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ABSTRACT

Garg R & Ateequzzaman K 2000. Dinoflagellate cysts from the Lakadong Sandstone. Cherrapunji
area: biostratigraphical and palacoenvironmental significance and relevance to sea level changes in the
Upper Palacocene of the Khasi Hills, South Shillong Plateau, India. Palacobotanist 49(3) : 461-484,

The biostratigraphical and palacoenvironmental significance of diagnostic Late Palaeocene (Thanetian)
dinoflagellate cyst assemblages (dominated by Apecrodinium and Wilsonidinium species) recovered from
Lakadong Sandstone exposed around Cherrapunji, Khasi Hills (Meghalaya) is discussed. Based on the
occurrence of the cosmopolitan markers, the dinoflagellate cyst assemblages are assigned to the combined
Apectodinium hyperacanthum and A. augusium (Ahy-Aau) Biozones. Integration of dinoflagellate cyst
evidence with larger foraminiferal data from the underlying Lakadong Limestone suggests close
correspondence of the Apecrodinium acme with the Ranikothalia nuttalli- Miscellania miscella Assemblage
(SBZ 5-SBZ6). Estuarine and coastal swamp depositional setting 1s favoured for the coal-bearing Lakadong
Sandstone which is considered to be the lateral facies equivalent of the upper Lakadong Limestone, developed
during sea level highstand. TheTherria limestone/sandstone - Lakadong limestone/sandstone succession of
the Khasi Hills is interpreted (to be deposits of transgressive and high stand system tracts) as representing a
single depositional sequence between two minor sea level falls, possibly corresponding to the 3" order
cycles TA2-1-TA2-3 of the Global Sea Level Cycle Chart.

Key-words—Dinoflagellate cyst biostratigraphy. Palacoenvironment. Sea level changes, Sequence
stratigraphy, Late Palacocene.
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INTRODUCTION

HE Shillong Plateau is situated in Meghalaya. northeast

India, bordering the plains of Bangladesh (Fig. ). It lies
on the southwestern edge of the Assam Shelf, which is
considered to be the northeastern extension of the Indian
Peninsular shield. The Assam Shelf includes the Shillong
Plateau, Garo, Khasi, Jaintia and Mikir Hills and the Upper
Assam Valley (Murty, 1983). The southern fringes of the
Shillong Plateau, commonly referred to as the South Shillong
Plateau, form the Khasi-Jaintia Hills. This is characterised by
extensive development of carbonates alternating with
sandstones ranging in age from Upper Palaeocene to Middle
Eocene, belonging to the Sylhet Limestone Formation. The
geology of the South Shillong Plateau has been dealt in detait
by several workers (Medlicott, 1869; Evans, 1932; Ghosh,
1940; Wilson & Metre, 1953; Nagappa, 1959; Biswas, 1962;
Mathur & Evans, 1964; Chakraborty, 1972; Murthy et al.,
1976; Dasgupta, 1977; Samanta & Raychaudhury, 1983).

The present paper deals with the dinoflagellate cyst
assemblages recovered from the Lakadong Sandstone, the
coal-bearing sandstone unit of the Sylhet Limestone Formation
(Wilson & Metre, 1953; Raja Rao, 1981), exposed around
Cherrapunji in the East Khasi Hills. It is sandwiched between
well-dated larger foraminiferal-algal rich sediments of the
Lakadong Limestone and the Umlatdoh Limestone. Although
terrestrial palynofossils (spores and pollen) have been
documented (Sah & Dutta, 1966; Dutta & Sah, 1970; Kar &
Kumar, 1986), datable benthic or planktonic microfossils are
yet to be recorded from the Lakadong Sandstone. In the
absence of any direct evidence, age interpretations have been
based primarily on its stratigraphical position and have ranged
from Upper Palacocene (Nagappa, 1959; Jauhri, 1994, 1996,
1998) to Lower Eocene (Pandey, 1972). The association of

coal in the Lakadong Sandstone has also evinced keen interest
for interpretations of its depositional environment. According
to Raja Rao (1981) and Misra (1992), the coal-bearing
Lakadong Sandstone was laid down in estuarine or lagoonal
or coastal swampy conditions. However, Pandey and
Ravindran (1988) tavoured a fresh water origin for this unit
considering it to be devoid of marine biota. Recovery of
dinoflagellate cysts from Lakadong Sandstone, especially from
horizons underlying and overlying the coal measures are,
therefore. considered significant in this context.

The objectives of the present study are: (1) to investigate
the dinoflagellate cyst assemblages for their stratigraphical
and palaeoenvironmental significance. (2) to integrate the
information with larger foraminiferal data for the purpose of
stratigraphical precision and facies interpretation. and (3) to
understand the microfossil evidence in terms of the
depositional setting and changes in relative sea level.
Interpretations of the depositional environment have been
made with the support of data provided by Jauhri (1994, 1997)
who made a detailed study of the larger foraminifera and the
carbonate buildup in this region (Jauhri 1988, 1996, 1998).
The inferred relative seca level changes, supplemented by
dinoflagellate cyst and larger foraminiferal bioevents, are
interpreted in a sequence stratigraphic context.

GEOLOGICAL SETTING

The stratigraphic framework of the Upper Cretaceous-
Lower Tertiary shelf sediments exposed in the Khasi and Jaintia
Hills has been the subject of intensive study by several workers.
Evans (1932) redefined the “Nummulitic Series” of Medlicott
(1869) as Sylhet Limestone stage. Wilson and Metre (1953)
assigned separate names to the four limestone bands and three
clastic interbands. The classification of Wilson and Metre
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Fig. I-—Location Map showing main geological features of the South Shillong Plateau (after Mathur & Evans. 1964).

(1953) has been used widely with modifications by later
workers (Nagappa, 1959; Biswas, 1962; Mathur & Evans,
1964; Murthy et al., 1976; Dasgupta, 1977; Raja Rao, 1981).
Biswas (1962) and Raja Rao (1981) subsequently gave the
formal lithostratigraphical status to the chronostratigraphical
nomenclature introduced by Wilson and Metre (1953). The
lithostratigraphical classification followed in the present work
is given in Fig. 2.

The Palacogene carbonate succession exposed on the
South Shillong Plateau belongs to the Sylhet Limestone
Formation, which includes three foraminifera rich limestone
units interbedded with thick sandstone - shales units (Wilson

& Metre, 1953; Nagappa, 1959; Raja Rao, 1981). The Sylhet
Limestone Formation ranges in age from Upper Palaeocene
to Middle Eocene (Thanetian — Bartonian). All three limestone
units contain characteristic and datable larger foraminiferal
assemblages. The Lakadong Sandstone contains thin but
workable coal seams in parts of the Khasi and Jaintia Hills.
The Sylhet Limestone Formation overlies the Upper
Palaeocene Therria Formation which is characterised by hard,
compact, well-bedded sandstones with an extensively
bioturbated sandy horizon, rich in Thallasinoides burrows,
towards the top. This ichno-horizon, which is termed as the
Therria Ichno-horizon, is well exposed south of Cherrapunji
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(e.g., near Cherra Circuit House and Naokalikai Falls picnic  of Jowai near Jarain (Jowai-Muktapur track), southwards of
spot, and Mawsmai Gate on the Cherra-Shella road) in the  Pynurkha (Rymbai-Borghat track) and on the hill slopes
Khasi Hills. It has been found to extend eastward to the south  leading to Khadum (westwards of Jowai-Badarpur Road) in

<

Fig. 2—Stratigraphical classification of Upper Cretaccous- Eocene rocks of the Khasi Hills (Modified after Raja Rao, 1981).
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the Jaintia Hills (see Fig. 1). It is considered to represent a
widespread regional transgressive event, which may serve as
a good marker horizon. The Therria Formation is conformably
overlain by the algal-foram rich Lakadong Limestone to be
followed higher-up by coal-bearing Lakadong Sandstone.

The Lakadong Limestone and Lakadong Sandstone are
exposed over a wide area around Cherrapunji. The overlying
units of the Sylhet Limestone Formation are confined to the
southern fringes of the plateau. Ghosh (1940) mapped the area
in detail, which has provided the basis of subsequent studies
in this area (Fig. 3).

The Lakadong Limestone and Lakadong Sandstone show
a variable development on the Cherrapunji Plateau and along
its southern slopes towards the plains of Bangladesh (Ghosh,
1940). Towards the south, the Lakadong Limestone has the
thickest development as seen at the Therriaghat (Um
Sohryngkew) section. It is attenuated northwards near
Mawmluh, Rangsanobo and Nongthymmai with a considerably
reduced thickness at Cherrapunji. North of Cherrapunji, the
Lakadong Limestone rapidly pinches out towards Laitryngew
(Medlicott, 1869). Near 29 MP (mile post) on Shillong —
Cherrapunji Road section, Lakadong Limestone is completely
absent and the Lakadong Sandstone directly overhes the
Therria Formation. There is a corresponding increase in the
thickness of the Lakadong Sandstone, which shows its thickest

development near Laitryngew and Sohrarim, northwards of
Cherrapunji, but becomes vastly attenuated towards the south
in the Therriaghat section (Fig. 4). Only carbonaceous shales
occur in the Lakadong Sandstone and no coal is found here.
These lateral facies changes, coupled by the juxtaposition
natwure of the two sandstone units (Medlicott, 1869; Ghosh,
1940), seem to have created a considerable confusion
regarding the stratigraphical position of the coal-bearing
sandstones exposed north of Cherrapunji, in the Khasi Hills
and also in parts of the Jaintia Hills. The coal-bearing
Lakadong Sandstone has often been misinterpreted as the
Therria Formation (including the Cherra Sandstone of earlier
workers) in the Cherrapunji Plateau (Sen, 1948 in Biswas,
1962; Sah & Dutta, 1966; Dutta & Sah, 1970, 1974). However,
these coal-bearing sandstones of the Khasi-Jaintia Hills have
long been considered to constitute the lower part of the Sylhet
Limestone Formation (Medlicott, 1869; Ghosh, 1940; Wilson
& Metre, 1953; Nagappa, 1959; Biswas, 1962; Das Gupta,
1977; Raja Rao, 1981; Samanta & Raychaudhuri, 1983).
Biswas (1962) had categorically mentioned that there i1s no
coal associated with the “Cherra Formation™ (Therria
Formation). In the Jaintia Hills, exposures of the coal-bearing
Lakadong Sandstone around Bapung, north of Mynkre along
the Jowai-Badarpur Road (see Fig. 1), have been mapped as
the Therria Formation which has been mistaken as the main

—>

Fig. 5—Studied Sections exposed North of Cherrapunji along the Shillong-Cherrapunji Road (MP refers to ‘milepost’ as marked on the Survey of India

toposheet no. 78 O/11).
I. Section ca 300 m west of road across a rivulet (31/2 MP).

I1. Section on a hillock along the eastern side of the road between 31 & 32 MP (sample NG7 was collected from the other side of the hillock after a traverse
to Nongpriang Valley. The upper part of the hillock exposing more than 30 m of the Lakadong Sandstone, containing a minor coal scam at the top.

was not sampled due (o slumping,)

I1I. Composite section along the road from north of Sohrarim up to Mawmithied (between 24 & 26 MP).
IV. Section near Laitryngew, samples CS8 & CS9 collected from the road side section just south of Laitryngew, overlying the thick succession of coal-

bearing sandstone exposed in the coalfield.
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coal measure unit in the area (Saxena & Tripathi, 1982). The
Therria Formation is exposed near Mynkre (Dutta & Jain,
1980) and coal occurrences near Bapung and other areas in
the Jaintia Hills have been found to be restricted to the
Lakadong Sandstone (Raja Rao, 1981; Misra, 1992). The age
significant findings of the dinoflagellate cyst assemblages
reported from the supposedly Therria Formation (Tripathi &
Singh, 1984; Singh & Tripathi, 1986; Tripathi, 1989) have.
therefore, to be viewed in this context.

MATERIAL AND METHODS

Samples for the present study were collected from
sections exposed north of Cherrapunji. The sections lie along
the Cherrapunji-Shillong Road in vicinity of Cherrapunji,
Laitryngew, Sohrarim and Mawmithied (Fig. 5). Out of 29
samples, 8 proved to be productive of dinoflagellate cysts and
acritarchs. Additional material collected from the Um
Sohryngkew (Therriaghat) section, Nongthymmai and
Mawmluh limestone quarries (south of Cherrapunji) and from
the Jowai-Badarpur Road section in Jaintia Hills has also been
studied for comparison and correlation purposes.

For the recovery of dinofiagellate cysts, the samples were
processed using standard palynological techniques. After HCI
and HF treatment, the macerate was treated with 40% HNO3
for oxidation and washed using 25 pm sieve. After staining
with safranin, the water-free residue was mixed with polyvinyle
alcohol and spread evenly on the glass cover slides. Permanent
slides were prepared by fixing the oven dried cover slides
using Canada balsam as the mounting medium. Study and
photography was carried out on Olympus Vanox —AH?2
microscope with Nomarski Interference Contrast and
automatic photo attachments. The illustrated dinoflagellate
cysts are provided with the England Finder positions on the
respective slides. The slides have been registered and deposited
in the repository of the Museum, Birbal Sahni Institute of
Palaeobotany, Lucknow.

DINOFLAGELLATE CYST ASSEMBLAGES

The organic-walled phytoplankton assemblages
recovered from the Lakadong Sandstone of Cherrapunji area
are well preserved, and show low to moderate species richness

with often-high numerical abundance of individual species.
The assemblages contain 30 species of dinoflagellate cyst and
3 species of acritarch (see checklist; Plates 1-3). A
preponderance of peridinioid dinoflagellate cysts
(Apectodinium and Wilsonidinium) is strikingly evident over
all the other species.

The assemblages contain many species of Apectodinium
including A. hromoniorphum, A. hiyperacanthim, A. parvim,
A. paniculatum, A. quinguelatum and Apectodinium cf. A.
augustum. Another species of Apectodininm, recorded here
as Apectodiniun sp. A, is also very common and is an
important component of the assemblages. Apectodinium sp.
A is characterised by a shorter than broad cyst lacking an apical
horn, much reduced or absent antapical horns and long and
broad lateral horns. Transitional forms between A.
paniculatumn and A. augustum, characterised by very well
developed horns and much longer processes were also recorded
and documented here as Apectodinium sp. B. The assemblages
also show common Wilsonidinium species. Two of the most
commonly occurring species of Wilsonidiniun are documented
here as Wilsonidiniun sp. A and Wilsonidininm sp. B. W.
nigeriense and W. echinosuturatun occur rarely. As detailed
morphologic and taxonomic study of dinoflagellate cysts are
not intended here, a taxonomic account of these significant
morphotypes of Apectodiniium and Wilsonidininm will be
published elsewhere.

Some other important species occurring rarely in the
assemblages include ffecysta pachyderma, Muratodinium
Simbriatuniand Lanternosphaeridium lanosum. The remaining
species in the assemblages (Polysphaeridiun snbtile,
Cordosphaceridiunt inodes, C. exilimurum, Achomosphaera
Sp., Spiniferites spp., Adnatosphaeridinnm multispinosum,
Operculodinium spp., Thalassipliora pelagica and
Amphorosphaeridiun multispinosuni) are longer ranging and
occur rarely.

Out of all the productive samples, richest dinoflagellate
cyst assemblages are recorded from three levels (samples NG7,
CS7 and CS8; see Fig. 5). Occurrence of dinoflagellate cysts
above and below the coal measures 1s significant as it helps to
date precisely the coal occurrences in this region. Assemblages
below the coal measures display high frequencies of both
Apectodinium and Wilsonidinium, while those overlying the
coal measures (Sample CS8) show abundance of Apectodinium

PLATE 1

<

[ 4 Apectodinium paniculatum (Costa & Downie) Lentin & Williams
1977, Slide nos. BSIP 12482 (W44/2). 12481(E46/1).

2,3, Apectodinium hyperacanthum (Cookson & Eisenack) Lentin &
Williams 1977. Slide nos. BSIP 12483 (K59); 12482 (Y52/3).

S, 0. Apectodinium quinguelatum (Williams & Downic) Costa & Downie
1979, Slide nos. BSIP 12480 (N45/4), 12481 (K56).

7.8. Apectodinium cf A. augustum (Harland) Lentin & Williams 1977,

(Al figures in Nomarski Interference Contrast; magnified x 500)

Slide no. BSIP 12482 (V27/1).

9. Apectodimium parvion (Alberti) Lentin & Williams 1977, Slide no.
12482 (R60).
10-12. Apecodinium homomorphum (Deflandre & Cookson) Lentin &

Williams 1977. Slide nos. BSIP 12487 (G60): 12490 (R51/1): 12481
(W52).
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only. Wilsonidinium was not recorded at this level but
Muratodinium fimbriatum is rarely present. Ifecysta
pachyderma and Lanternosphaeridium lanosum (solitary
occurrences) are confined to lower levels (Sample NG7) only.

A few samples taken from the Lakadong Limestone also
yielded dinoflagellate cyst assemblages represented only by
rare Operculodinium, Polysphaeridium and Adnatosphaeri-
dium. Samples of Lakadong Sandstone collected from
southerly exposures at the Nongthymmai and Mawmluh
limestone quarries and the Therriaghat section yielded rare
unrecognisable dinoflagellate cysts and mainly contain
acritarchs including Collumosphaera spp.

Checklist

For taxonomy of genera and species and complete
bibliography, reference is made to that cited in Williams ez al.
(1998) for dinoflagellate cysts and Fensome et al. (1990) for
acritarchs.

Dinaflagellate cysts:

L. Achomosphaera sp.

2. Adnatosphaeridium multispinosum Williams &
Downie. 1966

3. Amphorosphaeridiun multispinosum (Davey &
Williams) Sarjeant, 1981

4. Apectodinium cf. A. augustum (Harland) Lentin &

Williams, 1977

5. A. homomorphum (Deflandre & Cookson) Lentin &
Williams, 1977

6. A. hyperacanthun (Cookson & Eisenack) Lentin &
Williams, 1977

7. A. paniculatum (Costa & Downie) Lentin & Williams,
1977
8. A. parvum (Alberti) Lentin & Williams, 1977

9. A. quinguelatum (Williams & Downie) Costa &
Downie, 1979

10.  A.longispinosum (Wilson) Bujak & Davies, 1983

11, Apectodiniun sp. A

12 Apectodiniunt sp. B

13, Cordosphaeridium fibrospinosum Davey & Williams,
1966

14. C. gracile (Eisenack) Davey & Williams, 1966

15. C. inodes (Klump) Eisenack, 1963

16.  Diphyes colligerum (Deflandre & Cookson) Cookson
1965

17. Eocladopyxis peniculata Morgenroth, 1966

18. Fibrocysta sp.

19.  Ifecysta pachyderma Jan du Chene & Aderidan, 1985

20.  Lanternosphaeridium lanosum Morgenroth, 1966

21. Muratodinium fimbriatum (Cookson & Eisenack)
Drugg, 1970

22, Operculodinium sp.

23.  Polysphaeridium subtile Davey & Williams, 1966

24. Spinidinium macmurdoensis (Wilson) Lentin &
Williams, 1977

25.  Spiniferites sp.

26.  Thalassiphora pelagica (Eisenack) Eisenack & Gocht
1960 emend. Benedeck & Gocht 1981

27. Wilsonidinium echinosuturatum (Wilson) Lentin &
Williams, 1976

28.  Wilsonidinium sp. cf. W nigeriense Jan du Chene &
Aderidan, 1985

29.  Wilsonidinium sp. A

30. Wilsonidinium sp. B

Acritarchs:

I. Collumosphaera cf. C. fruticosa Jain & Dutta in Dutta
& Jain, 1980

2. Cyclopsiella sp.

3. Pterospermopsis sp.

Previous dinoflagellate cyst records from South Shillong
Plateau

In the South Shillong Plateau, Palaecocene dinoflagellate
cysts have been recorded from the Cherrapunji-Therriaghat
areas of the Khasi Hills and the Jowai-Badarpur Road section
in the Jaintia Hills (Sah er al., 1970; Jain ez al., 1975; Dutta &
Jain, 1980; Jain & Garg, 1982; Tripathi & Singh, 1984, Singh
& Tripathi, 1986; Garg, 1986; Tripathi, 1989; Garg & Jain,
1993, 1996). Upper Palacocene assemblages are known only
from the Jowai-Badarpur Road section (Dutta & Jain, 1980;
Tripathi & Singh, 1984; Singh & Tripathi, 1986; Tripathi,
1989; authors’ unpublished data) and contain species of
Apectodinium.

Dutta & Jain (1980) recorded seven species of
dinoflagellate cyst from the uppermost part of the Lakadong
Sandstone near its contact with the overlying Umlatdoh
Limestone and assigned Late Palaeocene age. Except for
Hystrichokolpoma rigaudae, all the other species are common

<

PLATE 2

(All figures in Nomarski Interference Contrast: magnified x 500)

1-3, 5. Apectodinium sp. A , Slide nos. BSIP 12483 (F64); 12480 (U49 ,
MS50); 12481 (W39/4).

4. Apeclodinium longispinosum (Wilson) Bujak & Davies. 1983, Slide
no. BSIP 12489 (V6l).

0,9. Apectodinium sp. B | Slide nos. BSIP 12487 (J60/2); 12488 (N39/
1.

7. 10.  Wilsonidium echinosuturatum (Wilson ) Lentin Williams 1976.
Slide no. BSIP 12486 (N34/4).
8, 11, 12. Wilsonidium sp. A, Slide nos. BSIP 12480 (K41/4); 12485 (J43/1);

12483 (US1/1).
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to the Cherrapunji area also. Apectodiniiumn parvum is found
1o be the most abundant species while A. fionmomorphum and
A. hyperacantluum are only rarely recorded.

Tripathi & Singh (1984), Singh & Tripathi (1986) and
Tripathi {1989) documented dinoflagellate cyst assemblages
from the so-called Therria Formation (Lakadong Sandstone
as discussed elsewhere in this paper). These studies are
significant as datable dinoflagellate cysts assemblages were
reported from strata associated with coal seams in this area.
The assemblages contain |3 species and show dominance of
Apectodinium, represented by A. homomorphum and A.
parvum only. Other species belong to Adnatosphaeridium,
Homotryvblium, Cordosphaeridium, Operculodinium,
Polysphaeridium and Thalassiphora (recorded as Codoniella
langparensis by Tripathi, 1989) and show a close similarity
with the Cherrapunji assemblages. This has been aptly
corroborated by dinoflagellate cyst evidence from the
Lakadong Sandstone exposed between Bapung and
Lumshnong in the Jowai-Badarpur Road section (authors’
unpublished data). However, no dinoflagellate cysts were
recovered from upper levels of the Therria Formation
underlying the Lakadong Limestone, during the course of the
present study.

Comparable assemblages dominated by Apectodinitum are
widely recorded from India including Vriddhachalam (Jain &
Garg, 1986) and subsurface of Karaikal (Jain & Garg.
unpublished data) in the Cauvery Basin, subsurface of the
Krishna-Godavari Basin (Garg et al., 1995) and subsurface
of the Kutch Basin (authors™ unpublished data). Direct
calibration of these assemblages with the Late Palacocene
nannofossil Discoaster multiradiatus Zone (NP9) has also
been established in the Gopurapuram area, Vriddhachalam in
the Cauvery Basin (Jain er al., 1983; Jain & Garg, 19806).
Recent findings of Apectodinium and Wilsonidinium
assemblages, closely comparable to those recorded in this
report, from the subsurface of the Upper Assam Valley
(authors’ unpublished data) may be extremely useful in
identification of equivalent sediments in the subsurface of the
Assam Shelf.

g

PLATE 3

DISCUSSION

Stratigraphic Significance

The genus Apectodinium is the oldest representative of
the sub family Wetzelielloideae (Family Peridiniaceae), and
is one of the most characteristic and stratigrap‘hically important
genera in the Palacogene dinoflagellate cyst assemblages
worldwide. Standard biozonation schemes based on their
species have been proposed and precisely calibrated with
Standard planktonic foraminifera and calcareous nannofossil
biozonation schemes. Powell (1992, pp. 176-178) re-defined
two Late Thanetian biozones Apectodinium hyperacanthum
(Ahy) and A. augustum (Aau) for the Palaeocene of NW
Europe. The older Ahy Biozone is defined between the FAD
of A. homomorphumn and FAD of A. augustum whereas the
younger Aau Biozone covers the interval between the FAD of
A. augustum and that of P. magnificum. However, Brinkhuis
et al. (1994) reported A. hiyperacanthuon from the early part
of Late Palaeocene close to the Danian ~ Selandian boundary
corresponding to the base of the planktonic foraminifer Zone
P3 inthe low —latitude El Kef Section. [t represents the earliest
stratigraphic occurrence of the genus Apectodinitum. This is
agreed with our unpublished investigations as part of a wider
study encompassing Late Maastrichtian to Palaeocene
dinoflagellate cysts from Meghalaya. In these studies. A.
hyperacanthum has been recorded in the uppermost part of
the Langpar Formation, containing P3 Zone planktonic
foraminifera. A worldwide Apectodiniunt Acme nevertheless
occurs close to the Palaeocene-Eocene Boundary (Harland,
1979; Powell, 1992; Brinkhuis ef al., 1994).

The Aau biozone is characterised by the presence of
Apectodiniun augustum, A. liyperacanthum, A. paniculatum,
A. parviumn, A. guinguelatum and A. suninissum, besides the
rather long ranging A. homontorplun. [t has been calibrated
with calcareous nannofossil Zone NP9 (pars) of Martint
(1971). planktonic foraminifera Zones P5 (pars) plus P6a
(Berggren, 1969; Berggren & Miller, 1988) equivalent to Zone
P5 of Berggren et al. (1995), and the dinoflagellate cyst sub-
Biozone D5a of Costa & Manum (1988). The age of the Aau

(All figures in Nomarski Interference Contrast: magnified x 500)

Wilsonidium sp. B, Slide no BSIP 12480 (Q063/1).
Ampliorosphaeridinm? nudtispinosum (Davey & Williams) Sarjeant
1981. Slide no. BSIP 12482 (V23).

[N}

3. Adnatosphaeridium multispinoswm Willams & Downie 1966. Slide
no. BSIP 12483 (K58/1).

4 Polysphaeridium subtile Davey & Williams 1966 emend. Bujak ¢t
al., Shde no. BSIP 12491 (T60).

5. Eocladopyxis peniculata Morgenroth 1966, Slide no. BSIP 12484
(Q62/2).

6. Cordosphaeridium gracile (Eisenack) Davey & Williams 1966,

Slide no. BSIP 12484 (HG61/2).

7. Spinidinium macmurdoense (Wilson) Lentin & Williams1977. Shde
no. BSIP 12483 (T25).

8. Lanternosphaeridium lanosum Morgenroth 1966, Slide no. BSIP
12484 (V60).

9.12.  Cordosphaeridium fibrospinoswn Davey & Williams 1960, Slide

no. BSIP 12484 (039).

10. Collumosphaera cf. C. fruticosa Jain & Dutta in Dutta & Jain 1980,
Slide no. BSIP 12492 (V45/3).

11 Ifecvsia pachyderma Jan du Chene & Aderidan 1985. Shde no.
BSIP 12485 (W64/1).
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Biozone ranges from Latest Thanetian to base Ypresian
(Powell, 1988, 1992). A. augustunm has its LAD at the
Palaeocene-Eocene Boundary (Powell. 1988; Williams et al.,
1993).

The presence of rich and diverse Apectodinium
assemblages in the Lakadong Sandstone exposed in the
Cherrapunji area suggests its placement in the Aau Biozone
indicating Late Thanetian age. Occurrence of Wilsonidiniun
nigeriense and lfecysta paclyderma, known from Late
Thanetian-Early Ypresian (NP9 or NP9 - NP10O zones) of
Nigeria (Jan du Chene & Adediran, 1985), further supports
assignment of the Lakadong Sandstone assemblages to the
Late Thanetian, close to the Thanetian-Ypresian Boundary.
The Cherrapunji assemblages also contain Spinidinium
macmurdoense, Wilsonidinium echinosuturatum and
Apectodinium longispinosum in common with New Zealand
Late Palacocene assemblages (Wilson, 1968, 1988). However,
in the basal part of the Lakadong Sandstone, immediately
above the Lakadong Limestone but below sample NG7, a
slightly older age (possibly equivalent to Ahy Zone) is
preferred due to the occurrence of a meagre assemblage
containing only A. homomorphuin and Apectodinium sp. A.

The dinoflagellate cyst assemblages assigned to the Ahy/
Aau biozones are found to overlie directly the Glomalveolina
primaeva Assemblage Zone (SBZ3 = Late P4) within the
Lakadong Limestone dated on the evidence of Miscellania
yvettae and M. juliettae from the Cherrapunji section (Jauhri,
1994, 1998, Serra-Kiel er al., 1998). Dinoflagellate cyst
assemblages from levels overlying the coal measures, although
less diverse, are still quite rich in Apectodinium, and in addition
contain M. fimbriatum and A. longispinosum. This is indicative
of a slightly younger age assignable to the upper part of the
Aau Biozone.

In the Therriaghat section, the interval overlying the
SBZ3-SBZ4 assemblage, is represented by the Ranikothalia
nuttalli-Miscellania miscella Assemblage (SBZ 5 to SBZ6),
corresponding to the planktonic foraminiferal Zone P5. It
extends from the upper part of the underlying Lakadong
Limestone to the base of overlying Umlatdoh Limestone and
is dated as “Early Ilerdian / Late Thanetian” (Jauhri, 1994).

The combined evidence of dinoflagellate cysts and larger
foraminifera from Cherrapunji and Therriaghat areas are not
only useful in terms of integrated biostratigraphical resolution,
but also permit inferences to be drawn upon lateral facies
development and interrelationship of Lakadong Limestone and
Lakadong Sandstone. A comparative range chart of selected

p— S

dinoflagellate cyst and larger foraminiferal species is presented
in Figure 6. The evidence indicates that a major part of the
Lakadong Sandstone (including the coal measures), at
Cherrapunji 1s coeval and the lateral facies equivalent ot the
upper part of the Lakadong Limestone which was laid down
in more basinal areas to the south. It is interesting to note that
Biswas (1962) had suggested that coal-bearing sandstones in
areas north of Cherrapunjt were most likely deposited at the
time of limestone deposition (Sylhet Limestone Formation)
of the southerly sections. However, interpretations regarding
their precise age and correspondence with any specific unit of
the Sylhet Limestone Formation were left unresolved by
Biswas (1962).

A suggested correlation of the Cherrapunji Plateau
sections with the Therriaghat section, based on integration of
dinoflagellate cyst and larger foraminifera (Jauhri, 1994. 1996.
1998), is presented in Figure 7. The Glomalveolina primaeva
Zone (SBZ3), identified on the evidence of Miscellanca
yvettae and M. juliettae in the Cherrapunji section, is correlated
to the lower part of the combined G. primaeva- G. levis Zone
(SBZ3-SBZ4) of the Therriaghat section (corresponding to
the upper part of the planktonic foraminifera P4 Zone). The
upper part of the G. primaeva-G. levis Zone (latest P4 Zone),
characterised by total range of G. levis in the Therriaghat
section, is equated with the lower part of Ahy-AauZone at the
base of the Lakadong Sandstone in Cherrapunji section (which
directly overlies the G. primaeva Zone). G. levis is not recorded
from the Cherrapunji section. The Apectodinium acme in the
Cherrapunji section is tentatively correlated to the first
appearance of Ranikothalia nuttalli in the lower part of R.
nuttalli-M. niiscella Zone (SBZ5-SBZ6) corresponding to the
P5 Zone. Occurrence of Muratodiniwm fimbriatum, supporting
a comparatively younger age in the assemblage overlying the
coal measures, is probably correlatable with the uppermost
part of the combined SBZ5-SBZ6 Zones identified at
Therriaghat. Overlying strata, equivalent to the Lakadong
Sandstone exposed in the Therriaghat section, are apparently
not present in the Cherrapunji section or may have been eroded
away. Samples from this part in Therriaghat section show a
preponderance of acritarchs (Collumosphaera spp.), observed
in the Mawmluh Limestone quarry section also which lies
between Therriaghat and Cherrapunji (see Fig. 4). The larger
foraminifera from the basal part of the overlying Umlatdoh
Limestone at Therriaghat show the appearance of Daviesina
ruida in association with R. nutralli, indicative of an “early
Ilerdian’/Late Thanetian age, corresponding to late P5 Zone

Fig. 6—Comparative Range Chart of selected species of dinoflagellate cysts and larger benthic foraminifera recorded in Cherrapunji- Therriaghat area.
(1) The Dinoflagellate Cyst Zones and Shallow Benthic Zones (SBZ) are directly integrated with Standard Foraminifera/ Nannofossil Zones by respective

authors; their correlation shown here is by tmplication:

(i) The Planktonic Foraminifer P5 Zone of Berggren ef al. 1995 incorporates Subzone P6a of Berggren 1969 and Berggren & Miller, 1988.

(iii) Shaded part in the Epoch/ Age column shows the Palacocene/ Eocene “Boundary Time Span” in Shallow Tethys Region indicated by Molina er al.
(1992) spanning the interval between ~ 54.6 10 55.5 Ma according to Serra-Kiel ez al. (1998) & Berggren er af. (2000, p. 45, fig. 3) .

(iv) In Dinocyst Bizonation Scheme of Powell (1992), the top of NP9 Zone is placed in the basal Early Eocene following Hag ef al. (1987a).



Fig. 7—Correlation of Therriaghat and Cherrapunji Plateau section.

(Jauhri, 1998). Significantly, the occurrence of Apectodiniumn
hyperacanthum is noted in the basal part of the Umlatdoh
Limestone, (overlying the Apectodinium acme horizon in the
upper levels of the Lakadong Sandstone), in the Thangski
Coffee Garden section, Jowai-Badarpur Road in the Jaintia
Hills. The evidence from Meghalaya allows integration
between larger foraminifera and dinoflagellate cysts (as Ahy-
Aau Biozones are found to closely calibrate with SBZ4 to
lower part of SBZ7). The close stratigraphic correspondence
of the Apectodinium Acme with the Ranikothalia nurtalli-
Miscellanea miscella Assemblage Zone is suggested. It is
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noteworthy that correspondence of the lower part of the A.
hyperacanthum Zone (equivalent to the combined Ahy-Aau
Biozones) with G. levis Zone has also been noted in the North
Pyrenees of Europe (Tambareau, 1994).

Palaeoenvironmental aspects

A predominance of Apectodinium is considered to be
indicative of low salinity, estuarine or near shore environments
(Downie er al., 1971; Costa & Downie, 1976). Its acme in
NW Europe represents reduced salinity in a depositional
setting below wave base with anoxic bottom conditions
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(Heilmann-Clausen, 1985). The occurrence of bacterial
infestation and pyrite relic structures (sensu Neves & Sullivan,
1964) on cyst walls of Apectodinium (pl. 1, fig. 11;pl. 2, fig.
6) is suggestive of post depositional biodegradation of cysts
in areducing environment. Similar conditions have been noted
in the Apectodinium suite reported from the Krishna-Godavari
Basin (Garg et al., 1995). The association of Apectodinium
rich assemblages with NP9 Zone calcareous nannofossils
(dominated by tiny Braarudosphaerids) has been attributed to
near shore, low salinity, restricted marine conditions (Jain &
Garg, 19806).

The occurrence of Apectodinium rich levels in the
Lakadong Sandstone, therefore, suggests low salinity, reducing
bottom conditions probably below wave base. The association
of pyrite relic structures with dinoflagellate cysts in the upper
part points towards anoxic bottom conditions. The occurrence
of iron sulphide has been noted in the upper horizons of
Lakadong Sandstone near its contact with the Umlatdoh
Limestone in the Cherrapunji- Shella Road section, Khasi Hills
and the Thangski Coffee Garden section (Jowai-Badarpur
Road) in Jaintia Hills. In the Therriaghat and Mawmluh
sections, the predominance of almost monospecific assemblage
of acritarchs and rarity of dinoflagellate cysts in the uppermost
Lakadong Sandstone may indicate stressful conditions (see
Tyson, 1995).

In a study based on larger benthic foraminifera from the
Lakadong Limestone in South Shillong Plateau, Jauhri (1994,
1996) related the foraminifera-algal rich carbonate buildups
to the phase of “Expanded Oligotrophy” in a shallow neritic
setting that began to develop during P4 (Thanetian) times in
the Shillong region. This phase is characterised by the
emergence of carbonate platform environments during the
deposition of the Lakadong Limestone and continued up to
the deposition of the Umlatdoh Limestone. The oligotrophic
setting, however, seems to have been interrupted for a while
when limestone deposition was hampered and the coal-bearing
Lakadong Sandstone was laid down.

According to Brasier (1995), the marine ecosystem is
under prolonged influence of oceanic control which operates
through the interaction of several factors including climate,
sea level fluctuations, nutrient influx, terrigenous input,
upwelling, ocean mixing, etc. A state of Oligotrophy is
generated during high stands of sea level when the climate is
warmer and sea waters are depth stratified with low nutrient
supply (Brasier, 1995). Because of decreased terrigenous flux
and increased production of carbonate precipitating organisms,
oligotrophy enhances carbonate buildups on shallow shelves
(Hottinger, 1987). During low stands of sea level, with
relatively cooler climates and highly connective seawaters,
eutrophic conditions are likely to develop. Such conditions
lead to considerable mixing of water masses and thereby
enriched nutrient supply. This is also accompanied by increased
terrigenous flux giving rise to stressed environments and often

accompanied by reduced salinity. In such an environment,
carbonate precipitation is hampered resulting in considerable
loss of carbonate platform environments and the destruction
of larger foraminiferal populations (Caron & Homewood.
1983; Jauhri, 1997).

Phytoplanktons, especially dinoflagellate cysts, are
important (palaeo) biological indicators of upwelling and
eutrophication events. A predominance of Peridiniacean cysts
(P) over Gonyaulacacean cysts (G) have been used as marker
for palaeco-upwelling based on the studies of the Late Miocene
to Holocene succession of the Bering Sea and North Pacific
(Bujak, 1984). and Quaternary sediments off Peruvian Coast
(Powell er al., 1992). An increase in phytoplankton biomass
typically takes place during eutrophication events caused by
coastal upwelling (Powell er al., 1992) or river discharge
(Malone, 1991).

In the context of a prolonged phase of “Expanded
Oligotrophy”, in the Shillong Shelf, it may be possible to record
a short-lived phase of eutrophic conditions developed as a
consequence of changes in the depositional environment. The
overall predominance of P-cysts and the rarity of G-cysts in
the Lakadong Sandstone points towards stressful conditions
due to the onset of deposition in estuarine-coastal swamp
environments. Lowered salinity caused by very high terrestrial
runoff is indicated by the abundance of land derived plant
debris, which tends to accompany increased terrigenous flux.
Sudden replacement of the dinoflagellate cyst assemblages
by an almost monospecific assemblage of the acritarch
Collumosphaera in the thin Lakadong Sandstone wedge
(between thick foram-rich limestones in Therriaghat section)
may have taken place due to shallowing accompanied by
increased fresh water flux. Carbonate precipitation was
hampered for a short period. These conditions seem to be
indicative of a short-lived eutrophication event associated with
a sea level low stand towards the top of the Lakadong
Sandstone sandwiched between a major phase of “Expanded
Oligotrophy’ towards the end of the Palaeocene.

DEPOSITIONAL SETTING AND
SEQUENCE STRATIGRAPHIC
CONSIDERATIONS

A comprehensive study of larger foraminifera and facies
development of the carbonate buildup in the Cherrapunji-
Therriaghat area by Jauhri (1988, 1994, 1996, 1998) has
provided the basic depositional framework of the studied
succession. According to Jauhri (1994; personal
communication), the Lakadong Limestone represents deposits
of a progradational cycle of the carbonate platform laid down
during sea level high stand. This began after the Late
Palaeocene marine flooding event, correlative to the Therria
{chno-horizon, possibly before the G. primaeva Zone
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(equivalent to early P4 Zone). Evidence from dinoflagellate
cysts and other related data have now made it possible to
understand the depositional setting of the Lakadong Sandstone
and associated strata and interpret the Upper Palaeocene
succession of Khasi Hills in a sequence stratigraphic context
(Figs. 8-9).

The Thallasinoides -rich Ichno-horizon towards the top
of the Therria Formation represents a transgressive shelf sheet
sand body formed during upward deepening as a consequence
of the rise in relative sea level after the post-Langpar sea level
fall. It is a widespread planar deposit of regional extent, albeit
with some variations in the burrowing intensity (in the Khasi-
Jaintia Hills) and may serve as a marker bed within the Therria
Formation. Reduced sediment supply during the transgression
favoured the prolific growth of burrowing organisms and
extensive bioturbation under subtidal conditions with a well-
oxygenated soft ground substrate. This Ichno-horizon
represents a marine flooding event of regional extent and
indicates the most landward position of the shoreline extending
farthest northward onto the Cherrapunji Plateau (see Fig.4).
The overlying strata of the Therria Formation are relatively
thin bedded, finer sandstones/siltstones containing thin black
carbonaceous organic-rich partings and burrowed horizons.
The Therria Ichno-horizon could be interpreted as a maximum
flooding surface (mfs) or else, together with the overlying
strata, may either represent a maximum flooding zone (sensu
Emery & Meyers, 1996).

Continued decrease in sediment supply supported the
growth of algal-foram rich carbonate buildups that began to
aggrade during the period of sea level high stand on the shallow
shelves in lower shoreface/offshore region. This occurred
mainly under low-water energy conditions, possibly below fair-
weather wave base, with depths ranging between 10-20 m or
even less (Jauhri, 1994). Sudden increase in terrigenous flux
during a further deceleration of sea level rise resulted in rapid
progradation of the shoreline. Carbonate buildups on the
innermost part of the shelf in Cherrapunji Plateau region were
obliterated giving rise to estuarine conditions. Alternating
sandstone/shale, showing limited burrowing activity (mostly
thin horizontal tubes), and laminated carbonaceous shale
partings (rich in terrestrial organic matter and low diversity
but rich peridinioid dinoflagellate cyst assemblages, and a total
lack of body fossils) is indicative of fluctuating low salinity
reducing bottom (?partly anoxic/ dysoxic) conditions below
wave base. Coeval with this, carbonate deposition continued
uninterrupted under well-oxy genated normal marine conditions
in more basinal areas at Therriaghat. Continuation of the
progradational cycle during sea level high stand gave rise to
coastal swamp conditions leading to the development of thin
impersistent coal seams in bays or back water swamps (Misra,
1992) enhanced by periodic cutoff of clastic supply.
Occurrence of mangrove pollen in associated sediments (Kar
& Kumar, 1986) also favours proximity to the shoreline.

Mangroves grow along tropical coasts and estuaries under tidal
influence with ability to root in an anoxic substratum
(Chapman, 1977 in Van Campo, 1986). A wet and humid
climate is postulated on palynomorph evidence (Misra, 1992).
The peat accumulation that was taking place just landward of
the shoreline in still water, low energy bottom conditions was
frequently interrupted by active channel shifting (Misra, 1992)
and intermittently increased terrigenous supply which is
suggested by relatively high ash content of these coals (Raja
Rao, 1981). The progradational cycle seems to have
culminated with cessation of peat accumulation during late
high stand possibly due to a change in sediment supply (which
caused inundation of the peat mires by estuarine waters and
cessation of coal formation before final withdrawal of the sea).
Although the overlying sedimentary succession is missing from
Cherrapunji area, the thin wedge of Lakadong Sandstone
overlying the Lakadong Limestone in Therriaghat section
provides evidence of a short-lived relative sea level fall. The
common occurrence of acritarchs and lack of recognisable
dinoflagellate cysts, with high influx of terrestrial organic
matter, in this unit is indicative of a general shallowing trend.
Consequent upward shallowing in the upper part of the
Lakadong Limestone in the basinal Therriaghat section is also
reflected by the transition from dominantly wackestone facies
to packstone/ boundstone facies (Jauhri, 1994; Nichols, 1999).
That the shelf area was not exposed completely (as a
consequence of the withdrawal of the sea) is indicated by the
lack of fluvial sediments or an erosional contact at the top of
Lakadong Sandstone. This Late Thanetian relative sea level
fall seems to have lasted only for a short period and was
followed soon after by a relatively rapid sea level rise during
latest Thanetian- early Ypresian times as evidenced by thick
carbonate buildups of the overlying Umlatdoh Limestone. The
inferred relative sea level changes in South Shillong are
indicated in Fig. 9.

The identification of these short term sea level
fluctuations during the Late Thanetian (close to the
Palaeocene-Eocene boundary) supplemented by dinoflagellate
cysts and foraminifer bioevents facilitates correlation of the
Upper Palaeocene sequences of Khasi-Jaintia Hills with the
Haq et al. (1988) Sea Level Cycle Chart (see Fig. 9). The
Langpar Formation exposed in the Um Sohryngkew
(Therriaghat) section presents one of the most complete Upper
Maastrichtian-Danian dinoflagellate cyst (Garg & Jain, 1993;
authors’ unpublished data), calcareous nannofossil (Garg &
Jain, 1995; Garg, unpublished data) and planktonic foraminifer
{Pandey, 1981; Pandey & Ravindran, 1988) records in the
Indian region. The dinoflagellate cyst and planktonic
foraminiferal rich Danian shales/limestones of the Langpar
Formation in Therriaghat area are overlain by a sandy-shaly
succession (the uppermost part of which contains A.
hyperacanthum along with a sudden flux of terrestrial plant
debris but lacks planktonic foraminifera). It overlies the P,
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pussila bearing calcareous shales/limestones, indicating P3
Zone (Pandey, 1981). The shallowing upward trend at the top
of the Langpar Formation is indicative of a fall in relative sea
level. The hard sandy limestones (recrystallised and dolomitic
at places) at the base of the Therria Formation, containing
porcellaneous and arenaceous foraminifers, with a few
calcareous perforate forms (Nagappa, 1959), represents a
marine flooding event and deposits of the early transgressive
phase. The relative sea level rise subsequent to the post-
Langpar sea level fall in the late Selandian (late P3Zone)
matches with the base of the 3" order cycle TA 2.1. The Therria
Ichno-horizon that predates the G. primaeva Zone (late P4)
may correspond with the maximum flooding surface within
TA 2-1 at 56'5 Ma (although precise age control is missing).
The Therria Formation represents transgressive deposits while
the aggradational-progradational succession of the Lakadong
Limestone and Lakadong Sandstone are representatives of
highstand system tract deposits (with extremely short-lived
period for coal formation). This brief phase of coal formation
seems to be a widespread coeval event during a sea level
highstand in the entire Garo-Khasi-Jaintia hilly tract. The sea
level fall at the top of Lakadong Sandstone apparently
corresponds to the top of TA2-3 on the evidence of
dinoflagellate cysts (Aau Biozone) and larger foraminifera
(SBZ 0) that may be calibrated with the late P5 Zone of
planktonic foraminifera. Thus, the combined Therria
I.imestone/Sandstone-Lakadong Limestone/Sandstone
succession of Khasi Hills represents a single retrogradational-
progradational depositional sequence, that possibly
corresponds to combined 3" order cycles TA2-1-2-3 (despite
the lack of more precise plankton dating). With the available
data, itis not yet possible to find signatures of sea level changes
that may have been associated with the cycles TA2-2 and
TA2:3. A detailed analysis involving sedimentological and
biostratigraphical data from additional sections may
considerably enhance our understanding of the Upper
Palaeocene sequences of the South Shillong Plateau.

CONCLUSIONS

L. Dinoflagellate cyst assemblages from Lakadong
Sandstone indicate a Late Thanetian age (Ahy-Aau
Biozones), close to the Palaeocene - Eocene boundary.

2. Dinoflagellate cyst evidence suggests that the
deposition of coal-bearing sediments in the Lakadong
Sandstone was an extremely short-lived event.

3. The predominance of Apectodinium indicates reduced
salinity in a depositional setting (below wave base with
anoxic bottom conditions) supporting estuarine to

<

coastal swamp depositional environments for the coal-
bearing Lakadong Sandstone.

4. The close stratigraphical correspondenge of the
Apectodinium Acme (Aau Biozone) with the
Ranikothalia nuttalli - Miscellanea miscella
Assemblage Zone of Larger Foraminifera (SBZ 5 -
SBZ6) is suggested.

5. The Lakadong Sandstone on the Cherrapunji Plateau
region is the lateral facies equivalent of the upper part
of Lakadong Limestone in the more basinal areas of
Therriaghat area.

6. The Therria Limestone/Sandstone-Lakadong
Limestone/Sandstone sequence of Khasi hills
represents deposits of transgressive and highstand
system tracts, representing a single depositional
sequence between post-Langpar and post-Lakadong sea
level falls corresponding broadly to the 3" order cycles
TA2-1-TA2-3.

Acknowledgements—The authors are grateful 10 Prof Anshu K
Sinha, Director, BSIP for facilities and constant encouragement.
Sincere appreciation is expressed 1o KP Jain, BSIP, AK Jauhri, De-
partmeni of Geology, University of Lucknow and Late SK Duna,
Dibrugarh University for help during fieldwork and for many sug-
gestions. We are especially grateful 1o IB Singh and AK Jauhri,
Deparmment of Geology, University of Lucknow, for stimulating dis-
cussions and advice, which considerably improved our interpreta-
tions. Constructive comments by AJ Powell, Surrey, UK, who criti-
cally reviewed the manuscript, are highly appreciated. Avinesh K
Srivastava, Pramod K Bajpai and Pradeep Mohan are thanked for
processing the material, drafting the figures and photoprinting re-
spectively.

REFERENCES

Berggren WA 1969. Rates of evolution in some Cenozoic planktonic
foraminifera. Micropaleontology 15 : 351-365.

Berggren WA, Kent DV, Swisher CC & Aubury M-P 1995. A revised
Cenozoic geochronology and chronostratigraphy. In: Berggren
WA, Kent DV, Aubury M-P & Hardenbol J (Editors)—
Geochronology, Time-scales and Global Stratigraphic Correlation.
Society of Economic Paleontologists & Mineralogists, Special
Publication 54 : 129-212.

Berggren WA, Aubry M-P, van Fossen M, Kent DV, Norris RD &
Quillevere F 2000. Integrated Palaeocene calcareous plankton
magnetochronology and stable isotope stratigraphy: DSDP Site
384 (NW Atlantic Ocean). Palaeogeography, Palacoclimatology,
Palaeoecology 159 : 1-51.

Berggren WA & Miller KG 1988. Palaeogene tropical planktonic
foraminiferal biostratigraphy and magnetobiochronology.
Micropaleontology 34 : 362-380.

Fig. 9—Significant Stratigraphic events and relative Sea Level changes in Late Palacocene of East Khasi Hills, South Shillong Plateau tentatively correlated
with Sea Level Cycle Chart of Haq e al. (1987b, 1988). The Larger Foraminiferal data is taken from Jauhri (1994, 1997, 1998).



482 THE PALAEOBOTANIST

Biswas B 1962. Stratigraphy of the Mahadeo, Langpar, Cherra and
Tura Formations, Assam, India. Bulletin Geological Mining
Metallurgical Society of India 25 - 1- 48.

Brasier MD 1995. Fossil indicators of nutrient level 2: Evolution
and extinction in relation to Oligotrophy. In. Bosence DWJ &
Allison PA (Editors)—Marine Palacoenvironmental Analysis
from Fossils. Geological Society London, Special Publication
83 : 133-150.

Brinkhuis H, Romein AJT, Smit ] & Zachariasse J-W 1994. Danian
- Selandian dinoflagellate cysts from lower latitudes with special
reference to the El Kef section, NW Tunisia. GFF 116: 46 - 46.

Bujak JP 1984. Cenozoic dinoflagellate cysts and acritarchs from
the Bering Sea and northern North pacific, DSDP Leg 19.
Micropaleontology 30 : 180-212.

Caron M & Homewood P 1983. Evolution of Early planktic
foraminifers. Marine Micropaleontology 7 : 453-462.

(hakraborty A 1972. On the rock stratigraphy. sedimentation and
tectonics of the sedimentary belt in the south west of the Shillong
Plateau, Meghalaya. Bulletin Oil & Natural Gas Commission 9 :
133-150.

Costa LI & Downie C 1976. The distribution of dinoflagellate
Wetzeliella in the Palacogene of north-western Europe.
Palaeontology 19 : 591-614.

Costa LI & Manum SB 1988. The description of the interregional
zonation of the Paleogene (D1 ~ D15) and the Miocene (D16 -
D20). In: Vinken R (Editor)—The Northwest European Tertiary
Basin. Results of the International Geological correlation
Programme, Project No 124. Geologisches Jahrbuch, Reihe A,
Heft 100 : 321-330.

Das Gupta AB 1977. Geology of Assam Arakan region. Quarterly
Journal of the Geological Mining Metallurgical Society of India
49 : 1-54.

Downie C, Hussain MA & Williams GL 1971. Dinoflagetlate cyst
and acritarch associations in the Palaecogene of southern England.
Geoscience & Man 3 : 29-35.

Dutta SK & Jain KP 1980. Geology and palynology of the area around
Lumshnong, Jaintia Hills, Meghalaya, India. Biological Memoirs
5:56-81.

Dutta SK & Sah SCD 1970. Palynostratigraphy of the Tertiary
sedimentary formations of Assam: 5. Stratigraphy and palynology
of South Shillong Plateau. Palaeontographica 131 B : 1-72.

Dutta SK & Sah SCD 1974. Palynostratigraphy of the sedimentary
formations of Assam, India : 4. Age of the Laitryngew-Mawkma
coal-bearing sandstones and their relationship with the Cherra
Formation. Palacobotanist 21 : 48-51.

Emrey D & Myers KJ 1996. Sequence Stratigraphy. Blackwell
Science Ltd, London UK : 297.

Evans P 1932. Explanatory notes to accompany a table showing the
Tertiary succession in Assam. Transactions of the Mining
Geological Institute, India 27 : 155-260.

Fensome RA, Williams GL, Barss MS, Freeman JM & Hill JM 1990.
Acritarchs and fossil Prasinophytes: an index to genera, species
and intraspecific taxa. AASP Contribution Series 25 : 1-771.

Garg R 1986. Significance of dinoflagellate cysts in resolution of
Palacocene time boundaries with special reference to Cherrapunji-
Therriaghat area, Meghalaya. Abstracts Symposium on
Palaeocene of India- Limits and Subdivisions, Indian Association
of Palynostratigraphers, Lucknow, India, 6.

Garg R & Jain KP 1993. Dinoflagellate cysts and calcareous
nannoplankion across K/T Boundary Event at Um Sohryngkew
River, Meghalaya. India. Abstracts V International Conference
on Modern and Fossil Dinoflagellates. Zeist. The Netherlands:
43.

Garg R & Jain KP 1995. Significance of the terminal Cretaceous
calcareous nannofossil marker Micula prinsii at the Cretaceous-
Tertiary boundary in the Um Sohryngkew section. Meghalaya,
India. Current Science 66 :1012-1017.

Garg R & Jain KP 1996. Integrated phytoplankton stratigraphy across
K/T boundary at Um Sohryngkew, Meghalaya, northeast India.
Abstracts Golden Jubilee Conference on Physical and biological
changes across the major geological boundaries, BSIP, Lucknow,
India: 34-35.

Garg R, Khowaja-Ateequzzaman & Jain KP 1995. Occurrence of
the marker dinoflagellate cyst Apectodiniun in Narsapur Well-1,
Krishna-Godavari Basin, India. Palacobotanist 42: 363-371.

Ghosh AMN 1940. The stratigraphical position of the Cherra
Sandstone. Assam. Record Geological Survey of India 75 . 1-19.

Haq BU, Hardenbol J & Vail PR 1987a. Chronology of Fluctuating
Sea Levels Since the Triassic. Science 235: 1156-1167.

Haq BU, Hardenbol J & Vail PR 1987b. The new chronostratigraphic
basis of Cenozoic and Mesozoic Sea Level Cycles. In: Ross CA
& Haman D (Editors)—Timing and Depositional History of
Eustatic Sequences: Constraints on Seismic Stratigraphy,
Cushman Foundation of Foraminiferal Rescarch, Special
Publication 24 : 7-13.

Haq BU, Hardenbol J & Vail PR 1988. Mesozoic and Cenozoic
Chronostratigraphy and Cycles of Sca Level Change. Society of
Economic Palacontologists and Mineratogists, Special Publication
42 : 71-108.

Harland R 1979. The Werzeliella (Apectodinium) homomorphum
plexus from the Palacocene-earliest Eocene of North-West Europe.
In : Bharadwaj DC. Singh HP & Tiwari RS (Editors)—
Proceedings of the IV International Palynological Conference.
Lucknow, India 2 : 59-70.

Hielmann-Clausen C 1985. Dinoflagellate stratigraphy of the
uppermost Danian to Ypresian in the Viborg | borehole. central
Jylland. Denmark. Denmarks Geologiske Undersgelse Serie A 7
: 1-69.

Hottinger L 1987. Conditions for generating carbonate platforms.
Memoire Societe Geologica Italiana 40 : 267-271.

Jain KP & Garg R 1982. Revision of some dinoflagellate cysts from
Meghalaya, India. Journal of the Palacontological Society of India
27 : 68-70.

Jain KP & Garg R 1986. Upper Palaeocene dinoflagellate cysts and
acritarchs from Vriddhachalam area. Cauvery Basin, Southern
India. Palacontographica B 198 : 101-132.

Jain KP, Garg R & Joshi DC 1983. Upper Palacocene calcareous
nannoplankton from Vriddhachalam area. Cauvery Basin.
Southern India. Palaeobotanist 31 : 69-75.

Jain KP, Sah SCD & Singh RY 1975. Fossil dinoflagellates across
Maastrichtian-Danian boundary in lower Assam, India.
Palaeobotanist 22 : 1-18.

Jan du Chene RE & Adediran SA 1985. Late Palaecocene to early
Eocene dinoflagellates from Nigeria. Cahiers de
Micropaleontologie 3 : 1-38, pl. 1-25.

Jauhri AK 1988. Observations on the foraminiferal fauna of the basal
part of Sylhet Limestone Group (Lakadong Limestone) from



GARG & KHOWAJA-ATEEQUZZAMAN— DINOFLAGELLATE CYSTS FROM UPPER PALAEOCENE OF INDIA 485

Therriaghat, South Shillong Plateau, Meghalaya. /n: Maheshwari
HK (Editor)—Proceedings of the Symposium on Palacocene of
India, Lucknow, India : 34-42.

Jauhri AK 1994. Carbonate buildup in the Lakadong Formation ol
the South Shillong Plateau, NE India: a micropalaeontological
perspective. In: Matteucci R. Carboni MG & Pignatti JS
(Editors)—Studies on Ecology and Palaeoecology of Benthic
Communities. Bolletina Societe Palacontologia Italiana. Special
Volume-2 : 157-169.

Jauhri AK 1996. Ranikothalia nuutalli (Davies) a distinctive Early
Ilerdian marker in the South Shillong Plateau. NE India. /n:
Pandey J, Azmi RJ & Dave A (Editors)—Contributions to XV
Indian Colloquium on Micropalaeontology and Stratigraphy,
Dehra Dun, India, 209-218.

Jauhri AK 1997. Cretaceous record of larger foraminitera from the
Shillong Plateau, India: an evidence of environmental recovery
during early Cenozoic. Palaecobotanist 46: 118-126.

Jauhri AK 1998. Miscellanea Pfender 1935 (Foraminiferida) from
the South Shillong Region. NE India. Journal of the
Palaontological Society of India 43: 73-83.

Kar RK & Kumar M 1986. Palaeocene palynostratigraphy of
Meghalaya, India. Pollen et Spores 28: 177-218.

Malone TC 1991. River flow, phytoplankton production and oxygen
depletion in Chesapeake Bay. /n: Tyson RV & Pearson TH
(Editors)—Modern and Ancient Continental Shelf Anoxia.
Geological Society London. Special Publication 58 - 83-94.

Martini E 1971. Standard Tertiary and Quarternary calcareous
nannoplankton zonation. /n: Farinacci A (Editor)—Proceedings
I Planktonic Conference, Rome, Italy 2 : 739-785.

Mathur LP & Evans P 1964. Oil in India. 22" International
Geological Congress, New Delhi: 1-87.

Medlicott HB 1869. Geological sketch of the Shillong Plateau in
north-eastern Bengal. Memoires of the Geological Survey of India.
7: 151-207.

Misra BK 1992. Optical properties of some Tertiary coals from north-
eastern India: their depositional environment and hydrocarbon
potential. International Journal of Coal Geology 20 : 115-144.

Molina E, Canudo JI. Guernet C, McDougall K, Ortiz N, Pascual
JO, Pares JM, Samso JM. Serra-Kiel J & Tosquella J 1992. The
Stratotype llerdian Revisited: Integrated Stratigraphy across the
Palacocene/Eocene boundary. Review de Micropaleontologie 35:
143-156.

Murthy MVN, Chakraborty C & Talukdar SC 1976. Stratigraphic
revision of the Cretaceous-Tertiary sediments on the Shillong
Plateau. Record Geological Survey of India 107: 80-90.

Murty KN 1983. Geology and hydrocarbon prospects of Assam shelf
recent advances and present status. /z: Bhandari LL, Venkatachala
BS, Kumar R, Nanjundaswamy S, Garga P & Srivastava, DC
(Editors)—Petroliferous Basins of India. Petroleum Asia Journal
1 1-14.

Nagappa Y 1959. Foraminiferal biostratigraphy of Cretaceous-
Eocene succession in the India-Pakistan-Burma region.
Micropaleontology 5 : 145-192.

Neves R & Sullivan HJ 1964. Modification of fossil spore exines
associated with presence of pyrite crystals. Micropaleontology
10 : 443-452.

Nichols G 1999. Sedimentology and Stratigraphy. Blackwell Science
Ltd,, London UK : 355.

Pandey J 1972. Paleocene- Eocene boundary in Indian Subcontinent.
In: Singh SN (Editor)—Proceedings of the Il Indian Colloquium
on Micropaleontology & Stratigraphy, Lucknow, Indig : 77-84.

Pandey J 198 1. Palacocene smaller foraminifera of Um Sohryngkew
River, Meghalaya. /n : Rashid DA (Editor)—Proceedings of the
VII Indian Colloquim Micropalacontology & Stratigraphy.
Madras, India : 70-152.

Pandey J & Ravindran CN 1988. Foraminifcral controls in the Indian
Palacocene. In: Maheshwari HK (Editor)—Proceedings of the
Symposium on Palaeocene of India: Limits and Subdivisions.
Lucknow, India : 124-184.

Powell AJ 1988. A modified dinoflageliate cyst biozonation for latest
Palaeocene and earliest Eocene sediments from the central North
Sea. Review of Palacobotany & Palynology 56 : 327-344.

Powell AJ 1992, Dinoflagellate cysts of the Tertiary System. /n:
Powell AJ (Editor)—A stratigraphic index of dinoflagellate cysts.
Chapman & Hills, London : 155-252.

Powell Al. Lewis ] & Dodge JD 1992. The palynological expressions
of post- Palaeogene upwelling: a review. /n: Summerhayes CP &
Emeis KC (Editors)—Upwelling Systems : Evolution since the
Early Miocene. Geological Socicty, London, Special Publication
64 :215-228.

Raja Rao CS 1981. Coaltields of India: Coalfields of northeastern
India. Bulletin Geological Survey of India. Series A 45 - 1-76.

Sah SCD & Dutta SK 1966. Palynostratigraphy of the Tertiary
sedimentary formations of Assam: 1. Stratigraphic position of
the Cherra Formation. Palaeobotanist 15 : 72-86.

Sah SCD, Kar RK & Singh RY 1970. Fossil microplankton from the
Langpar Formation of Therriaghat. South Shillong Plateau,
Assam, India. Palaeobotanist 18 : 143-150.

Samanta BK & Raychaudhury AK 1983. A revised lithostratigraphic
classification of Cretaceous-Lower Tertiary Shelf sediments of
the Eastern Khasi and Jaintia Hills, Meghalaya. Quarterly Journal
of the Geological Mining Mettalurgical Society of India 55: 101-
129.

Saxena RK & Tripathi SKM 1982. Lithostratigraphy of the Tertiary
sediments exposed along Jowai-Badarpur Road in Jaintia Hills
(Meghalaya) and Cachar (Assam). Palaeobotanist 30 : 34-42.

Serra-Kiel J, Hottinger L, Caus E, Drobne K, Ferrandez C, Jauhri
AK. Less G, Pavlovec R, Pignatti J, Samso JM. Schaub H. Sirel
E, Strougo A, Tambareau Y, Tosquella ] & Zakrevskaya E 1998.
Larger Foraminiteral Biostratigraphy of the Tethyan Palaeocene
and Eocene. Bulletin Societe Geologique du France 169 - 281-
299.

Singh HP & Tripathi SKM 1986. Palynology of the Jaintia Group
(Palaeocene-Eocene) exposed along Jowai-Sonapur Road,
Meghalaya, India (Part [I). Data Analysis and Interpretations.
Palaeobotanist 35 : 301-303.

Tambareau Y 1994. Palacocene/ Eocene boundary in the platform
deposits of the Northern Pyrenees. Bulletin de la Societe belge
de Geologie 103(3-4) : 293-299.

Tripathi SKM 1989. Algal and fungal remains from Jowai-Sonapur
Road Section (Palaeocene - Eocene). Meghalaya. Palacobotanist
37: 63-76.

Tripathi SKM & Singh HP 1984. Palynostratigraphical zonation and
correlation of the Jowai-Sonapur Road Section (Palacocene-
Eocene) Meghalaya. India. /n: Proceedings of the V Indian
Geophytological Conference, Lucknow. India : 316-328.



484 THE PALAEOBOTANIST

Tyson RV 1995. Sedimentary organic matter. Chapman & Hall.
London UK : 615.

Van Campo E 1986. Monsoon fluctuations in two 20,000- Yr B.P.
Oxygen- Isotope/Pollen records off Southwest India. Quaternary
Research 26 : 376-388.

Williams GL, Lentin JK & Fensome RA 1998. The Lentin and
Williams Index of fossil dinoflagellates 1998 Edition. AASP
Contribution Series 34: 1-817.

Williams GL. Stover LE & Kidson EJ 1993. Morphology and
stratigraphic ranges of selected Mesozoic-Cenozoic dinoflagellate
taxa in the northern Hemisphere. Geological Survey of Canada.
Papers, 92 - 10: 1-137.

Wilson GF & Metre WB 1953. Assam and Arakan. /n : Illing, VC
(Editor)—The Worlds Oilfields: The Eastern Hemisphere, The
Science of Petroleum, 6. London, Oxford University Press: 119-
123.

Wilson GJ 1968. Palynology of some Lower Tertiary coal measurcs
in the Waihao District, South Canterbury, New Zealand. New
Zealand Journal of Botany 6 : 56-62.

Wilson GJ 1988. Palacocene and Eocene dinoflagellate cysts from
Waipawa. Hawkes Bay, New Zealand. New Zealand Geological
Survey Palaeontological Bulletin 57 : 1-96.





