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Palynological studies on the ‘gypseous shales’ exposed at Matanomadh-
Chhasra area of Western Kutch, India, were made. The formation could be
divided into two zones. Microflora and Hystrichosphaerids recorded in the
upper zone are described. Flora consists of algae, fungi, pteridophytes,
gymnosperms and angiosperms. Assemblage suggests Middle Focene age
for the sediments. 8ix artificial subgenera of pollen are erected.

INTRODUCTION

No palynological work has so far been published on the Tertiary forma-
tions of Kutch. A detailed systematic sampling of the Jurassic and Tertiary
sediments of Kutch was made by the author in the year 1960 with a view to
getting a picture of the floristic composition in the above-mentioned deposits.

The paper deals with the microfloral study of the upper part of the
gypseous shales exposed at Matanomadh- (23° 32 : 68° 50’) Chhasra (23° 21’ :
68° 48') area (Fig. 1) of Western Kutch.

TERTIARY (GEOLOGY OF KUTcH

Geology of Kutch has been worked out by Wynne (1872), Medlicott and
Blanford (1879), Nuttall (1926), Vredenburg (1925-28), Krishnan (1953),
Wadia (1953) and Poddar (1959).

Wynne (1872) proposed the terms ‘Upper Tertiaries’, ‘Argillaceous
group’, ‘gypseous shales’, and ‘Sub-Nummulitic’ for the subdivisions of
Tertiaries of Kutch. The latest work on the stratigraphy of Kutch is by
Poddar (1959). The stratigraphic sequence of the post-Cretaceous beds in

* Published with permission of the Director, Directorate of Geology, Oil and Natural Gag
Commission, India.

1 Paper read before the Thirteenth Scientific Meeting of the Paleobotanical Society,
Lucknow, on 21st January, 1961, under the heading ‘On the microflora in the gypseous shales
(Eocene) and supra-Trappeans of Kutch’.

1 The views expressed in the paper are those of the author only and not necessarily of the
organization for which he is working.
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the vicinity of the peninsula of Kutch suggested by him is presented in
Table I.
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GEOLOGY OF THE AREA

Approximately 1,300" of Tertiary sediments are exposed in the Matano-
madh-Chhasra area of Kutch. Traps, the oldest formation exposed, are
overlain by supra-Trappeans, constituted by voleanic beds of variegated tuffs,
tuffaceous sandstones and grey and brown fragile shales bearing a good
number of leaf impressions including those of dicotyledonous plants. The
lower part is constituted of red laterites and reworked trap deposits. Supra-
Trappeans are overlain by ‘gypseous shales’ constituted by brown and grey
splintery limonite-coated shales, tuffaceous and bentonitic shales and clays,
containing plant fossils and intercalated with thin gypseous bands.

‘Gypseous shales’ are unconformably overlain by Arenaceous and Argil-
laceous groups of beds.

MATERIAL AND METHOD

The samples were collected mostly at a stratigraphic interval of 5’ except
in few cases where it varies from 1’ to 10’, covering all the beds exposed in
the area. Twenty-five samples were studied from the ‘gypseous shales’ for
the microfossils.
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Tasre I

Stratigraphic sequence of post-Cretaceous beds in the vicinity of the peninsula
of Kutch (after Poddar 1959)

Age Formation Thickness Type of sediments
Pleistocene and Alluvium, Rann 10m + —
Recent and blown
sand, Miliolito
limestone
Pliocene Manchhar series 250 m * Partially marine
...... Unconformity. .....
{’ Argillaceous 300m + - Marine
Miccen beds
AHocehe | Arenaceous 50m * Estuarine
‘. beds
...... Unconformity......
? Oligocene — 10m + Marino
Nummulitic 200m Marine
limestone
Gypseous shale, ete.
Eocene 3
Lateritic clays 30m + Terrestrial
and laterite
Cretaceo-Eoceno Deccan trap 600 m * Volcanie lavas

The material includes brown, grey splintery gypseous, limonite-coated
shales, tuffaceous and bentonitic shales and greenish grey to olive-green clays.

The material was treated with hydrofluoric and nitric acids and then
boiled in KOH for some time. Subsequently the material was enriched of
micro-organisms by floatation technique, the specific gravity of the liquid
being kept at 2-3.

Permanent slides were prepared in glycerine jelly and sealed with vinyl
acetate solution in toluene. 4

CLASSIFICATION AND TERMINOLOGY

The spores and pollen grains are artificially classified on the lines sug-
gested by Hammen (1956a). However, wherever possible, most probable
affinities are indicated.

The terminology used for the description of the grains are adopted mostly
from the works of Erdtman (1943, 1947, 1952).

DESCRIPTIONS

Out of a rich polospore assemblage recovered, thirty-three important
types are described in the present note.
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BoTrYOCOCCUS 8P.
Plate XX, figure 1

Colonies more or less spherical in shape, varying in size. Each colony
with a central cavity surrounded by pear-shaped cells. Individual cells
ca. 8 pin size. Usually a number of colonies seen attached together forming
compound colonies. BoTanNicar A¥FFINITY: The colonies are very similar
to Botryococcus braunti. SIMILAR FORMS: Colonies similar to Bofryococcus
brauwnii have also been reported by Down and Himus (1940) from the Focene
Kohat oil shales, Rao and Misra (1949) from the Eocene (?) Palana lignite of
Bikaner, India, Vimal (195356) from the Kocene Cutch lignite, Western India,
Cookson (1953) from the Tertiary sediments of Australia.

DyaposporiTEs V. d. Ham. 1954
Plate XX, figure 2

Spores broadly elliptical in shape, two-celled, slightly constricted at the.
central division. Exine less than 1 p thick, faintly scabrate. Size of the
individual cells 15 p X 14 p. BoTanNicaL AFFINITY: Fungi. SIiMILAR FORMS:
Zweizellige pilzsporen Altehenger (1959), Tab. 3, Fig. 29, Pliocene, Middle
Europe. Teleutosporen Potonié (1960), Tab. 1, Fig. 7, Eocene, Burma.

PsmmamonoLETES V. d. Ham. 1956a
Plate XX, figure 3

Lateral view. Spores heteropolar, bilaterally symmetrical, plano-convex,
monolete, 33-5 u X 22:5 p in size. Lete mark clear, medium size, broad.
Exine 15 p thick, psilate, brownish yellow. BoTaxicaL ArriNiTy: Poly-
podiaceae. SiMiLaR Forms: Monoletes spm. 3 Vimal 1953«, P1. VIII, fig. 2,
Pl IX, fig. 2,.size 50-5 u X 297 p, Miocene, India. Monoletes spm. Chitaley
1951, Pl. XIII, fig. 2, Text-fig. 2, size 32 p X 24 p, ? Kocene, India.
Monoletes habituremosus (Leisch) Potonié (1960), Tab. 1, fig. 14, size 32 p,
Eocene, Burma.

VERRUMONOLETES V. d. Ham, 1956 sp. 1
Plate XX, figure 4

Lateral view. Spores heteropolar, bilaterally symmetrical, plano-convex,
monolete, 36 u X 25 p in size. Lete mark clear, medium size. Exine
2 p thick, densely verrucate, yellowish brown. BorawicaL AFFINITY
Polypodiaceae. The grains are comparable to Anarthropteris dictyopteris
Harris (1955), P1. V, fig. 13, in shape, size and ornamentation. The lete mark
is a little longer in the described grains. SmMILAr Form: Monoletes spm. 1
Ramanujam (1960), Pl. II, fig. 1, Text-fig. 1, size 488 p X 32'5 p, Miocene,
South India.
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VERRUMONOLETES V. d. Ham. 1956a sp. 2
Plate XX, figure 5

Sub-lateral view. Spores heteropolar, bilaterally symmetrical, egg-
shaped, monolete, 40 p X 28 u in size. Lete mark 19 p long. Exine verru-
cate 1 p thick (excluding verrugae), verrugae cu. 3 p high, irregularly distri-
buted, some higher than others, brown. BoTaxNicaL ArrFNITY: Polypo-
diaceae. SIMILAR ForMS: Verrumonoletes wusmensoides Hammen (1956a),
Pl 11, fig. 7, size 40 p X 33 pu, Lower Oligocene, Columbia. Polypodiidites
impariter Potonié and Sah (1958), Pl I, figs. 9 and 10, size 345 p X 475 u,
Upper Tertiary, India, also Potonié (1960), Tab. 1, Figs. 18-19, size 40 x, Eocene,
Burma. Polypodium aff. aureum Mtchedlishvili 1956, Tab. 11, Fig. 8, Middle
Pliocene. Verrucatosporites alienus (Potonié) Kedves (1960), P1. V, figs. 9-12,
Eocene, Hungary.

PsmwATRILETES V. d. Ham. 19565 sp. 1
Plate XX, figure 6

Proximal view. Spores heteropolar, radiosymmetric, amb. triangular,
sides straight to slightly convex, trilete, 31 p in size. Trilete mark clear,
laesurae straight or somewhat sinuous, extending almost to the periphery of
the spore. Exine thin, psilate, brown. BoTaNIcAL AFFINITY: Pteridophyta.

PsmaTRILETES V. d. Ham. 19560 sp. 2
Plate XX, figure 7

Sub-lateral view. Spores heteropolar, radiosymmetric, spheroidal to
triangular with sides convex, apices round, trilete, diameter 40 p: Trilete
mark clear, lagsurae 16 p long. Exine 2-5 p thick, sexine thinner than nexine,
psilate, light brown, shining. A fold-like thickening present near the trilete
mark. BOTANICAL AFFINITY: ? Cyatheaceae. SIMILAR ForMs: Alsophilidites
kerguelensis Cook. Potonié (1960), Tab. 1, Fig. 20, size %0 g, Eocene, Burma.

RETITRILETES Pierce 1961
Plate XX, figure 8

Proximal view. Spores heteropolar, radiosymmetric, amb. triangular
with rounded apices and slightly concave sides, trilete, diameter 42 p. Trilete
mark clear, laesurae extending up to the angles, bordered by distinet lists.
Exine 8 p thick with small reticulations, brown. BOTANICAL AFFINITY:
Pteridophyta.

Disaccrres Cookson 1947 sp. 1
Plate XX, figure 9

Proximal view. Grains bilaterally symmetrical, two-winged, small.
Wings approximately plano-convex with convex side making a sharp angle,
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25 p X 17 p in size, marked with small reticulations. Body elliptical, 30-8
X 22-4 p in size. Exine 2 p thick, very faintly granulate. Total size of the
grain including wings ca. 56 p X ca. 45 p. BOTANICAL AFFINITY: Pinaceac.
REMARKS: Grains are comparable to the micro-grains of Pinus.

Disacorres Cookson 1947 sp. 2
Plate XX, figure 10

Distal view. Grains bilaterally symmetrical, two-winged, large. Wing
contour circular, size 45 p X 31 p with medium size meshed reticulations.
Body size 42 p X 31 p, marginal crest well developed, exine sculpture granulate.
Total size of the grain ca. 61 p X ca. 48 p. BoTANICAL AFFINITY: Pinaceae.
Simipar Form: Cedrus sp. Altehenger (1959), Tab. 4, Fig. 7, Pliocene,
Middle Europe. -

Disaccrres Cookson 1947 sp. 3
Plate XX, figure 11

Distal view. Grains bilaterally symmetrical, two-winged, medium-sized.
Wings smaller than the body, 25 p X 17 p in size, marked with mediun size
reticulations. Body approximately oval, 31 p X 23 u in size, exine ca. 2:5 p
thick, granulate. Total size of the grain 40 p X 25 p. BOTANICAL AFFINITY:
Pinaceae.

Disaccites Cookson 1947 sp. 4
Plate XX, figure 12

Distal view. Graius bilaterally symmetrical, two-winged. Wings smaller
than the body, 42 p X 25 p in size, marked with reticulations, almost
net distinguishable from the general contour of the body. The line of attach-
ment of wings to the body is equal to the diameter of the wings. Body round
to oval 54 p X 48 p in size, exine 2-5 p thick, granulate. Total size of the
grain 56 p X 45 p. BOTANICAL AFFINITY: Pinaceae. Simvivar Fomrm: Picew
sp. ¢ Samiolina (1956), Tab. III, Fig. 1, Oligocene, southern part of Far East.

VERRUMONOCOLPITES Pierce 1961
Plate XX, figure 13

Grains apolar, bilaterally symmetrical, 36 p long, 22 u broad, boat-shaped.
Colpa long and broad running from one end to the other end of the longer
axis. Exine 1-5 p thick, verrucate, yellow. BOTANICAL AFFINITY: Gymno-
spermae. SmMmAR Form: Cycadaceae Schekina (1953), Tab. 6, Fig. 66,
30 p X 18 p, Eocene, Ukraine.
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SCABRAMONOCOLPITES nov. fsubgen.
Plate XX, figure 14

Grains apolar, bilaterally symmetrical, monocolpate, 16 u long, 13 u
broad, boat-shaped, colpa running from one end to the other end of the larger
axis, broad. Exine thin, scabrate, light yellow. BOTANICAL AFFINITY :
Unknown.

DicorriTeEs Erdtman 1947
Plate XX, figure 15

Grains flat, with two colpae, 31 p X 28 p in size, colpae 14 u broad, parallel
to the equatorial axis, one on each side of the grain. Exine thin,
microreticulate, yellow. BoraNicaL AFrINITY: Palmae, ? Calamus sp.
Smvinar ForMm: Disulciles kalewensis Potonié (1960), Tab. 2, Fig. 38, 33 p,
Eocene, Burma.

RETITRIPORITES V. d. Ham. 19560 sp. 1
Plate XX, figure 16

Polar view. Grains isopolar, radiosymmetric, triporate, amb. triangular,
sides convex, 34 p X 31 p in size. Exine two-layered, thick, sexine almest
as thick as nexine, with small reticulations, light brown. BOTANICAL
AFrFINITY: Dicotyledoneae.

RETITRIPORITES V. d. Ham. 19560 sp. 2
Plate XX, figure 17

Polar view. Grains isopolar, radiosymmetric, oblate, amb. triangular
with strajght to slightly convex sides, with three distinct large pores,
8 1 X 5 p in size, at each angle, equatorial diameter 44-8 u. Exine 3 u thick,
not thinning towards the apertures, two-layered. Sexine thicker than nexine,
baculate reticulate, meshes of irregular shapes and sizes. BOTANICAL
AFrFINTTY: ? Proteaceae. SIMILAR ForMs: Profeacidites symphyonemoides
Cookson 1950, Pl. II, fig. 17, 24 p-37 p, ? Oligocene-Miocene, Australia.
Also Couper 1960, Pl. VI, fig. 3, Upper Kocene to Middle Oligocene,
New Zealand. T'riorites spm. 2 Vimal 1953a, Pl. IX, fig. 34, 35-7 x, Miocene,
Travancore, India. REMARES: Vimal compared the sporomorph with Ery-
thrina sandwicensis Danger (Selling 1947).

SCABRATRIPORITES V. d. Ham. 19560

Plate XX, figure 18

Polar view. Grains isopolar, radiosymmetric, aspidate, triporate, amb.
triangular, sides convex in the middle. One pore at each angle, situated
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at a small neck-like projection, pore size 84 u, size of the neck 16:8 u X 9 p,
diameter of the grain 56 u. Exine 2-8 p thick, two-layered, punctate, .show-
ing OL pattern. Sexine thinner than nexine, nexine thickening in the neck,
slightly projecting inside at the base of the neck. BoraNicAL AFFINITY:
? Onagraceae. SIMILAR Forms: Epilobium angustifolium L. Pokrovaskaia
1950, Tab. 38, Figs. 3a, b, 60 p. Epilobium Schekina 1953, Tab. 16
Fig. 289, 27-4 u, Kocene, Ukraine.

b

SCABRAPENTAPORITES nov. fsubgen.
Plate XX, figure 19

Polar view. Grains isopolar, radiosymmetric, amb. round, pores five,
rims thickened, pore membrane sunken, diameter of the grain 23 . Exine
2 p thick, two-layered, sexine almost as thick as nexine, scabrate (? spinulose).
BoTanrcal ArrFiNiTY: Grain characters are very similar to those given by
Cranwell (1959) for Nothofagus fusca type.

ScABRATRICOLPITES V. d. Ham. 1956a sp. 1
Plate XX, figure 20

Equatorial view. Grains isopolar, radiosymmetric, oval, tricolpate,
31 p X 24 p size. Colpae clear, thin, 16 u long, not reaching the poles, medi-
colpate. Exine 2-5 p thick, sexine thicker than nexine, very finely scabrate,
brown. BoTanicaL AFFINITY: ? Fagaceae. SIMILAR FoRM: Quercus ilex
Erdtman 1943, page 100, Figs. 189-191, Recent.

SCABRATRICOLPITES V. d. Ham. 1956a sp. 2
Plate XX, figure 21

Polar view. Grains isopolar, radiosymmetric, spheroidal, tricolpate, 25-5
p.X 22:5 win size. Colpae thin and long but not reaching the poles. Exine 2
p thick, distinctly scabrate, light yellow. BoTANICAL AFFINITY: ? Fagaceae.
SiMrLar ForMs: Tricolpites spm. 1 Vimal 1952, PL. VI, fig. 22, P1. VII, fig. 20,
27-3 u X 285 p, Tertiary, Dandot, Pakistan. Quercus robur Erdtman 1943,
p. 100, Figs. 192-193, Recent.

RETIPENTACOLPITES nov. fsubgen.
Plate XXI, figure 22

Polar view. Grains isopolar, radiosymmetric, flattened, round, colpae five,
diameter of the grain 31 p, colpae 4 u deep, thin. Exine 3 p thick, finely reti-
culate, light yellow. BoTaNICAL AFFINITY: Dicotyledoneae. SIMILAR FORM:
Pentacolpate type No. 30, Rao and Vimal 1952, P1. XVII, fig. 34, Pl. XVIII,
fig. 24, 28-5 1, Eocene, Bikaner, India. Pentacolpopites sp. Biswas 1962, PL YV,
fig. 19, 33 u, Lower-Middle Eocene, Assam, India.

7
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PsiaTricorporiTEs V. d. Ham. 19560 sp. 1
Plate XXI, figure 23

Equatorial view. Grains isopolar, radiosymmetric, peroblate, 25 u X 14 p
in size. Colpae three, long, almost meeting at poles, tapering, each provided
with a pore, pores clear, big, lalongate. Exine 2 p thick, psilate, yellow.
BoranNicarL ArFINITY: Fagaceae. SiMiLar Forms: Castania dentate Erdtman
1943, page 98, P1. IX, fig. 178, size 16 p X 10-6 u, Castania Schekina 1953, Tab.
10, Figs. 155, 156, Eocene, Ukraine. Custania sp. Pokrovaskaia 1956, Tab. 25,
Fig. 11, 21-6 p X 14 u, Miocene, Russia.

PsizaTrIicoLPORITES V. d. Ham. 1956a sp. 2
Plate XX, figure 24

Equatorial view. Grains isopolar, radiosymmetric, peroblate, 24-5 u X 14
p in size. Colpae three, 20 1 long, each provided with a clear, lalongate pore.
Exine 2-5 p thick, psilate, sexine thinner than nexine, yellowish brown.
BoraxicaL AFFINITY: Dicotyledoneae.

RETITRICOLPORITES V. d. Ham. 19560
Plate XXT, figure 25

Equatorial view. Grains isopolar, radiosymmetric, prolate spheroidal, 25
p X 225 pin size. Colpae three, 20 u long, margins smooth, each provided with
a pore. Exine ca. 2 p thick, sexine thicker than nexine, finely reticulate,
brownish yellow. BOTANICAL AFFINITY: ? Scrophulariaceae. SIMILAR Form:
Serophularia nodose Erdtman 1943, PL 19, figs. 357-358, Recent.

PSILATETRACOLPORITES nov. fsubgen.
Plate XXI, figure 26

Equatorial view. Grains isopolar, radiosymmetric, peroblate, poles
slightly flattened, 22-5 p X 17 p in size. Colpae four, long, almost reaching the
poles, margins smooth, each provided with a pore. Pores distinct, narrow, slot-
like, lalongate. Exine 2 p thick, sexine thinner than nexine, slightly bulging
at pores, almost psilate. BOTANICAL A¥FINITY : ? Sapotaceae. SIMILAR Form:
Tetracolporopollenties manifestus Potonié (R. Pot.), Sub-sp. contractus Plug, in
Thomson and Pflug 1953, Pl. 15, figs. 37-42, Middle Eocene, Helmstedt,
Germany.

SCABRATETRACOLPORITES nov. fsubgen. sp. 1

Plate XXT, figure 27

Equatorial view, Fig. 27a. Polar view, Figs. 27b, ¢. Grains isopolar,
radiosymmetric, peroblate in equatorial view, 42 u X 24 p in size, round in
7B
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polar view. Colpae four, thick and long but not reaching the poles, each
provided with a big clear pore. Exine 25 u thick, very finely scabrate, almost
smooth, sexine thicker than nexine, yellowish brown. BOTANICAL AFFINITY:
Dicotyledoneae.

SCABRATETRACOLPORITES nov. fsubgen. sp. 2
Plate XXT, figure 28

Equatorial view. Grains isopolar, radiosyinnietric, peroblate, 40 u 3 225
p in size. Colpae four, broad and long, margin smooth, each provided with
a large clear pore. KExine 2 u thick, finely scabrate, sexine as thick as nexine,

light brown. BoTanicaL AFFINITY: Dicotyledoneae.

REericvroNariTES (Erdtman 1947) Vimal 1952
Plate XXT, figure 29

Grains apolar, radiosymmetric, large, spheroidal, ca. 33 pin dianeter, exine
3 p thick, reticulate. BOTANICAL AFFINITY: Potamogeton. SIMILAR FORM:
Verruconapites spm. 1 Vimal 1953a, Pl. VIII, fig. 7, Tertiary, Travancore, India.
Subpilonapites spm. 1 Vimal 1952, P1. VI, fig. 16, P1. VIII, fig. 15, Dandoft,
Pakistan. Remarks: These grains described by Vimal are referred to Potamo-
geton natans. Rao and Vimal (1952) also report pollen of Potamogeton type
from Palana (Hocene), Bikaner, India. Grains identical with Potamogeton
crispus have been described by Biswas (1962) from the second clastic interbed
of the Sylhet limestone formation (lower part of Middle Eocene), Assam, India.

HysTRICHOSPHAERIDIUM Deflandre sp. 1
Plate XXI, figure 30

Shell oval with thick unsegmented wall. Surface finely foveolate, Stalk
of processes tubular, recurved at the apices. In a few processes, the stalks
joined together up to half the length. Processes wall foveolate. Shell
84 u X 35 p in size. Length of the processes 8 u to 11 p.

HysTRICHOSPHAERIDIUM Deflandre sp. 2
Plate XX, figure 31
Shell circular, with rather thin wall. Surface sculpturing not clear.

Stalk of processes slender, short, with flattened or bifurcated tips, closely
placed. Shell diameter 73 x, length of the processes 11 p.

HysTRI0OEOSPHAERIDIUM Deflandre sp. 3
Plate XXI, figure 32

Shell almost circular, with rather a thick unsegmented wall. Surface
finely foveolate. Stalk of processes tubular, medium though variable in size,
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broad at the base, gradually thinning towards the apices. Apices tetra-
furcate, furcations recurved. Stalk surface also foveolate. Shell diameter
ca. 78 u, length of the processes ca. 17 p.

HysTricHOSPHARERIDIUM Deflandre sp. 4
Plate XXI, figure 33

Shell oval to round with unsegmented wall. Wall 3 p thick, smooth.
Stalk of processes also smooth, not closely placed, in few cases coalesced up to
half-way. Apices bifurcated. Shell diameter 60 p, length of the processes
ca. 10 p.

ExXPLANATION OF PLATES

Photographs are taken by the author. All the figures are X 1,000 from untouched
negatives.

Prate XX
1. Botryococcus ¢p. 11. Disaccites Cookson sp. 3
2.  Dyadosporites Hammen 12. Disaccites Cookson sp. 4
3. Psilamonoletes Hammen 13.  Verrumonocolpites Pierce
4. Verrumonoletes Hammen sp. 1 4.  Scabramonocolpites nov. fsubgen.
5. Verrumonoletes Hammen sp. 2 15. Dicolpites Erdtman
6. Psilatriletes Hammen sp. 1 16. Retitriporites Hammen sp. 1
7. Psilatriletes Hammen sp. 2 17. Retitriporites Hammen sp. 2
8. Retilrileles Pierce 18. Scabratriporites Hammen
9. Disaccites Cookson sp. 1 19. Scabrapentaporites nov. fsubgen.
10. Disaccites Cookson sp. 2 20. Scabratricolpites Hammen sp. 1
21. Scabratricolpites Hammen sp. 2
Prate XXI
22. Retipentacolpites nov. fsubgen. 28  Scabrateiracolporites nov, fsubgen. sp. 2
23. Psilatricolporites Hammen sp. 1 29. Reticulonapites (Erdtman) Vimal
24. Psilatricolporites Hammen sp. 2 30. Hystrichosphaeridium Deflandre sp. 1
256, Retitricolporites Hammen 31. Hystrichosphaeridium Deflandre sp. 2
26. Psilatetracolporites nov. fsubgen, 32. Hystrichosphaeridium Deflandre sp. 3

27, Scabratetracolporites nov, fsubgen. sp. 1 33. Hystrichosphaeridium Deflandre sp. 4

DiscussioNn AND AGE OF THE ‘ GYPSEOUS SHALES'’

On the basis of the polospore assemblage recorded, the total thickness
of the gypseous shales exposed in the area could be divided into two zones.
The present discussion deals with the upper 60’ of sediments. The lower 70
of sediments are very poor in floral species.

The flora of the upper part of the gypseous shales comprises of algae,
fungi, pteridophytes, gymnosperms and angiosperms, the latter being the
most dominant group. Comparatively few pteridophytic and gymnospermic
species could be recorded. Only one species of algae, Bolryococcus ? braunis,
could be observed. It has not been possible to compare all the types
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recorded to their recent members but the comparable types appear to belong
to the following families of modern plants: Botryococcaceae (Botryococcus
p.), Cyatheaceae (Anarthropteris dictyopteris, Alsophilidites kerguelensis Cook),
Polypodiaceae (Polypodium aff. aureum), Pinaceae (Cedrus sp., Picea sp.,
Pinus sp.), Cycadaceae, Potamogetonaceae (Polamogeton natans), Palmae
(Calamus sp.), Fagaceae (Nothofagus sp., Quercus ilex, Q. robur, Castania sp.),.
Proteaceae (Proteacidites symphyonimoides), Onagraceae (Eplobium angusti-
folium), Scrophulariaceae (Scrophularia modosa) and Sapotaceae. Organisms
belonging to Hystrichosphaeridae could also be recorded from the upper beds.

‘ Giypseous shales * of Kutch are assigned an Eocene age by Wynne (1872)
and Poddar (1959). Medlicott and Blanford (1879) considered gypseous shales
together with the sub-Nummulitic as equivalent to Ranikot (Lower Eocene)
of Sind.

Wadia (1953) assigns an Upper and Middle Eocene age to the Impure
Nummulitic limestone (Kirthar Series) bed of his classification which may
be compared with the gypseous shales and Nummulitic group of Wynne.
Krishnan (1953) attributes an Upper to Middle Eocene age (Kirthar) to his
Nummulitic limestone bed which can also be compared to the gypseous
shales and Nummulitic group of Wynne. Vredenburg (1925-28) assigned
this horizon to Middle Kirthar and Nuttall (1926) to lower part of Middle
Kirthar (Lutetian).

No published palynological work on the Tertiaries of Kutch is available
and as such comparison of the microfloral types recorded in the gypseous
shales of Kutch could not be made. However, colonial alga similar to Botryo-
coccus braunii has also been reported by Rao and Misra (1949) from Eocene
(?) Palana lignite of Bikaner, Vimal (1953a) from Eocene Kutch lignite and
by Cookson (1953) from the Tertiary sediments of Australia. Grains similar to
Dyadosporttes, Psilamonoletes, Verrumonolefes and Psilatriletes sp. 2 have been
reported by Potonié (1960) from the Eocene coal of Burma, Verrumonoletes

2 by Kedves (1960) from Eocene of Hungary, Retitriporites sp. 2 by
Couper (1960) from Upper Eocene to Middle Oligocene sediments of New
Zealand, Scabratriporites from Eocene of Ukraine by Schekina (1953), Scabra-
tricolpites sp. 2 by Vimal (1952) from Tertiary Dandot (Pakistan) lignite,
Scabrapentacolpites from Eocene of Bikaner by Rao and Vimal (1952), Reti-
culonapites by Vimal from the Tertiary of Travancore, India, by Rao and
Vimal (1952) from Eocene Palana lignite of Bikaner, by Biswas (1962) from
lower part of Middle Eocene, Assam.

This lends further support to an Eocene age for the gypseous shales of
Kutch.

General polospore assemblage met with in the formation and its strati-
graphic distribution in this section suggests a Middle Eocene age for the
sediments,
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Majority of the families identified indicate a sub-tropical to tropical
climate (Lawrence 1955, Willis 1955) prevailing in and around the region of
sedimentation.

The upper part of the gypseous shales in this section yielded Botryo-
.coccus alga along with the Hystrichosphaerids. Botryococcus can live in
either salt or fresh water while Hystrichosphaeridae is a component of marine
plankton. Thus occurrence of Botryococcus and Hystrichosphaerids along
with the terrestrial plant spores and pollen in large quantities strongly
suggest that upper part of the gypseous shales was deposited under marine
to estuarine conditions, not far away from the shoreline. Probably the sedi-
mentation of the lower part of the formation took place away from the shore-
line and at a deeper part of the basin causing a check in the deposition of
flora.
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