments {(Inde.
terminate).



GHOSH & SRIVASTAVA, Proc. Nat. Inst. Sci. India. Vol. 28, A. Plate VIII.

(Magnification of figures 18, 19 and 21-—600 x, all others 900 X )
(A ffinities are given in brackets)
14-17, Wood fragments (Indeterminate). 18.19. Disaceate (Pinug).  20-22. Triletes
(Selaginella type).
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Kror D

Type: Monolete, 52-5X 35-0 u, bean-shaped, exine double-layered, outer
layer like irregular crest and thick (about 2-5 ), inner layer thin and regular,
made of baculae, reticulations of medium size (Text-fig. 2; PL. VII, fig. 2).

Affinity : Family Polypodiaceae.

Type: Monolete, 50-55%30 p, bean-shaped, exine double-layered and
thick, outer layer thicker than the inner one, large reticulations (faint) (Text-
fig. 3; PL VII, figs. 3, 4).

Affinity - Family Polypodiaceae.

Type: Monolete, 42-5X 27-5 u, bean-shaped, exine thin and psilate, faint
reticulations present (P1. VII, fig. 5).

Affinity : Family Polypodiaceae. .

Type : Trilete, 35 u, triangular with rounded corners, exine double-layered,
both the layers are of almost equal thickness, scabrate, reticulations quite
conspicuous (Text-fig. 4; Pl. VII, figs. 6, 7).

Affinity : Family Selaginellaceae.

Type: Trisaccate, body L X B~-57-5X 45-0 p, wing 1—42:5 X 17-5 p, wing
2—45x20 u, wing 3—25%25 p, body and wing 75 p, shape of body
subprolate, exine wavy and double-layered, tegillate, both the layers are of
almost equal thickness, very small granulations on the body, reticulations on
the wing are also small (Text-fig. 6; P1. VII, fig. 8).

Affinity : Podosporites (Family Podocarpaceae).

A few more Triletes (Pl. VII, fig. 9), Monoletes (Pl. VII, figs. 10, 11) and

woody fragments (Pl. VII, figs. 12, 13; PL. VIII, figs. 14-17) Whose affinities
could not be established are also recorded.

Kror A

Type : Disaccate body 55:0x 52+5 p, wings 50-0X 37-5 p, body and wings
80 u, body granulated, wings have very small reticulations (Text-fig. 7;
Pl. VIII, figs. 18, 19).

Affinity : Pinus (Family Pinaceae).

Type: Trilete 32:0-37-5 p, triangular with rounded corners, letes long

(16 u), exine double-layered, sca.brate rounded reticulations all over the
body (P1. VIII, figs. 20, 21).

Affinity : Selagmellaceae.

InFrA-KROL

Trilete spores similar to those recovered in Krol A with the affinities of
Selaginella are found (P1. VIII, fig. 22).
3
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Discussion

Out of the samples collected from Tal formations, one sample yielded
spore which can be compared with Schizaeaceae type. Such schizaeaceous
types extend up to the Jurassics. This evidence coupled with the fact that
there is a complete lack of angiospermous flora suggests the possible age for
Tals may be Jurassic.

Krols A and D have yielded pteridophytic spores and coniferous (di-
saccate and trisaccate types) pollen grains. Pteridophytic spores whose
characters closely resemble the leptosporangiate ferns (Polypodiaceae family)
show striking affinities with a few forms reported from the Triassic age from
various parts of the world. Trisaccate grain recovered from Krol is of special
interest. Earlier also such grains have been reported from various horizons of
India. Virkki (1945) recorded three-winged spores from Lower Gondwana
while Rao (1943) has observed the Podosporites tripakshi Rao from the
Jurassics of Rajmahal Hills. The disaccate pollen grains recovered in Krols
have close affinities with the Pinus types while those of trisaccate pollen
grains bear an affinity with Podosporites type. According to Nathorst, pines
flourished in the Triassics (Coulter and Chamberlain 1955). Also in Triassic
times, we sparingly get fossilifercus horizons due to prevalent arid climate
and unsuitable conditions of preservation in those times (Jones 1956). Thus
the acute paucity of the microflora in the samples examined also suggests the
probability of the deposition of Krol beds during such times.

Palynological data on Triassics of India are very meagre excepting a few
forms met with in the Triassics of the Salt Range (Pakistan). Sitholey (1943)
hasrecorded Triletes and Saccate forms from the Triassics of the Salt Range but
they are merely casts, hence the exine morphology is not clear and could not
be compared in detail. In general consideration, Krols as well as Triassics of the
Salt Range have both yielded Triletes, Monoletes and Disaccates. Scanty
yields of fossils which are identified as pteridophytic spores and a few coni-
ferous pollen grains lead to the conclusion that Krols belong to the Triassic
age.

From Infra-Krol a few Triletes have been observed which are com-
parable with the Selaginellaceous types. Selaginellaceae originated since the
Carboniferous age and was well represented in Permian, hence the possible
age of the Infra-Krol beds may be taken as Permian.
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