JOURNAL OF THE PALAEONTOLOGICAL SOCIETY OF INDIA
voL. 29, 1984, pp. 52—62.

PALYNOLOGY OF THE BARAIL (OLIGOCENE) AND SURMA (LOWER MIOCENE)
SEDIMENTS EXPOSED ALONG SONAPUR-BADARPUR ROAD SECTION, JAINTIA
HILLS (MEGHALAYA) AND CACHAR (ASSAM). PART-I. DINOFLAQELLATE CYSTS

4

R. K.SAXENA anp M. R.RAO

BIRBAL SAHNI INSTITUTE OF PALAEOBOTANY, 53 UNIVERSITY ROAD, LUCKNOW

ABSTRACT

The present paper dealswith the systematic description of 15 species belonging to 9 genera of dinoflagellate cysts recovered from the
Barail (Oligocenc) and Surma (Lower Miocene) sediments exposed along Sonapur-Badarpur Road Section, Meghalaya and “Assam. The fol-
lowing genera have been recordad: Polysphasridium. Impletospliacridium, Adnataspha: rzdxfrn, M:mbranilarnacia, Cordasprasridiun, Oﬁerculodzmum,
Achonosphaera, Honstryblium and Tuberculodinium. Two species, viz., Membranilarnacia dowensu and Homotryblium meghalayaensis are proposcd as
new. An analysis of the assemblage reveals that the dinoflagellate cysts are domin~nt in the lower part of the Laisong Formation (Berail .

Group), and decrease in frequency towards the top (Surma Group).

Maniyara Fort Formatioa (Oligocene) assemblage from Kachchh.

INTRODUCTION :

The palynological studies on the Tertiary sediments
of north-eastern India have been done by various
workers, viz., Ghosh (1941), Sahni, Sitholey and Puri
(1947), Sen (1948), Meyer (1958), Biswas (1962), Baksi
(1962, 1965), Ghosh and Banerjee (1963), Ghosh,
Jacob and Lukose (1964), Banerjee (1964a, b), Bose
and Sah (1964), Sah and Dutta (1966, 1968, 1974),
Dutta and Sah (1970, 1974), Salujha, Kindra and
Rehman (1972, 1974), Salujha, Rehman and Kindra
(1973), Banerjee, Misra and Koshal (1973), Sein and
Sah (1974), Shrivastava, Ganeshan and Ray (1974),
Sah and Singh (1974), Singh, Singh and Sah (1975),
Singh (1977a, b), Singh and Singh (1978), Singh and
Tewari (1979), Dutta and Singh (1980), Sah, Singh and
Singh (1980) and Mehrotra (1981 a, b, 1983). The
above papers mainly deal with the spore-pollen assem-
blages whereas the dlnoﬂagellate cysts are either mea-
grely represented therein or have been ignored by the
palynologists. The assemblages recorded by Biswas

(1962), Baksi (1962, 1965), Salujha, Kindra and Reh- -

‘man (1972, 1974) and Salujha Rehman and Kindra
(1973) mainly consist of the spores and pollen grains
with sporadic reprnsentation of dinoflagellate cysts,
whereas those by Se.h, Kar and Singh (1970), Banerjee
~and Misra (1972) ‘Kar, Singh and Sah (1972), Jain,
Sah and Singh (1%7%), Dutta and Jain (1980), Salujha
and Kindra (1981),- Mehrotra (1981a, b) and Jain and

-

The Barail dmoﬂ-gf-llwtc assemblage has been compared with the

Sa—
Garg (1982) mainly consist of the dinoflagellate cysts.
These cysts have mainly been recorded from the Palaeo-
cene-Eocene sediments whereas those from the Oligo-
cene and Miocene sediments have largely remained
uninvestigated. This paper is therefore the first to deal
with the systematic description of the dinocysts from: the
Oligocene and Lower Miocene sediments exposed
along the Sonapur-Badarpur Road Section in Megha-
laya and Assam. 8
This section is 60 km long and is shared by Jaintia
Hills district (Meghalaya) and Cachar district ( Assam)
Traversing from Sonapur towards Badarpur along
Sonapur -Badarpur Road, the Barail Group (Ohgocene)
is first developed, being represented by Laisong, Jenam
and Renji formations. The Laisong Formation (about
1750 metres thick) is mainly arenaceous consisting of
grey, very hard, thinly bedded, very fine to medium
grained sandstones alternating with subordinate ‘hard
sandy shales. The Jenam Formation (about 850
metres thick) is mainly argillaceous and consist:; of

‘shales and sandy shales, generally being’ carbonacegus,

with fine to medium grained sandstones. The Renjl
Formation (about 800 metres thick) is again arenaceous,
being made up of thickly bedded or massive, fine to
medium grained, hard, ferruginous sandstone alternated
by thin shales. The Renji Formation is unconformably
overlain by the Surma Group (Lower Miocene) which is
divisible into lower, Bhuban and upper, Bokabil forma-
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Fig.1. Geologicalmap of the Soxwpur-Badarpur Road sectionin Jiintin Hills (Megh~l.y.) and Cacher (Assem) (modified afier Saxena

and Tripathi, 1982).

tion. The Bhuban Formation (about 1850 metres thick)
is divided into Lubha, Umkiang and Dona members,
the lower and upper members being mainly arenaceous
and the middle member argillaceous. The Bokabil
Formation (about 150 metres thick) is made up of thick
sandy shales with alternations of very fine grained lami-
nated sandstone (Fig..1). The detailed lithostrati-
graphy of this section has been published by Saxena
and Tripathi (1982). |

For palynological investigation, 288 rock samples
were collected from ‘the various formations exposed
along the above section by one of us (R.K.S.). Of these,
216 samples were proved to be palynologically pro-
ductive. The details of samples are given in Table-1.

The palynoflora recovered include dinoflagellate
cysts, fungal remains, pteridophytic spores, gymmnos-
permous and angiospermous pollen grains and some

Table 1 .
Samples Productive
Group  Formnation collected samples Exposures!
Bok.bil 9 6 177.5—180.0km
Surma
Bhuban 172 124 147.5—177.5km
-
Renji 15 10 145.6—147.5km
Bar.il  Jenam 43 31 143.2—145.6km
49 45 140.0—143.2km

Laisong

1 The distances are given with refereace to Shillong along Shillong-
Badarpur Highway. ) °

o«
other microremains of obscure oOrigin. The present
paper exclusively deals with the: dinoflagellate cysts
and constitutes the first part of ‘’.¢ study,

SN
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For the recovery of palynomorphs, thc samples
were treated with HCI, HF and HNO;, for 2-7 days
followed by 5%, KOH treatment and acetolysis. The
dinoflagellate cysts are classified as per system proposed
by Sarjeant and Downie (1974). - The slides, negatives
and unused material have been housed at the museum
of B1rbal Sahni Institute qf Palaeobotany, Lucknow.

SYSTEMATIC DESCRIPTION

Class Dinophyceae PASCHER

Subclass  Diniferophycidae BErGH
Order  Peridiniales ScuiTT
Family Cleistosphaeridiacéae SARJEANT
& Downie, 1974
Genus ' Polysphaeridium Davey & WILLIAMS
in DAVEY et al., 1966
Type species :  Polysphaeridium  subtile DAVEY &
[ Wirriams in DAVEY et al., 1966
Polysphaeridium subtile Davey & WiLLiams in DAVEY
' { et al., 1966
4 - (PL. 1—1-2)

Number of specimens studied: 15

Description :  Cysts chorate, body ovoidal in shape.
Parasutural features not indicated. Processes nume-
rous, néntabular, hollow, distally open and slightly
expanded, distal ends of the processes sometimes very
finely serrate. Autophragm only, smooth to finely
granulose. Paratabulation not indicated. Archaeo-
pyle apical, type tA, sometimes not distinctly observed.
Paracmgulum and parasulcus not indicated.

Dzmenszons : Size of cyst body—50-58 x46-50
pm. Length of the processes 10-18 pm.

Occurrence : Laisong Formation, Barail Group.

Distribution : Lower Eocene of London Basin in
northern*England (Davey & Williams in Davey et al.,
1966, Gruas-Cavagnetto, 1970; Palaeocene and Lower
Eocene of northern Sﬁain (Caro, 1973); and Lower,
Middle and Upper Eocene of Isle of Wight, southern
England (Eaton, 1976).

Polysphaeridium sp.
' (Pl. I—3-4)
.Numbt:r of specimens studied : 6

Descrzptzon : Cysts chorate, body subspherical
in shape. Parasutural features not indicated. Pro-
cesses numerous, non-tabular, cylindrical, distal ends of
the processes blunt, sometimes pointed. Autophragm
only, smooth to finely granulose. Paratabulation not
clear. Archaeopyle anical, type not
Paracingulum and pa.asulcus not indicated.

Dimensions : Size of cyst body—60-75x50-60 pm.
Length of the proccsses——5 10 oo Width of the pro-
cesses—5-7 pm, -

_clearly seen.

Comparison :  Polysphaeridium  subtile Davey &
Williams in Davey ¢t al. (1966) can be distinguished from
the present species in having simple, slender, tubular
processes with usually serrate distal margin.

Occurrence : Dona Member, Bhuban Formation,
Surma Group.

Genus  Impletosphaeridium MoRrGENROTH, 1966
Type species :  Impletosphaeridium  transfodum ~ Mor-
GENROTH, 1966
Impletosphaeridium  insolitum  EATON, 1976
(P1. I—6)

Number of specimens studied : 10

Description . Cysts chorate, body spherical to sub-
spherical in shape. Parasutural features not observed.
Processes numerous, slender and solid, simple with small
bulbous spherical or subspherical distal terminations.
Autophragm only, being finely granulose. Paratabula-
tion and archaeopyle not clear.

Dimensions : Size of cyst body—40-50 X 38-43 pm.
Length of the processes—10-19 pm.

Remarks : Eaton (1976) reported Impletosphaeri-
dium insolitum from the Lower, Middle and Upper
Eocene of Isle of Wight, southern England. The
specimens described by him are smaller in size (cyst-
body 15-24 um, processes up to 9 um long) as compared
to those described from the present assemblage.

Occurrence : Laisong Formation, Barail Group

Distribution : Lower, Middle and Upper Eocene,
Isle of Wight, southern England (Eaton, 1976).

Family Adnatosphaeridiaceae ~ SARJEANT &
Downie, 1966

Genus Adnatosphaeridium WiLLiams &
Downie in DAVEY et al., 1966
Adnatosphaeridium vittatum WILLIAMS &

Type species :

Downit in DAVEY et al., 1966

Lo

. Adnatosphaeridium vittatum WiLrLiams & DownIE in

Davey et al., 1966

(LS ’ . SREE

: (PL I—5, 7) .
Number of specimens studied :

.. Description :
spherical in shape. Parasutural features not indicated.
Processes intratabular, numerous, hollow, tubular
rately branched at distal ends, connected distally by
trabeculae, distal margin semetimes finely serrate.

Cysts chorate, body subspherical to

Ectophragm smooth forming the trabeculae, autophra-:

gm -finely granulose. Paratabulationn not clearly in-
dicated. Archaeopyle apical, type: tA, operculum
free, paracingulum and parasulcus not. discernible.
Dimensions -
Length of the processes—13-20 um.

Size of cyst body—40-48 X 38-44 um, .

-
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Occurrence : Laisong Formation, Barail Group.

Distribution : Lower. Eocene of southern England
(Williams & Downie in Davey et al., 1966); Palacocene
of northern Spain (Caro, 1973); and Lower and Upper
E\G&:ne of southern England (Eaton, 1976).

Membranilarnaciaceae EisENack, 1963
" emend. SARJEANT & Downie, 1966
Membranilarnacia EISENACK, 1963 emend. -
WiLLiams & DOwNIE in DAVEY et al.,
1966

M, enzbranzé arnacia
& EISENACK,

Family

Genus

leptoderma
1958)

Type species:.
Emsenack; 1963

"Membranilarnapia donaensis n. sp.
, (Pl. I—8-9)

Holotype : Pl 1-—8, size 115 pm, slide no.
8374. :

Number of specimens studied : 15

Diagnosis :
spherical in shape. Cyst consisting of thick walled
endocyst and thin-walled pericyst. Pericoel with a
few rods or pillars, rods stout, fibrous, expanded at the
distal ends, ranging 10-12. Archaeopyle aplcal type
probably type tA. Paracingulum and
parasulcus not indicated.

Dimensions : Overall cyst size—115-122 %105-110
pm. Length of the processes—10-14 pm. Width of
the processes—8-12 pm.

Comparison :  Membranilarnacia  leptoderma  (Cook-
son & Eisenack, 1958) Eisenack (1963) can be distin-
guished from the present .new species in having the
granular body surface. M. polycladiata. (Cookson &
Eisenack, 1958) Eisenack (1963) is differentiated by
possessing - thick granular wall and numerous fine pro-
cesses which divide in such a way as to give a funnel-
like,: appearance. - M. rediculata Williams & Downie in
Davey et al., (1966) différs in possessing a reticulate
membrane enveloping thc central body.

Occurrence : Dona Member Bhuban Formation,*
Surma Group. .| - ; SRR

Type locality : - 160.5 km-stone, Sonapur-Badarpur
Road Section, Meghalaya.

Type horizon : Dona Member, Bhuban Formatlon
Surma Group, Lower Miocene. PP

PR S SIS ;
Cordosphaeridiaceae ~ SarRJeanT &

Family
‘ Downig, 1974

Genus  Cordosphaeridium EiseNack, 1963 emend.
Davey, 1969
Type species :  Cordosphaeridium inodes (KLUMPP 1953)

Esenack, 1963

" (Cookson-

Cysts c:ivate, body spherical to sub-

Cordosphaeridium inodes (KLumpp, 1953) EISENACK,
1963 emend. MorGENROTH, 1968
(PL. I—10)

Number of specimens studied : 10

Cysts chorate, body subspheroidal
to ovoidal in shape. Processes intratabular, fibrous,
hollow, distally branched and open. Endophragm
and periphragm appressed in between the processes.
Archaeopyle precingular, type P 7(3” only).  Paracin-
gulum and- parasulcus not indicated. o

Dimensions : Size of cyst body-—46-52 x40-52 pm.’
Length of the processes-13-17 um,

Occurrence : Laisong and Jenam formations, Barail
Group; Lubha and Dona Members, Bhuban Formation,
Surma Group.

Distribution : This species is known to occur from
Lower Eocene to Middle Miocene (Davey & Wllhams
in Davey et “al., 1966). ‘

Description :

Cordosphaeridium multispinosum Davey &
WiLLiaMs in DAVEY et al., 1966
(P1. I—11)

Number of specimens studied : 8 7

Description :  Cysts chorate, body subspheroidal
to ovoidal in shape. Processes intratabular, numerous,
fibrous, hollow distally branched and open, margin
sometimes serrate or irregular, 2 or more processes per
plate. Periphragm granulose, endophragm smooth,
Archaeopyle precingular type P (3" only). Paracm-
gulum and parasulcus not indicated.

Dimensions : Size of cyst body--55-57 pm. Length
of the processes—3-17 pm. Width of the- Pprocesses
—2-5 pm.

Occurrence : Laisong Formatidn, Barail - Group.

Distribution : Lower Focene of London Clay and

White Cliff Bay, Isle of Wight, Hampshire and Isle of
Sheppy, Kent, England (Downie & Williams in Davey
et al., 1966); Lakadong Limestone Member, Upper
Palacocene, India (Dutta & Jain, 1980).

Remarks : The present occurrence of this- speC1es
is younger than its known range. This may be attri-
buted either to reworking, though no such evidence is
found; or its range may be extended up to Lower Oli-
gocene. ‘

Cordosphaeridium_ fibrospinosum DAvVEY &
. WiLLiams in DAVEY et al., 1966
(Pl I—12-14)

Number of specimens studied : 6 -

Description :  Cysts chorate, yody spheroidal to
ovoidal in shape, Processes intratahular, fibrous, often
very broad, entire or undulose margin. Endophragm
thin and smooth and periphragr, fibrous, Archaeo-
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pyle precingular type P (3" only).
parasulcus not indicated.

Dimensions : Size of cyst body—65-77 x62-75 pm.
Length of the processes—10-30 pm. Width of the
processes—20-35 pm.

Occurrence :  Laisong and Jenam formations,
Barail group and Dona Member, Bhuban Formation,
Surma Group.

Distribution : London Clay (Eocene), England
Davey & Williams in Davey et al., 1966; Downie, Hussain
& Williams, 1971). Middle and Upper Oligocene,
North Germany (Benedek, 1972), Lower and Middle
Eocene, Isle of Wight, southern England (Eaton, 1976),
Atlantic corehole, Blake Plateau, Lower Oligocene
(Stover, 1977) and Maestrichtian to Lower Oligocene,
Offshore Eastern Canada (Williams & Bujak, 1977a).

Cordosphaeridium ~ gracilis (EsENAck, 1954)

¢ Davey & WiLLiams in DAVEY et al., 1966

(Pl. II—15)
Number of specimens studied : 5

Paracingulum and

Description = Cyst chorate, body subspheroidal in
shape;: Processes intratabular, cylindrical, solid, erect
and slightly digitate, branched and have characteristic
Y-shape. Endophragm and periphragm appressed in
between the processes: periphragm smooth and endo-
phragm granulose. Archaeopyle precingular, type P
(3" only). Paracingulum and parasulcus not indicated.

Dimensions : Size of cyst body—75x79 pum.
Length of the processes—upto 23 pm.

Occurrence : Dona Member, Bhuban Formation,
Surma Group.
Distribution : Upper FEocene of FEast Prussia

(Eisenack, 1938, 1954), Middle Oligocene and Middle
Miocene of North Germany (Gerlach 1961, Gocht
1969, Benedek 1972).. Lower Eocene of Belgium (Mor-
genroth 1966) of Noyth Germany (Morgenroth, 1966,
Gocht, 1969) and of th@ Hampshire and London Basin
in southem England (Davey & Williams 1966, Downie,
Hussaln and Williams, 1971), Middle and Upper Eocene
of North Germany (Agelopoulos, 1967, Gocht, 1969),
Lower Eocene of Northern France (Gruas-Cavagnetto,
1970), Upper Oligocene of North Germany (Benedek,
1972), Lower Middle and Upper Eocene of England
(Eaton, 1976) and Maestrichtian to Lower Oligocene,
Offshore Fastern Canada (Williams & Bujak, 1977a).

Family Lingulodiniaceae SARJEANT & Downig, 1974

Genus Oprrculodinium Wall, 1967
ﬁpe speczes : Operculodinium centrocarpum (DEFLANDRE
& Cooxso.” 1955) WaLr, 1967

Operculodinium sp. cf 0. major JAIN & DuTta in
Durra & Jamv, 1980,

(Pl. II—16)

Number of specimens studied : 4
Description : Cyst chorate, body subspher01dal in
shape. Parasutural features not observed. Processes

intratabular, numerous, hollow, distally open expanded.
Periphragm sculptured and endophragm smooth. Para-
tabulation indistinct. Archaeopyle precingular, type
P (3" only). Paracingulum and parasulcus not obser-

ved.

Dimensions : Size of cyst body—59 x51 pm. Length .
of the processes—15-23 pm.

Comparison : The present specimen closely com-
pares with Operculodinium major Jain & Dutta in Dutta
& Jain (1980) but the former can be distinguished by
its finely granulose periphragm and smaller size range

(59 x51 pm).
Occurrence: Laisong Formation, Barail Group.
Family Spiniferitaceae SARJEANT, 1970 emend.
SARJEANT & Downie, 1974
Genus Ac}zbmosphaem Evrrr, 1963
Type species K Achomosphaera ramulifera (DEFLANDRE,

1937) Evrrt, 1963

Achomosphaera ramulifera (DEFLANDRE, 1937) EVITT,\-L
963

(PL. 1I—17)
Number of specimens studied : 6

Description :  Cysts chorate, body subspherical in
shape. Body wall smooth, two layered; endophragm
and periphragm being appressed in between the pro-
cesses. Processes hollow and bifurcated, having tri-
furcated extremities. Archaeopyle precingular, type
P (3" only). Paracingulum and parasulcus not obser-
ved. , :

Dimensions : Size of cyst body—55-65 X45-60 pm.
Length of the processes—17-21 pm.

Occurrence :  Dona Member, Bhuban Formation,
Surma Group.
Distribution : Lower Eocene of the Hampshire and

London Basin in southern England (Davey & Williams
in Davey et al., 1966), Albian (Davey & Verdier, 1971),
Pliocene (Habib, 1971). Lower, Middle and Upper
Eocene of England (Eaton, 1976) and Middle Eocene
of Kachchh (Jain & Tandon, 1981).

_ Achomosphaera sagena DavEY & WiLLiAMS in DAVEY
et al., 1966
(PL. II—18-19)
Number of specimens }tgdied : 4

Description : Cysts chorate, body subspherical-
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spherical in shape. Endophragm and periphragm
appressed in between the processes. Central body is
finely granulose and 3 pm thick. Surface coarsely
“sticulate. Processes hollow, with bifurcate and/or
tivfircate extremities and commonly possessing reticu-
late bases. Precingular archaeopyle present.

Dimensions : Size of the cyst—47-60 x50-60 pm.
Length of the processes—upto 15 pm.

Occurrence : Renji Formation, Barail Group.

Distribution : Lower Chalk, Upper Cretaceous
(Cenomanian) of England (Davey & Williams in Davey
et al., 1966).

Remarks : Davey and Williams in Davey et al.
(1966) recorded this species from the Upper Cretaceous
sediments. The present occurrence extends its range
up to Upper Oligocene.

Family Homotrybliaceae SARJEANT & DOwNIE,
1966 emend. SArJjeaNT & Downig, 1974

Genus  Homotryblium Davey & WILLIAMS in

DAvEy et al., 1966

Homotryblium tenuispinosum DAvEY &
~ WiLLiams in DAveY et al., 1966

Type species

Homotr_ybliium Sloripes (DEFLANDRE ‘& COOKSON, 1955)

STovER, 1975

(PL. II—20)
Number of specimens studied : 25
Description :  Cysts chorate, ‘body spﬁerical to

subspherical with granulose endophragm and peri-
phragm. Periphragm slightly thinner than the endo-
phragm. Parasutural features not indicated. Pro-
cesses intratabular, tubular, hollow, finely striated and
fibrous, distally open with 2-6 lobes. Paratabulation
not clearly seen. Archaeopyle combination type,
formed by the removal of apical and precingular plates.
Paracingulum and parasulcus not indicated.

Dimensions : Size of cyst body—45-63 um. Length
of the processes—10-17 pm.

Occurrence : Laisong and Jenam formations, Barail
Group and Bhuban Formation, Surma Group.

Distribution : Upper Eocene of North Germany
(Agelopoulos, 1964, 1967), Oligocene of U.S.A. (Drugg
& Loeblich, 1968), Upper Eocene of Meghalaya, India
(Dutta & Jain, 1980) and Middle-Upper Eocene of
Isle of Wight, southern England (Eaton, 1976), Upper
Eocene to Middle Miocene, Offshore Eastern Canada
(Williams & Bujak, 1977a), Upper Eocene to Middle
Miocene, North Atlantic margins (Williams & Bujak,
1977b).

Homotryblium meghalayaensis n. sp.
(PL. I1—21-23)

. &
Holotype : Pl 11---23, size 6265 pm, slide'no.

8374
Number of specimens studied : 15
Diagnosis ©  Cysts chorate, body subspheucal “to

spherical in shape. Endophragm and periphragam
appressed between the processes. Both walls smooth

to faintly granulose. Parasutural features  not
indicated. Processes intratabular, tubular, hollow,
distaly open and secate. Paratabulation not

clearly seen. Archaeopyle combination type, formed
by the removal of apical and precmgular plates. Para-
cingulum and parasulcus not indicated.

Dimensions : Size of cyst body—57-75 X55-67 wm.
Length of the processes—14-28 um.

Comparison :  Homotryblium tenuispinosum Davey &
Williams in Davey et al. (1966) can be differentiated
from the present species in having outer strongly granular
periphragm and smaller diameter of the central body
(48 X41 pm). H. pallidum Davey & Williams in Da-;?ey
et al: (1966) is distinct by possessing granular perlphragm
and the processes of variable width forming a circle where
they arise from the central body. H. floripes Deflax,
& Cookson, 1955) ‘Stover, (1975) differs in possessi ng
*striate and fibrous processes; the striations being forméd
by three or four nerve-like delicate thicknings whiéh
extend from the distal terminations to the basal areas.
H. tasmaniense Cookson & Eisenack (1967) can be dlS-
tinguished by its granular to spinulose body with radi-
ally arranged tubular and distally open appendages.

Type locality :  160.5 km-stone, Sonapur-Badarpur
Road "Sectlon, Meghalaya.

T)[Je horizon : Dona Member, Bhuban Formatior{,

Surma Group, Lower Miocene.

Family Scriniocassiaceac  SARJEANT & DOWNIE,
1966 emend. SARJEANT & DownIE, 1974

Genus  Tuberculodinium  WALL, 1967 emend.
Warr & DaLg, 1971
Type species : Tuberculodinium vancampoae (RossiGNOL,

1962) WatLt,
DaLg, 1971

1967 emend. WarLL &

Tuberculodinium vancampoae (RossiGNOL,
WarL,

1962)
1967 emend. WarLL & Darg, 1971

(Pl IT—24)
Number of specimens studied : 6,

Description :  Cyst subspherlcal “with two wall
layers. The endophragm fofming the central body is
about 2.5 um thick. Central bodv bears 11 tuberculate
processes. Tubercles circular in sarface view, but vary
from spherical to 8-shaped in lateral view. The thin
membranous periphragm is supported by tubercles
arising from the central bod*.. The periphragm
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damaged at some places due to its fraglle nature.
Archaeopyle large, polyhedral and antap1pally placed.

Dimensions: Size of the cyst body‘—»108 X114 pm.
Size of the tubercles—I12 X14 pm.

Occirrrence Dona Member, Bhuban Formatlon,
Surma Group. ;

Distribution : = Pleistocene-Recent, Israel (Rossi-
gnol, 1962, 1964) Quaternary, Venezuela (Wall
1967), Post-Mlocene, Florida Hatteras Slope (Drugg,
1970), Mlddle to Late Miocene, Grand Banks, Atlantic
contm(mtal margin . (Williams, & Brideaux, 1975), Late
Mlocene Eastern Canada (Williams, 1975), Middle
Ohgocéne to Pliocene, Offshote Eastern Canada (Wllha-
ms & Bujak, 1977a), Atlantic corehole, Blake Plateau,
Lower Miocene (Stover, 1977) and Oligocene of Kach-
1<‘hh of western India (Jain, 1980)

Incertag-sedis
_Dinogyst type-1
O (Pl II—28)

Numlm ty‘ specimens studied : 10 .

; Desmptwn :  Cyst oval in shape with tthk margin.
Bedy covered with haif-like structures and small scales.
A slight depression prg:se‘nt in the centre. = Tabulation
4nd archaeopyle not discernible.

.., Dimensions : Size¢ of cyst
Léngth, of the processes—6-8, pm.
- Qgcurrenge @ Laisong Formation,

body—72 X63 pm.

Barail Groﬁp.

RREE " Dinogyst type-2

‘ -(PL. 11—25-26)
Number of specitmens studied : 10

1
[E

.yellow in colour.

in colour.

Description :  Cyst subcircular in shape, golden
Autophragm only.. Body. covered
with spines having bulbous bases and narrower tips.
~ Dimensions: Size of cyst body—47 x56—37-45 pr..
Length of the spines—6-19 -~ um. Width of ‘tae
spines—2-6 pm. -
Occurrence :
Surma Group.

Dona Member, Bhuban Formation,

Dinocyst type-3

: (PL. I1—27)
Number of specimens studieaf,: 1
Description : Cyst subcircular in shape, dark brown
; Autophragm only Paratabulation and
archaeopyle not discernible... Processes numerous,
long, tubular.

Dimensions : Diameter of cyst—50 X45 pm. Length
of the processes—19-25 pm.
Dona Member,

Occurrence : Bhuban Formation,

Surma Group.
DISCUSSION

The dinoflagellate cysts ‘described here from the
Barail and Surma groups (OligocenélLower Miocene)
are represented by 9 genera and. 15 species. An analysis
of the assemblage reveals that the dinoflagellate cysts

are dominant in the lower part of the Laisong Formation=-.

(Barail Group), decrease in the Jenam and Renji forma-
tions and again become important. in the Bhuban For-

‘mation with appreciable représentation at few levels.

The distribution of the different species is given in
Table-2.

Table. 2

i i il g et et et i e <t ot sk it e 0.

Graups . e " BARAIL

o

T

SURMA

A

Formations Laisong

Jenam -

Renji Bhuban Bokabil

Members

Lubha Umkiang Dona

Polysphaerzdmm sybtile
Palysphamdmm sp.
Adyiatosphas ridium vittatum
Cordospkaqrgdm@ inodes

G. multispinasum

C. fibrospiriosum

C. gracilis

Achomosphaera ramulifera

A. sagena

Membranilarnacia dongensis
Tubérculodinium vancampoae
Homotryblium floripes

H. meghalayaensis
Operculodinium sp. ¢f. O. maj')r ~
Impletosphaeridium insolitum |
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Adnatosphaeridium  vittatum, —Polysphaeridium subtile,
Cordosphaeridium multispinosum, Impletosphaeridium insoli-
tum and Operculodinium sp. cf. 0. major are dominant

\in the Laisong Formation and are restricted to Barail
Qroup only. Achomosphaera sagena has been recovered

\’ .o . . .
only from the Renji Formation. Tuberculodinium van-
campoae, Membranilarnacia donaensis, Homotryblium megha-
layaensis, Cordosphaeridium gracilis and Achomosphaera ramu-
lifera are restricted to the upper part of Bhuban Forma-
tion only. Homotryblium floripes, Cordosphaeridium inodes
and C. fibrospinosum occur in both Barail and Surma
groups. Their frequency is high in the lower part of
- “the Laisong Formation, decreases in the Jenam Forma-
tion; they are absent in Renji Formation and again
reappear in the lower and upper parts of Bhuban For-
mation. In Bokabil Formation, these dinoflagellate
cysts are completely absent.
;
Table. 3
Kar, Jain, Present
Taxa 1979 1980 study
Polysphaeridium (Hystrichosphaeridium) + — —
microtriainum
" P. cephalum + — —
Cleistosphasridium heteracanthum + — —
Spiniferites ramosus cf. var. multibrevis | 4+ — —
Fromea pachyderma . + — —
Homotryblium sp. + — —
 Membranilarnacia delicata : + — —
Operculadmwm centrocarpum —_ + —
Tuberculodzmum vancompoae - .+ —
Hemizystodinium sp. cf. H. congregatum — 4 —
Spiniferites ramosus subsp. granosus — + —
Cordosphaeridium sp. — + —
Polysphaeridium subtile —_ — +
 Cordosphasridium inodes . . —_ - +
C. fibrospinosum : ' — — +
- C. multispinosum -~ — +.
Achomosphaera sagena -_— — +
Adnatosphaeridium vittatum — — +
Homotryblium floripes — - +
Operculodinium sp. cf. O. major — — +
Impletosphacridium insolitum = o= 4

Baksi, S. K. 1952.

‘COMPARISON

The only dinoﬂagclbfc cyst assemblage known
from the Indian Oligocene sediments is the one irepor-
ted by Kar (1979) from the Maniyara Fort Formation
of Kachchh. The present Barail (Oligocene) dinocysts
have been compared with the dinocysts of the Mamyara
Fort Formation. This assemblage consists of 39 genera
and 52 species of pteridophytic spores, gymnospermous
and angiospermous pollen grains and microplanktons.
Of these, 6 genera and 7 species belong to the dinécysts.
Jain (1980) re-examined these slides and reallocated
the dinoflagellate cysts species described by Kar (1979).
A comparative study of the present assemblage with
the Kachchh assemblage is given in Table-3. "

This reveals that the Maniyara Fort assemblage is
not comparable with the present Barail assemblage.
Dinoflagellate cysts from the Indian Miocene sedi-
ments have so far not been published. V

REFERENCE>

AGeLoPOULOs, J. 196%. Hystriciostrogylon membraniphorum n.g.n.sp.
aus dem Hexhgenhafener Kieselton (Eozén): Neues jahrb Gealogn
 Paliontologie Monatsh. 673-675.

AGELOPOULOS, J. 1967.  Hystrishospharen Dinoflagellaten und Faramz-
niferen aus dem Eozanen Kieselton von Heiligenhafen, Holstein. Pub-
lished doctoral thesis, Eberhard-Karls  University, Tulglngen.
74 p. ) :

Palynological investigation of Simsang River
Tertiaries, South Shillong Froat, Assam. Bull. geol. min.metall.

- Soc. India. 26 : 1-22. . .

Baksi, S. K. 1965. Stratigraphy of Barail Series in southern part
of Shillong Plateau, Assam, India. Bul . Amer. Assoc. Petro. Geo .
49(12): 2282-2288.

BANERJEE, D. 1964a. A note on the microflora from Surma (Mio-
cene) of Garo Hills, Assam. Bull. geol. min. metall. Soc. Indza
29 : 1-8.

BaNERrJEE, D. 1964b. A note on polospores from Tura Formatmn,
Simsang River sectioa, Assam. Bull. geol. min. metall. Soc., India.
32 :1-4.

BanerjEE, D. & Misra, C. M. 1972. Hystrichosphaerids in the
Tertiary Formations of Assam and Tripura. Semi. Paleopalynol.
+Indian. Strat. Calcutta : 207-211.

BaNERJEE, D., Misra, G. M. & KosuaL, V. N. 1973. Palynology
of the. Tertiary subscrops of Upper: Assam. Palgeobotanist.. .20 3
(1) : 1-6. : ’ i

BeENEDEK, P. N. 1972. Phytoplanktoten aus dem Mittelsund Obero-
ligozan von Tonisberg (Niederrheingebiet). Palacontographica,
B, 137 : 1-71.

Biswas, B. 1962. Stratigraphy of the Mahadeo, Langpar, Cherra
and Tura formations, Assam, India. Bull. geol. min. metall. Soc.
India.25 : 1-48. :

Bose, M. N. & Sam, S. .C.D. 1964. Fossil plant remains from the
- Laitryngew, Assam. - Palacobotanist. 12(3) : 220-222.

CARro, Y. 1973. Contribution 4 la connaissance des- dmoﬂagelles du
Paleocene-Eocene inférieur des Pyrences Espagnoles Rev espanola
Micropaleont. 5(3) 3 329-372.

Cooxson, I. C. & EseEnack, A. 1958. chroplankton from Austra-
lian and New Guinea Upper Mesozoic sedxments Royal Soc.
- Vigtotia Proc. 70 3 19-79. :

CooxlON, I. C. & EsENACK, A. 1967. Some early Tertiary micro-



60 : R. K. SAXENA AND M. R. RA0

plankton and pollen grains from a deposit near Strahan Westcrn
Tasmania. Royal. Soc. Victoria. Proc. 80 : 131-140.

Davey, R. J. 1969. Non-cilcarcous microplankton from the Ceno-
manijan of England, northern France and North America, Part
1. Bull. Brit. Mus. nat. Hist. Geol. 17 : 103-180. ,

Davey, R. J. & VERDIER, J. P. 197]. An investig..tion of micro-
plankton assemblage from the Albian of the ParisBasin. Koninkl.
Nederlandge  Akad. Weteusch. Ver., Afd. Natuurk; ,Eerste Reeks
26 : 1-58.

Davey, R. J.,Downig, C., SARJEANT, W. A.S. & WxLLmMs, G.L.
1966. Stulies on Mesozoic and Coiaozoic dinofl. gellatc cysts.
Bull., Britisk. Mus. (Nat. Hist.) Geology, Supp. 3 : 1-248.

DEFI.ANDRE G. 1937. Microfossils des silex crétacts. I1. Flagellés
incertae sedis. Hystrichosphaecridées. Sarcodines. brganismcs
divers. Ann. Paléont. Paris. 26 : 51-103. &

DEFLANDRE, G. & Cookson, 1. C. 1955. Fossil rmcroplankton from
Australian late Mesozoic and- Tertiary sediments. Aust J. mar.
Freshwat. Res. 6(2) s 242-313.

Downig, C.,Hussain, M. A, & WiLLiAMs,G.L.1971. D;,-_noﬂagellatc
cyst a.nd acritarch associations in the Palacogene of southeast
England. Geosci. Man. 3 : 29-35. #

Drucc, W. 8. 1970. Two new Neogeae spccies of Tubsrculodinium
and one of Xenicodinium (Pyrrhophyta). Proc. Biol. Soc. Wa.sl‘mglaﬂ
83 :115-122. i

Drucc, W. S. & Lceblich, A.R. Jr. 1968. Some Eocene and Oli-
gocene phytoplankton from the Gulf Coast, U. S A. Tulane Stud.
Geol.5(4) : 181-194.

Durra, S. K. & Jan, K. P. 1980. Geology and palynology of the
area around Lumshnoag, Jaintia Hills, Meghalaya, Indm Biol.
Mem. 5(1) : 56-81.

Durta, S. K. & San, S. C. D. 1970. Palynostratxgraphy of the
Tertiary sedimentary formations of Assam 5. Stratigraphy and
palynology of South -Shillong Plateau. Palaeontographica. 131
B(1-4) £ 1-72.

DurTa, S. K., & San,S.C.D. 1974, P.lyaostratigraphy of the sedi-
mentary formations of Assam, India. Age of the Laitryngew—
Mawkma coal bearing sandstones and their relationship with
the Cherra Formation. Palacobotanist. 21(1) : 48-51.

Durra, S. K. & SiNe, H. P. 1980. Palynostratigraphy of sedimen-
tary formations of Arunachal Pradesh-1. Pulynology of Siwalik
rocks of the lesser Himalayas, Kameug district. IV Int. Palynol.
Conf. Lucknow. 2 : 617-626.

EaTon, G.L. 1976. Dinoflagellate cysts from the Bracklesham Beds
(Eocene) of theIsle of Wight,southern England. Bull. Brit. Mus.
nat. Hist. Geol.26(6) :227-232.

EIsENACK, A. 1933. Die phosphoritknollen der Berastein-formation
als Uberlieferer tcrtiaren planktons: Schriften Physik. Qkoao-
misct.en Gesell., Konigsberg.70 : 181-188.

EsENACK, A. 19534. Mikrofossilien aus Phosphoriten des samlan-
dischen Unterologozans und Uber die Einheitlichkeit der Hystri-
chosphaerideen: Palacontographica, 105 : 49-95.

EisENack, A. 1963. Zur Membranilarnax-Frage:
Geologie u. Paldontologie Monatsh 98-103.

Evirt, W. R. 1963. A discussion and propoéals conicerning fossil
dinoflagellates, hystrichosphaerids and acrntarchs Natl. Acad.
Sci. Proc. 49 : 158-164.

GERLACH, E. 1961. Mikrofossilien aus dem Oligozan und Miozan
nordwestdeutschlands, unter besonderer Berucksightigung der
Hystrichosphaeren und Dinoflagellaten. Neues jahrh. Geologie u.
Paliontolegie Abk. 112(2) : 143-228.

GuosH, A. K. 19t1. Fossil pollea in Tertiary rocks of Assam. Sci.
Cult. 6(2) :674.

Guosu, A. K. & BANERJEE, D. 1963.” Ptendophytxc spores (otker
than Parkeriacease and Schizzeaceae) from the Tcrtlary of Assam.
JIndia. Pollen Spores. 5(2) 413-423.

Neues  jahrb.

RossigNoL, M.

GuosH, A. K.,Jacos, K. & Lukosg,N. G.1964. On the spores of
Parkcriaceae and Schizaeaceze from India. Bull. bot. Soc. Bengal.
17(122) :23-28.

Gocur, H. 196). Formengeme jaschrfien alttertiaren microplen-
ktons aus Bohrprobea des Erdolfeldes Meckelfeld bei Hamburt .
Palasoatographica. B 126(1-3) : 1-100. T

Gruas-Cavacnerro, C. 1970, Microflore et microplancton”dm
Woolwich beds (Swanscombe, Keat). Pollen Spores. 12(1): 71-82.

Hasis, D. 1971. Dinoflagellate stratigraphy across the Miocenc/
Phoce'xe boundiry, Tubiano stratotype scction. Proc. Second
Planktonic Conf., Rome. 1 : 591-598.

Jamw, K. P. 198). Reallocation of somec dinoflagellate cysts fiom
Kutch,westera India. Jour. Palacont . Soc. India.23 & 24 : 140-143.

Jain, K. P. & GArG, R. 1982. Revision of: some dinoflagellate cysts
from Meg. laya, India. Jour. Palacont. Soc. India. 27 : 68-70.

Jan, K. P. & Tanpon, K. K. 1981. Dinoflagellate and acritarch
biostratigraphy of the Middle Eocenc’rocks of a part of south-
western Kutch, India. Four. Palacont. Soc. India. 26 : 6-21.

JAIN, K. P.,San,S.C.D. & Sineu, R. Y. 1975. Fossil dinoflagella-
tes across Maestrichtian-Danian boundary in Lower Assam,
India. Palacobotanist. 22(1) = 1-18.

KAR,R.K.1979. Palynological fossils from the Oligocere sedi-
mentsand their biostratigraphy in the district of Kutch, Western
India. Palaeobotanist. 26(1) : 16-49,

Kar,R.K.,Siveu, R. Y. & Sau, S. C.D.1972." On somec algal
and fungal remains from Tura Form-tion of Garo Hills, Assam.
Palacobotanist. 19(2) : 146-154.

Krumpp, B. 1953. Beitrag zur Kenntnis der Mikrofossilien des
mittleren und Oberen Eozan. Palacontographoca. 103: 377-406.

MEeHROTRA, N. C. 198la. Fossil dinoflagellctes from subcrop
Garampani limestone sediments of Gorampani area in North
Cachar Hills, Assam. Geosci. Jour.2(1) : 13-22. .

MEenroTrA, N. C. 1981b. Palynological correlation of Mikir Fot-
mation with Lower Palceogene sediments of Shiillong Platcau.
Geopliytology. 11(2) = 133-142. Yy

MeuroTra, N. C. 1983. Palynology of | Nixlur Formation in the
type arca. Geosci. Jour. 4(1) : 1-34. b

MEever, B, L. 1958. Pulyaological investigations of some samples

- from Nahorkatiya, Assam. Jour. Palaesnt. Soc. India.5(3) : 156-157.

MoORGENROTH, P. 1966. Mikrofossilien and Konkretionen des
Untercozans. Polacontographica. B 199 (1-3) : 1-53.

1962. Analyse pollonique de sediments marins

Quaterncries en Israel. II. Sediments Pleistccenes. Pollen
Spores. 4(1) s 121-148.

RossigNoL, M. 1964, Hystrichosphares du Quaternaire en Medi-
terranee orieatale, dans les sediments Pleistocenes et les boues

marines actuelles. Rev. Micropaleontologie. 7 : 83-99.

SaH,S.C.D. & Durrta, S. K. 1966. Palynostratigraphy of the sedi-
meatary formations of Assam. 1. Stratigraphical position of the
Cherra Formation. Palacobotanist. 15(1-2) : 72-86.

Sam, S. C. D. & Durra, S. K. 1968. Palynostratigraphy of th:
sedimentary formtioas of Assam. 2. Stratigraphic significance
of spores and pollen in the Tertiary succession of Assam. Palaco-
botanist, 16(2) = 177-195.

Sau, S. CG. D. & Durra, S. K. 1974. Palyaostratigraphy of the
sedimeatary formations of Assam-3. Biostratigraphic zonation
of the Cherra Formation of South Shillong Plateau. Palacobota-
nist. 21(1) + 42-47.

San, S. C.D. & Sweu, R. Y. 1974. Palynological biostratigraphy
of the Tura Formation in the type area. Symp.Strat. Palynol. Spl.
Publ. Birbal Sahni Institute of Palacobatany, Lucknow. 76-98.

San,S.C.D., KaArR,R.K. & SivcH,R.Y. 1970. Fossilmicroplan-
kton from the Langpar Formation of Therriaghat, South Shillong
Plateau, Assam, India, Palacobotanist. 18(2) : 143-150



PALYNOLOGY OF THE BARAIL (OLIGOCENE)

Sam, S. C.D., Swen, R. Y. & Singh, H.P. 1980. Palynological
zonation of the Tipam Group in Nahorkatiya area of Upper
Assam. IV Int. Palynol. Conf. Lucknow. 2 3 635-642.

Samnt, B., SitaoLEY, R. V. & Puri, G. S. 1947. Assam progress

* report for 1944-46, correlation of the Tertiary succession in Assam

- by means of microfossil. Suppl. Jl. Indian bot. Soc., 26 : 262-263.

Sarujua, S. K. & Kmpra, G. S. 1981. Palyaological fossils from
the Langpar Formation exposed along South Shillong Front,
Meghalaya, India. Geosci. Jour. 2(1) : 43-62.

SaLuyHA, S. K., KiNDRA, G. S. & Renman, K. 1972. Palynology
of the South Shillong Front part-1. The Palacogene of Garo
Hills. Proc. Sem. Paleopalynol. Indian Stratigr. 265-291.

SaLujHA, S. K., & Kinora, G.S. & Reaman, K. 1974, P.lynology
of the South Shillong Front part II-The Pal.eogenes of Khasi
and Jaintia Hills. Palaeobotanist.21(3) 3 267-284.

Sarupua, S. K., REaman K, & Kmora, G. S. 1973, Distinction
between the Bhuban and Bokabil sedimeats on the southern edge
of Shillong Plateau based o1 palynofossil assemblages. Bull.
Oil Nat. Gas Comm. 10(1-2) : 109-117.

SArjEANT, W. A. S. 1970. The genus Spiniferites Mantell, 1850
(Dinophyceae). Grana. 10 : 74-78.

“SARJEANT,W. A.S., & Downig, C. 1966. The classification of dino-

/_;’

flagellate cysts above geaericlevel. Grana Palynol., 6 503-527.

SarjeanT, W. A. S. & Dowaig, C. 1974, The classification of dino-
flagellate cysts above generic level. A discussion and revisions.
Symp. Strat. Palynol., Spl. publs. Birbal Sahni Institute Palacobot.9 :32.

Saxena, R. K. & Trrpatar, S. K. M. 1982. Lithostratigraphy of
the Tertiary sediments exposcd along Jowai-Badarpur road in
Jaintia Hills (Meghalaya) and Cachar (Assam). Palacobotanist.
30(1) :34-42.

SeN, J. 1948. Microfossils of Assam coal fields. 1. The coal seam
at Laitryngew and the age of the Cherra Sandstone. Bull. Bot.,
Soc. Beng. 2(2) ¢ 1-11.

iSEIN, M. K. & San, S. C. D, 1974. Palynological demarcation of
Eocene-Oligocene sediments in the Jowai-Badarpur Road
Sectioa, Assam. Symp. Strat. Palyno ., Spl. Publs. Birbal Sakni Institute
Palaeobot. 99-105.

SurIVAsTAVA, P. K., GANESHAN, S. & RAY,D. 1974, Tipam Group
in the sub surface of Upper Assam Valley, south of Brahmaputra.
J. Geol. Soc. India, 15(2) : 165-181.

61

Srivastava, N. C., & Banerjee, D. 1969. Hystrichosphzerids from
Tertiary subscrops of Assam, India. 7. Sen. Mem. Vol. 101-108.

Siven, H.P., Sinen,R.Y. & San, S. C.D. 1975. Palynostratigra-
phic correlation of the Palceocene subsurface assemblages from
Garo Hills, Meghalaya. ¥. Palynol. 11(1-2) : 43-64.

Sinem, R. Y. 1977a. Stratigraphy and palynology of the Tura

( Formation in the type area part-II (Descriptive Palynology).
Palaeobotanist. 23(3) : 189-205.

SiveH, R.Y. 1977b. Stratigraphy and palynology of the Tura For-
mation in the type area (part III): Discussion. Palacobo-
tanist. 24(1) ¢ 1-12.

Sivem, R. Y. & Sweu, H. P.” 1978, Morphological observations
on some spores and pollen grains from the Palaeocene subsurface
assemblages of Garo Hillls, Meghalaya. - Palacobotanist, 25 3
475-480,

SiNeH, R. Y. & TewaRrI, B. S. 1979. A notc on the palynostrati-
graphy of the Tertiary sediments of Upper Assam. Bull. Ind.
Geol. Assoc. 12(2) : 151-159.

Stover, L. E. 1975. Observatioas on some Australian Eocenc
dinoflagellates. Geosci. & Man. 11 & 35-45.

Stover, L. E. 1977. Oligocene and Early Miocene dinoflagellates
from Atlantic corehole 5/5 B, Blake Plateau. Amr. Assoc. Strat.
Palynol. Contri. Ser. 5A(1) 3 66-89.

WaLL, D. 1967, Fossil microplankton in deep-sea cores from the
Caribbean Sea. Palacontology. 10 : 95-123.

WaLL, D. & DaLg, B. 1971. A reconstruction of living and fossil
Pyrophacus Stein  (1883) (Dinophyceae). Jour. Phycology. 7 3
221-235.

Wiruiams, G. L. 1975.
the Mesozoic-Cenozoic, offshore eastern Canada.
paper 74-30. 3 : 107-161.

WirLiams, G. L. & BripEaux, W. W. 1975. Palynologic analysis of
Upper Mesozoic and Cenozoic rocks of the Grand Banks Atlantic
continental margin., Bull. Geol. Surv. Canada. 236 : 1-160.

Wirriams, G. L. & Bujak, J.P. 1977a. Cenozoic palynostratigraphy
of offshore eastern Canada. Amr. Assoc. Stratr. Palynol. Contri.
Ser. 5A(1) : 14-47.

WiLiams, G. L. & Bujak, J., P. 1977b. Distribution pattern of
some North Atlantic Cenozoic dinoflagellate cysts. Marine
Micropaleont. 2 ¢ 223-233.

Dinoflagellate and spore stratigraphy of
Geol. Surv. Can.

EXPLANATION OF PLATES

(All the photomicrographs are enlarged ca. X 500, coordinates of specimens in slides refer to the stage of Censico microscope no.

13167).
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QW0 =
N

109.4.

Polysphaeridium subtile Davey & Williams in Davey et al., Slide no. 8369, Coordinates 62.2 x 106.4; 55.0 x 110.4.
Polysphacridium sp., Slide nos. 8370, Coordinates 46.0 x100.1; 8371, Coordinates 33.0 x 104.6.
Adnatosphaeridium vittatum Williams & Downie in Davey et al., Slide no. 8371, Coordinates 33.7 x98.3; 8372, Coordinates 52.2 X

6. Impletosphasridium insolitum Eaton, Slide no. 8373, Coordinates 42.0 xX110.5.

8,9.

Membranilarnacia donaensis sp. nov., Slide nos. 8374, Coordinates 61.0 x 104.1 (Holotype); 8375, Coordinates 43.2 x100.8.

10. Cordosphaeridium inodes (Klumpp) Eiseaack, Slide no. 8370, Coordinates 56.0 x110.3.
11. Cordosphaeridium multispinosum.Davey & Williams iz Davey et al., Slide no. 8369. Coordinates 35.6 X 103.4.

12,13, 14.
47.5%x110.3; 8377, Coordinates 59.4 x 109.4.

Cordosphaeridium fibrospinosum Davey & Williams in Davey et al., Slide nos. 8369, Coordinates 53.3 x 101,6; 8376, Coordinates
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16.

17.

18, 19.
20.

21, 22,23,

24.

25,26.
27.
28.
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PraTe II

Cordosphaeridium gracilis (Eiscnack) Davey & Williams in Davey et al., Slide no. 8377, Cooordinates 3+.0 X 110.2.

Operculodinium sp. cf. 0. major Jain & Dutta iz Dutta & Jain, Slide no. 8378, Cooordinates 60.7 x 105.8. d
Achomosphazra ramulifera (Deflandre) Evitt, Slide no. 8374, Coordinates 52.5x108.6.

Achomasp'iasra sagena Davey & Williams iz Davey et al.,Slide no. 8379. Coordinates 56.7 x 104.7, 30.2 X 108.5. —
Homotryblium floripes (Deflandre & Cooksoa) Stover, Slide no. 8377, Coordinates 53.3 x94.8.

Homotryblium meghalayaensis sp. nov., Slide nos. 8370, Coordinates 33.0 x 101.3,53.3 x97.8; 8374, Coordinates 36.1 x100.8 (Hmr)-
type

Tube)?oulodmun vancanporz (Rossigiol) Wall emend. Wall & Dale, Slide no. 8373, Coordinates 61,1 x110.1.

Diaocyst type 2, Slide nos. 833), Coordinates 52.10 X97.7; 8331, Goordxnate> 53.7 X 114.6. -

Dinocyst type 3, Slide no. 8121, Coordiaates: 5+.0 x96.5
Dinocyst type 1, Slide no. 8382, Coordinates 62.5 x110.5.
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