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INTRODUCTION.

The investigation of the fossil microflora has attained considerable importance
in recent years and much work has been turned out on this subject in Europe and
America. In India work has been done on the fossil microflora by Virkki (1946),
Wodehouse (19351), Ghosh and Sen (1948), Sahni, Sitholey, and Puri (1947), and Sahni
(1941). Sahni, Sitholey and Puri (1947) have described the microflora from the
Tertiary beds of Assam series. Ghosh (1941) studied remains from Tertiary rocks
of Assam, Rao and Vimal (1950) from Palana Lignite, Eocene, Bikaner, and Sen
(1948) from Assam coalfields.

The fossil cherts from the Mohgaon-Kalan beds were investigated by me for
their microfiora and were found to be so rich in the organic remains that every
drop of the maceration fluid brought with it on the slide some new type. In the
first maceration, some fungal fructifications, bits of sclerenchymatous tissues,
hairs, fungal hyphae, four celled spores of Thallophyta, masses of spores, etc.
(Chitaley, 1950), were discovered. During the present investigation different kinds
of spores, pollen grains and some other organic micro-remains were discovered,
which are described in this paper. The material came from the Deccan Inter-
trappean beds exposed near the village Mohgaon-Kalan, Chhindwara district,
Madhya Pradesh, India, probably of Eocene age.

TECHNIQUE.

Some of the promising pieces of cherts were first macerated with Schultze’s
maceration fluid (HNOg and KClOg), but the treatment was found to be un-
successful. Hydrofiuoric acid was next tried and it macerated the rock easily.
The slides were prepared taking every care not to allow any foreign matter or
atmospheric ingredients to enter. For preparing the permanent mounts glycerine
jelly (Wilson, 1946), was found to be unsatisfactory. In the absence of euparal
and diaphane, the permanent preparations were made in canada balsam.

Classification and Nomenclature of the Spores.

At the meeting of the palaeobotanists working in India, held under the auspices
of the Palaeobotanical Society at the Imstitute of Palaeobotany, Lucknow, in
January, 1949 (Science and Culture, 14, 463-465, 1949), ip was decided to adopt a
system of classification of spores and pollen grains on the lines adopted by Naumova
{(1937). In the absence of the availability of N aumovais detailed hteratu_re, T have
adopted the provisional classification as well as terminology, recently introduced
by G. Erdtman (1947) as it is found to be most convenient. An attempt has been
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made to give a detailed description of the microfiora studied. Some of the spores
and pollen grains have been also compared with recent types.

DESCRIPTION.

Spores of Pteridophyta.

Five different types of spores have so far been observed. It is rather difficult
to identify the particular spore, as the same type may belong to different genera,
or one genus may have different types of spores (Knox, 1938; and Selling, 1946).
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TEXT FIGURES]1-5. Pteridophytic spores. x Ca. 1200,
Fia. 1. Alites spm.
Fi1a. 2. Monolites spm.
F1a. 3, Trilites apm.
Fie. 4. Trilites spm.
F1a. 5. Tridites spm.

ALITES (Erdtman, 1947).

Alites spm. (Pl XIII, fig. 1; text fig. 1)—Spore spheroidal, tetrad scar absent; wall
of the spore thin and smooth ; matrix granular; size 30u.
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MONOLITES (Erdtman, 1947).

Monolites Spm. (Pl. X111, fig. 2; text-fig. 2).—Spore concavo-convex, monolete,
aperinate, exposed in the lateral view; wall smooth and thin; 32p x24p.
Monolete spores are generally found in Polypodiaceae. This specimen looks
like a naked spore without a perine, showing similarity to a polypodiaceous
spore. Some of the spores of Gleicheniaceae also resemble the present specimen
(Knox, 1938).

TRILITES (Erdtman, 1947).

Trilites spm. (Pl. X111, fig. 3; text fig. 3).—Trilete, triangular with rounded angles
and fairly straight sides; matrix granular, 28u.

Trilites spm. (Pl X111, fig. 4; text-fig. 4).—Trilete, subtriangular with convex sides;
tetrad scar by prominent ridges extending and narrowing down to the periphery;
wall of the spore slightly thick and smooth, 39-5u x 32p.

Vrilites spm. (PL XIII, fig. 5; text-fig. 5).—Trilete, spheroidal to elliptical; tetrad
mark prominent; wall of the spore smooth or slightly granular, thin, 24u x 20x.

Pollen grains of Spermatophyta.

GYMNOSPERMAE.

Pollen grains of gymnosperms are very rare; only two of them have heen observed
so far,

7

TeXT-FIGURES 6 and 7. Gymnospermous spores. X Ca. 1200.
F1a. 8. Monosaccites spm.
F1e. 7. Disaccites spm.,

Monosaccites spm. (Pl XIII, fig. 6; text-fig. 6).—One-winged grain, wing broad
bladder-like, torn on one side; body sub-triangular to spheroidal; whole grain
24p x 20p; body, 12p x12u.

Disaccites spm. (Pl XIII, fig. 7; text-fig. 7).—Two-winged, wings broad, attachment
marginal ; body elliptical; body 24px12u; left wing, 28uXTp; right wing,
24p X bp.

ANGIOSPERMAE.

Pollen grains of angiosperms appear to predominate over all others. They are
very many and belong to different groups. As the age of the bed is Tertiary, there
is no surprise that the angiospermic grains outnumber all other types.
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MONOCOTYLEDONEAE.

Monoporites (Graminidites) minor, (text-fig. 8).—The grains are small, elliptical,
broad at one end and narrow at the other; pore single surrounded by a rim
approximately 1-2u in width; exine thin and smooth; length 21-5u.

The monoporites grains with a distinct poral rim are characteristic of Gramineae
but according to Erdtman, 1944, they are not restricted to Gramineae alone and
hence the name ‘ Graminidites’ has been used to show only the similarity.

12

TEXT-FIGURES 8-12, Monocotyledonous pollen grains. X Ca. 1200,

Fia. 8. Monoporites (Graminidites) minor.
Fia. 9. Tetrado-Monoporites (Typhidites) spm.
F1a. 10. Monosulcites (Palmidites) minima.
Fra. 11. Monosulcites (Palmidites) media.
F1a. 12. Monosuleites (Palmidites) spinosa.

Tetrado-monoporites (Typhidites) spm. (Pl. XIII, fig. 8; text-fig. 9).—Grains united in
tetrads, three are seen in this view; each one is elliptical to spherical with a
smooth or faintly warty exine; germinal pore single; size of each grain 16p.

Monosulcites (Palmidites) minima, (Pl. XIII, fig. 9; text-fig. 10).—Grain small, mono-
sulcate, spheroidal ; exine smooth, furrow single reaching from end to end; 14-5p X
14:-5u. More or less rounded, monosulcate grains are observed in some palms
by Selling (1947, pp. 334-337). Such type of grains are many in number, also
present in some of the peel sections.

Monosulcites (Palmidites) media, (Pl. X111, fig. 10; text-fig. 11).—Lateral view of a
monosulcate grain, furrow single, invaginating from end to end. This grain
is almost similar to the above grain, ‘Monosulcites minima’ but larger in size,
with a long furrow, 164 X 164.
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Monosulcites (Palmidites) spinosa. (Pl. XIII, fig. 11; text-fig. 12).—Grain com-
paratively large, elliptical or boat-shaped, sulcus single going from end to end,
with thick spiny ridges; exine spiny, spines short, 36u X 24.

As, many palm stems and roots have been discovered from the same bed (Rode,
1933), from where the Cherts for maceration were collected, there is every possibility
that all the above three types of monosulcate grains described, belong to the same
family Palmaceae. Still the name Palmidites is maintained which implies similarity
alone, of the above grains to those of palms.

DICOTYLEDONEAE.

Monosulcites spm. (Pl XTI, fig. 12; text-fig. 13).—Grain monosulcate, elongated or
elliptical ; furrow wide and long; 32 x 24pu.
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TexXT-FIGURES 13-19. Dicotyledonous pollen grains. X Ca. 1200.

Fi1a. 13. Monogulcites spm.

Fia. 14, Tricolpites (Rhamnacidites) spm.
Fia. 16. Tricolpites spm.

F1a. 16. Tricolpites spm.

F1a. 17. Tricolporites (Myrtacidites) spm.
F1a. 18. Tricolporites spm.

Fia. 19. Tricolporites spm.

Tricolpites (Rhamnacidites) spm. (Pl. XIII, fig. 13A; text-fig. 14).—Grain small;
tricolpate, triangular in the polar view with three short, broad furrows; exine
psilate and thick; germinal pores not distinct. The walls of the three colpse
are straight or slightly concave; polar view, 20pu.

Tricolpites spm. (Pl. XIII, fig. 13B; text-fig. 15).-—Grain tricolpate, subtriangular;
furrows deep; exine not very thick, psilate; germinal pores indistinct, polar
view, 17-5u.

Tricolpites spm. (Pl XIII, fig. 14; text-fig. 16).—Grain tricolpate, subtriangular;
furrows short; matrix of the grain granular; exine thin and psilate; polar view;
size 21-5u.

Tricolporites l(‘.Myrtaoiditea) spm. (Pl XIII, fig. 15; text-fig. 17).—Grain small, tri-
colporate, subtriangular in the polar view; furrow deep; exine not very thick,
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TexT-FI@8. 20~28. Dicotyledonous pollen grains. xCa. 1200,
Fr1a. 20, Tricolporites (Rosacidites) spm.
Fra. 21.  Tricolporites spm.
Fra. 22, Triorites (Betulacidites) spm.
%“:G. 33. gn'on'tes (Betulacidstes) spm.

@. 24,  Triorites (Lythracidites) spm.

F1a. 26. A piece of cutiole with sinuous walled cells.
Fi1a. 26. A unicellular hair,
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psilate; germinal pores three, one at each angle, each crossed by a transverse
endexinous membrane; polar view, 17-5u.

Tricolporites spm. (Pl X1V, fig. 16; text-fig. 18).—Tricolporate grain, subtriangular;
exine thick, psilate; sides of the colpae somewhat straight; furrows more or
less deep, each with a germinal pore; polar view, 18u.

Tricolporites spm. (Pl XIV, fig. 17; text-fig. 19).—Graintricolporate, subtriangular;
furrows short ; germinal pore indistinct; walls of the three colpae slightly convex;
exine thick, psilate. Polar view, 20u. This grain differs from the previous
one in the larger size, shorter furrows, walls of the colpae being convex, and the
pores being indistinct.

Tricolporites (Rosacidites) spm. (Pl. XIV, fig. 18; text-fig. 20).—Grain tricolporate,
equatorial view exposed, slightly flattened, the furrow extending almost from
end to end surrounded by a thick ridge, germinal pores present; exine of the
grain thin and psilatus; 22u x17:5p.

Tricolporites (Rosacidites) spm. (Pl XIV, fig. 19).—Grain tricolporate, spherical,
equatorial view exposed; furrows extending from end to end, germinal pores
very prominent, exine thick and psilatus; 20 x17u.

Tricolporites spm. (Pl. X1V, fig. 20; text-fig. 21).—Tricolporate grain, somewhat
spheroidal, furrows with prominent germinal pores; furrows quite long;
equatorial view; 26p X 24pu.

Triorites (Betulacidites) spm. (Pl. XIV, fig. 21; text-fig. 22).—Grain subtriangular to
spheroidal in polar view; arci sharp; germinal pores three, each one represented
by an elliptical prominent bulge of the intine; texture of the general surface of
the exine smooth. This grain resembles very much a grain of Betulaceae
described by Kirchheimer (1932); size 22-5pu.

T'riorites (Betulacidites) spm. (Pl. X1V, fig. 22; text-fig. 23).—Grain triorate, oblique
view, approximately triangular. In polar view more or less angular owing to
the aspidate pores; pores three; exine faintly reticulate; Possibly belongs to
Betulaceae—DBetula. (Erdtman 1943, p. 72); size 28pu.

Triorites (Lythracidites) spm. (Pl XIV, fig. 28A; text-fig. 24)—Grain triorate,
triangular, germinal pores outstanding; texture of the grain psilatus; polar
view, 22-5u. Such type of grains are also found in the longitudinal section of
the flower, Sahnianthus, which is shown to have a Lythraceous affinity. (PL
XITV, fig. 23B).

Porites spm. (Pl XIV, fig. 24).—Grains spheroidal, porate with a great sculpturing
of ridges and lacunae; the ridges are without spines; size 92u. These grains
show much resemblance to those of Barnadesia in the tribe Mutisieae from the
Compositae family, (Wodehouse 19352, p. 468).

OrHER ORGANIC MICRO-REMAINS.
Plant Cuticles.

Fragments of cuticles are abundant, but two of them are found to be quite
illustrative. One of them is a small piece of cuticle, possibly of dicotyledonous
or gymnospermic leaves, cells short, with slightly sinuous walls; stomata absent;
(PL. X1V, fig. 25; text-fig. 25).

The other piece of cuticle belongs to a leaf, with well-preserved stomata; the-
cells are elongated and with sinuous walls; stomata are dumbell-shaped. This
character of the dumbell-shaped stomata (Pl. X1V, fig. 26) with the sinuous walled,
elongated cells implies the resemblance of this type of cuticle to that of a Gramineae.
(Pls. XIV and XV, figs. 26 and 27).
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ErioErMAL OUTGROWTHS,

Epidermal outgrowths are found in the form of many hairs of different lengths
and different types. (Pl. XV, fig. 28). Some of them are also found to be attached
to cuticles. (Pl. XV, fig. 27.) Out of all these one is found to be rather interesting
in that it is unicellular with a pointed apex. (Pl XV, fig. 29; text-fig. 26).

Fi1a. 27. A bit of vascular elements with spiral thickening on walls. xCa. 1200.
F1a. 28. A bit of vagcular elements with bordered pits on the walls. x Ca. 1200.

VaASCULAR ELEMENTS,

» A bit of two vascular elements with spiral thickening on the walls (Pl XV,
fig. 30; text-fig, 27). Another bit of two vascular elements with bordered pits on the
radial walls. The pore of the pit is oblique (Pl. XV, fig. 31, text-fig. 28).
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DiscussioN.

In India, the Tertiary microflora has not been worked out thoroughly. The
Tertiary microflora of the Madhya Pradesh particularly is practically untouched. This
paper deals with the description for the first time of the microflora from the Mohgaon-
Kalan beds. The age of the beds is no doubt Tertiary (Sahni 1934, Sahni and Rode
1937), and according to the late Prof. Sahni (1940), it is early Tertiary and most
probably Eocene. The present observations on the microflora so far, have been
found to support this view. Some of the tricolpate pollen grains described in this
paper resemble those of Lythraceae, Myrtaceae, Rosaceae, Rhamnaceae, Betulaceae,
and Compositae; also pollen grains similar to those of Gramineae, Palmae, and
Typhaceae have been observed. From the same bed palm stems and roots were
described previously by Rode (1933), Enigmocarpon fruits by Sahni (1943), and
Saknianthus, a flower genus, by Shukla (1944). The last two have Lythraceous
affinities. A dicotyledonous wood had been discovered from the same bed by
Rode in 1936. Hence one should not be at all surprised if the pollen grains be-
longing to the megaflora already described are obtained during the investigation of
the microflora of the same bed. The abundance of the angiospermic pollen grains
as also the occurrence of a leaf cuticle with dumbell-shaped stomata is notable.
From this it can be confidently suggested that further investigation of the microflora
from these beds and its correlation with that of the other beds of Eocene age, will

show that the Intertrappean series exposed near Mohgaon-Kalan are most probably
of Eocene age.
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SUMMARY. -

This paper deals with the fossil Microflora from the Tertiary beds of the Madhya Predesh,
exposed near village Mohgaon-Kalan in the Chhindwara district.

Description of twenty-six different kinds of spores and pollen grains is given in the first
part of the paper. Qut of these, five types of spores belong to pteridophytes, two to gymnosperms, .
and the rest to angiosperms.

In the next part, are recorded two types of vascular elements, one with bordered pits on
the wall, and another with spiral thickening; a unicellular hair with pointed end; a piece of leaf
cuticle with short sinuous walled cells; another piece of cuticle probably of Gramineae, with
sinuous walled, elongated cells and dumbell-shaped stomata; and a few epidermal outgrowths
of unijcellular pointed hairs,

Pollen grains showing the closest resemblance to those of Lythraceas, Myrtaceae, Palmaceae,
Rosaceae, etc, are identified and it is suggested that further investigation of the microflora
from these beds will in all probability corroborate the late Prof. Sahni’s view that they are of
Eocene age,

REFEBENCES.

Chitaley, 8. D. (1950). Microflora of the Deccan Intertrappean cherts. Palaeobotany tn India,
No. 7, Journ, Ind. Bot. Soc., 29, 30.

Erdtman, G. (1943). An Introduction to Pollen Analysis. Waltham, Mass., U.S.A.

~————————— (1944). Pollen Morphology and Plant Taxonomy. II Svensk. Bot. Tridskr., 38,

143-168.

(1947). Suggestions for the classification of Fossil and Recent Pollen Grains
and Spores. Svensk. Bot. Tridskr., 41, 104-114,

Ghosh, A, K. (1941). Fossil Pollen in the Tertiary rocks of Assam. Set. and Culture, 6, 674,

Ghosh A. XK. and Sen J. (1948). A study of Microfossils and the Correlation of some productive
Coal Seams of the Raniganj Coalfield, Bengal, India. Trans. Min, Qeol. and Metal.
Inaet, of India, 43, 67-95.




382 8. D. CHITALEY: FOSSIL MICROFLORA FROM THE MOHGAON

Kirchheimer, F. (1932). Uber Pollen Aus der jungtertiiren Braunkohle Von Salzhausen
(Oberhessen). Neue Jahrb. Mineralogie, 67, 3056-312.

Knox, E. M. (1938). The Spores of Pteridophyta, with observations. on microspores in coals
of Carboniferous Age. Trans. and Proc. of Bot. Soc. of Edin., 32, 438-466.

Naumova, S. N. (1937). The spores and Pollen of the Coals of U.S.8.R. Absiract XVII, Inter-
national Geol, Conference, U.S.S.R., 60—62,

Rao, A. R. and Vimal K. P. (1950). Plant Microfossils from Palana Lignite Eocene, Bikaner,
Curr. Sei., 19, 77-102,

Rode, K. P, (1933). Petrified palms from the Deccan Intertrappean beds, Quart. Journ, Geol.
Min, and Met. Soc. of India, 5, 105~114,

—am——— (1936). A silicified dicotyledonous wood: Dryoxylon Mohgaoense sp. nov. from the
Deccan Intertrappean Beds of India. Journ. Ind. Bot. Soc., 15, 131-138.

Sahni, B. (1934). The Deccan Traps: are they Cretaceous or Tertiary ? Curr, Sci., 3, 134-136.

(1940). The Deccan Traps: an episode of the Tertiary era. Proc. 27th Ind. Sct.
Cong. Madras, Part I, pp. 1-15.

(1941). The Palaeobotanical correlation of coal seams in India. Proc. Nat. Inst.
Sei. Ind., 6, 3.

(1943). Indian Silicified Plants (2) Enigmocarpon Parijai, a silicified fruit from the
Deccan, with a review of the fossil history of the Lythraceae. Proc. Ind. Aced. Sci.,
B. 17, 27-64,

Sahni, B. and Rode, K. P, (1937). Fossil plants from the Intertrappean beds of Mohgaon-
Kalan in the Deccan, with a sketch of the geology of the Chhindwara district. Pt, I,
Proe. Nat. Acad. Sci. India, 7, 165-74.

Sahni, B., Sitholey R. V. and Puri G. 8. (1947). Correlation of the Tertiary succession in Assam
by means of microfossils. Palaeobotany in India, No. 6, Journ. Ind. Bot. Soc., 26,

_ 262-263,

Selling, O. H. (1946). Studies in Hawaiian Pollen, Part I, B, P, Bishop Mwuseum Hawaii
Special Publication, 37,

(1947). Studies in Hawaiian Pollen, Part II, B, P. Bishop Museum Hawaii
Special Publication, 38,

Sen, J. (1948). Microfossils of Assam Coalfiields—1 the coal seam at Laitryngen and the Age
of the Cherra Sandstone, Bull. Bot. Soc. Bengal, 2, 94-101.

Shukla, V. B. (1944). Sahnianthus, a new genus of petrified flowers from the Intertrappean
Beds at Mohgaon-Kalan in the Deccan and its relations with the fruit Enigmocarpon
Parijai Sahni, from the same locality. Proc. Nat. Acad. Sei. India, B. 14, 1-39,

Virkki, C. (1948). Spores from the Lower (Gondwanas of India and Australia. Proc. Nat. Acad.
Sei. India, 15, 93-176. :

Wilson, L. R. (1946). The correlation of sedimentary rocks by Fossil Spores and Pollen,
Sedimentary Petrology, 16, 110-120.

Wodehouse, R. P. (1935).1 The Pleistocene Pollen of Kashmir., Mem. Conneec. Acad., 9.

e (1935).2  Pollen grains,

-EXPLANATION OF PLATES.

All the figures are from untouched negatives. Unless otherwise specified all
are of microfossils isolated from the Tertiary cherts of the Mohgaon-Kalan beds.
The magnification for all is 700 unless otherwise specified.

pore,

. Monosulcites (Palmidites) minima.—A preparation from a peel saction.

0. Monosulcites (Palmidites) media.—Lateral view of the grain. A preparation from a
peel section.

F1a. 11. Monosuleites (Palmidites) spinosa.—A preparation from a peel section.

Fra. 12. Monosulcites spm.

Fra. 13A. Tricolpites (Rhamnacidites) spm.—Polar view.

Fra. 13B. Tricolpites spm.—Slightly oblique view.

Fra. 14. Tricolpites spm.—Polar view.

F1a. 16. Tricolporites (Myrtacidites) sp.—~—Polar view.

Prame XIIIT.
Fra. 1. Alites spm.—A pteridophytic spore.
Fre. 2. Monolites spm.—Bean shaped.
F1a. 3. Trlites spm.—A pteridophytic spore.
F1a. 4. Trilites spm.—Toetrad scar prominent extending to the periphery.
Fra. 5. Trilites spm.—Tetrad mark prominent.
F1a. 8. Monosaccites spm.—Gymnospermic grain with one wing.
F1e. 7. Disaccites spm.—Gymnospermic grain with two wings.
F16. 8. Tetrado-Monoporites (T'yphidites) spm.—Three grains umnited together. Each with a
9
it
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PraTre XIV,

Fia. 16. Tricolporites spm.—Polar view,

Fi1ac. 17. Tricolporites spm.—Polar view.

F1e. 18, Tricolporites (Rosacidites) spm.—Equatorial view.

F16. 19. Tricolporites (Rosacidites) spm.—Equatorial view. Germinal Pores distinct.
Fia. 20. Tricolporites spm.—Equatorial view.

Fia. 21. Triorites (Betulacidites) spm.—Three germinal pores bulging out.

F1e. 22, Triorites (Betulacidites) spm.—Ezxine reticulate.

Fia. 23A. Triorites (Lythracidites) spm.—

Fig. 23B. Pollen grains from an anther lobe of Sahnianthus. x 225,

Fra. 24. Porites spm.—Photo from a section prepared. X 140.

Fra. 25. A piece of cuticle; cells with short and sinuous walls.

Fi1e. 26. An enlargement of a part from the fig. 27, P1. ITI, showing dumbell-shaped stomata,

PraTe XV,

F1e. 27. A piece of cuticle with epidermal outgrowths attached; cells elongated, with sinuous
walls, x 120, :

F1os. 28 and 29, Epidermal outgrowths.

Fia. 30. A piece of vascular eloments with spiral thickening on the walls.

F16. 31. A bit of two vascular elements with bordered pits on the radial walls,



