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ABSTRACT:

Chakraborty, A., Ghosh, A K., McCartney, K., Saxena, S., Dey, R. and Roy, L. 2021. Early Pliocene calcare-
ous and siliceous microfossils of the Sawai Bay Formation, Car Nicobar Island, northern Indian Ocean. Acta
Geologica Polonica, 71 (2), 175-198. Warszawa.

The present contribution provides a study of calcareous nannofossils and siliceous microfossils from the Sawai
Bay Formation on Car Nicobar Island, northern Indian Ocean. Two stratigraphically short sediment intervals
near Sawai Bay have been examined. Qualitative and quantitative microfossil analyses show the Sawai Bay
‘A’ Section to be devoid of siliceous microfossils, while 24 well-preserved calcareous nannofossil taxa are
identified. The Sawai Bay ‘B’ Section yields 18 calcareous nannofossil, 33 radiolarian and 25 diatom taxa.
The calcareous nannofossil index taxa (Ceratolithus armatus Miiller, 1974a and C. cristatus Kamptner, 1950)
indicate both sections to be from zones NN12 (CN10b) and NN13 (CN10c) of early Pliocene (Zanclean) age.
The radiolarian taxa, i.e., Didymocyrtis avita Riedel, 1953, Euchitonia spp., Siphocampe lineata (Ehrenberg)
Nigrini, 1977, Stichocorys peregrina Riedel, 1953, Semantis spp. and Stylochlamydium sp. are common in
the Sawai Bay ‘B’ Section, which is assigned to Zone RN9. Most of the diatom taxa are represented by rep-
resentatives of the genera Actinocyclus Ehrenberg, 1837, Azpeitia Peragallo in Témpere and Peragallo, 1912,
Coscinodiscus Ehrenberg, 1839a, Grammatophora Ehrenberg, 1841 and Triceratium Ehrenberg, 1839b, with
the benthic diatom species Triceratium favus Ehrenberg, 1839b being predominant (~35% of the total diatom
count). Siliceous microfossils are also represented by silicoflagellates dominated by Dictyocha spp. and sponge
spicules dominated by astrophorids.

Key words: Zanclean; Calcareous nannofossils; Radiolarians; Diatoms; Silicoflagellates;
Sponge spicules; Andaman and Nicobar Islands; India.

INTRODUCTION

The early Pliocene (5.3—3.6 Million years ago; Ma)
was a time of relatively warmer climate in compari-
son to the present (Brierley et al. 2009) that cooled
during the mid-Pliocene (~3.5 Ma; Matthiessen et
al. 2009). The warm early Pliocene conditions may

serve as an analogue for present and near-future cli-
mate change (Fedorov et al. 2013; Haywood et al.
2016). The sea surface temperature of all three trop-
ical oceans during this period was stable, with long-
term average temperature at ~29°C, more or less sim-
ilar to present values (Fedorov et al. 2013).

The absolute atmospheric CO, concentration
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during the warmest Pliocene (~5—3 Ma) was about
400 ppmv (Tierney et al. 2019; Cui et al. 2020), also
similar to the present (412 ppmv; Cui et al. 2020). Both
the Pliocene and present atmospheric CO, concen-
trations are higher than the pre-industrial Holocene
levels (Filippelli and Flores 2009; Tierney et al. 2019).
Thus, studies of Pliocene climate may enrich the un-
derstanding of near-future changes caused by modern
anthropological activities. For climate models, ocean
temperature and primary productivity measurements
are crucial in the understanding of any relationship
(Versteegh et al. 1996).

Calcareous and siliceous microfossils play a piv-
otal role for correlating the sedimentary rocks and
further understanding of the past environment. Most
previous Indian Ocean biostratigraphy is based on in-
ternational ocean drilling samples that are compara-
tively less detailed than for other geographic regions.
The calcareous and siliceous microfossil record from
the Indian Ocean marine sediments is sparse. Worth
particular mention studies on Neogene calcareous
nannofossils are those by Backman and Shackleton
(1983), Young (1990), Raffi et al. (1995), Dickens and
Owen (1999) and Flores et al. (2014). Schrader (1974)
proposed 21 diatom zones for ~10 to 0.3 Ma from the
Deep Sea Drilling Project (DSDP) Site 238, tropical
Indian Ocean. Fourtanier (1991) recovered diatom
assemblages from the Ocean Drilling Program (ODP)
Site 758, equatorial Indian Ocean, to identify major
diatom zones from the Upper Campanian (no defined
zones), upper Oligocene to lower Miocene (4 zones),
and upper Pliocene to Quaternary (3 zones), with
some of these assemblages being consistent with
those of the equatorial Pacific Ocean (Barron 1985).

This paper covers the biostratigraphy established
by calcareous nannofossils and the analysis of sili-
ceous microfossil groups that include diatoms, radio-
larians, silicoflagellates and sponge spicules from the
Sawai Bay Formation on Car Nicobar Island, north-
ern Indian Ocean.

PHYSIOGRAPHIC AND OCEANOGRAPHIC
OVERVIEW

The Andaman and Nicobar Islands comprise three
distinct groups: Andaman, Nicobar and Ritchie’s
Archipelago. The Andaman group of islands are sep-
arated from the Nicobar group by the Ten Degree
Channel and form an islandic arc that borders the
Bay of Bengal to the west and Andaman Sea to the
east. Car Nicobar Island is the northernmost island
of the Nicobar group, situated at 09°07°-09°13" N;

92°43°-92°50" E (Text-fig. 1A) and topographically
of low relief (Ghosh and Sarkar 2013). The island’s
central part is of comparatively higher elevation
(~175 m). Field observations show predominant mud-
stones and limestones. The outcrops lie on Mus Jetty,
on the western shore adjacent to Keating Point (Text-
fig. 1B).

The original sources of intermediate and deep
Indian Ocean water masses differ (Cawthern et al.
2014). Intermediate Indian Ocean (~1200—3800 mbsl)
derives from Antarctic Bottom Water and North
Atlantic Deep Water, also known as Circumpolar
Deep Water (Vincent 1974; Kawagata et al. 2006).
The Indian Ocean deep water masses derive from
northward flowing cold and oxidised Antarctic
Bottom Water (Peterson 1984; Kawagata et al. 2006).
The Indo-Pacific intermixed marine water masses
and riverine runoff contribute to the Andaman Sea
region (Ibrahim and Yanagi 2006; Amiruddin et al.
2011). Seasonal variation and monsoonal activity,
tides and heat fluxes strongly affect the surface water
circulation with a cyclonic gyre developed during the
summer season (Rizal et al. 2012).

Furthermore, Pacific Ocean studies suggest that
the Andaman Sea productivity was controlled by the
Indonesian Throughflow (ITF) (Keller 1985; Kennett
et al. 1985; Romine and Lombari 1985). Opening
and closing of oceanic gateways also influenced
faunal migratory pathways (Srinivasan and Sinha
1998), such as the Indonesian Gateway between the
Indian and Pacific regions, although the extent of this
closure is debated (Edwards 1975; Berggren 1984;
Keller 1985; Romine and Lombari 1985; Srinivasan
and Singh 1991; Ali et al. 1994). At about 25 Ma,
the ITF developed through major tectonic activities
that include the Pliocene formation of islands and
mountains (Hill and Hall 2003; Kuhnt et al. 2004).
Several studies on the plate tectonics in this region
(e.g., Raju et al. 2004; Cochran 2010) suggest a sig-
nificant re-organization of the islands at ~4-3 Ma.

GEOLOGICAL SETTING

The Andaman-Nicobar Basin is a result of a com-
plex tectonic history linked to the Indo—Burmese
Plate convergence. This basin originated with the
Indian Plate movement towards the north (Curray
2005). The ‘soft’ (initial) collision of the Indian and
Burmese plates took place at ~59 Ma (Klootwijk ef
al. 1992). A 20° anticlockwise rotation of the Indian
Plate before 55 Ma closed the suture zone (Basu et
al. 2012) and slowed seafloor spreading and sub-
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Text-fig. 1. Location of the study area. A — Geological map of Car Nicobar Island, and Andaman and Nicobar Islands, India (modified after
Sharma and Singh 1993). B — Location of the studied sections near Mus Jetty, Car Nicobar Island.

duction velocity along the Sunda Arc system to re-
duce seafloor gradient near the volcanic arc. At the
terminal Eocene to early Oligocene, the main ridge
emerged and initiated major uplift of the Andaman
and Nicobar group of islands (Curray et al. 1979).
However, according to Rodolfo (1969), this basin
originated in the late Miocene and was followed by
another late Pliocene diastrophism.

Among the different Neogene sequences of India,
deep water exposures and shallow marine sediments
are well exposed in the Andaman—Nicobar Basin,
which has attracted stratigraphers and palacontol-
ogists since the early 20™ century. Neogene de-
posits are exposed on Ritchie’s Archipelago, Little
Andaman and some Nicobar group islands. Three
major lithostratigraphic units were distinguished on
Car Nicobar Island: the Sawai Bay, Guitar and Neill
West Coast Formations (Sharma and Bajpai 2011).
The lithostratigraphic type section of the Sawai

Bay Formation (Srinivasan and Sharma 1973) and
the Sawain Regional Stage are situated on this is-
land (Sharma and Srinivasan 2007). Based on the
latest lithostratigraphic interpretation (Sharma and
Srinivasan 2007), the Guitar Formation is equivalent
to the ‘arenaceous limestone’ (Jacob and Sastri 1951),
the Sawai Bay Limestone Member (Srinivasan and
Sharma 1973) and the Kakana Formation (Chandra
and Saxena 1998). For a summary of previous contri-
butions on aspects of Car Nicobar Island lithostratig-
raphy and biostratigraphy see Sharma and Srinivasan
(2007) and Chakraborty and Ghosh (2017).

The Mus Jetty outcrop belongs lithostratigraph-
ically to the Sawai Bay Formation and chronos-
tratigraphically to the uppermost Miocene to lower
Pliocene Sawain Regional Stage (Text-fig. 2A, B).
In this backdrop, the biostratigraphy in the present
study is based on calcareous nannofossils and signif-
icant siliceous microfossils.



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

178 ARINDAM CHAKRABORTY ET AL.

MATERIAL AND METHODS

Samples were collected from the following out-
crops of the Mus Jetty locality in Car Nicobar Island:

Sawai Bay ‘A’ Section (09°14°24.4” N, 92°46°40.6” E,
Text-fig. 1B) lithologically characterized by more or
less homogenous yellowish/grey calcareous mud-
stone (Text-fig. 2A). The outcrop is located at Sawai
Bay, Car Nicobar Island (Text-fig. 1B), regarded as
the Sawai Bay Formation type section (Sharma and
Srinivasan 2007). The outcrop top is covered by
modern coral rags and vegetation. The total outcrop
thickness is ~7.5 m. Thirteen samples were collected
at a regular interval of 55 cm (Text-fig. 2A).

Sawai Bay ‘B’ Section, located southwest of the
‘A’ Section (09°14°4” N, 92°46°34.1” E; Text-fig. 1B).
The section has a thickness of ~8.5 m with the lower
part composed of grey calcareous mudstone and the
upper part composed of hard coralline algal—foramin-
iferal limestone. Four samples were collected at 30 cm
intervals from the outcrop base. A ~25 cm thick red-
dish calcareous clay layer occurs about 80 cm above
the outcrop base. Thirteen samples were collected at
40 cm intervals from ~1 m above the outcrop base.
Two samples were collected from the upper part at
100 cm intervals (Text-fig. 2B).
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For the study of calcareous nannofossils, the
Bown and Young (1998) smear-slide method was ad-
opted. Norland-61 optical adhesive was used as a
mounting medium for the permanent slide prepara-
tion with 5023 mm coverslips and examined un-
der a light microscope (Olympus BX 53 microscope)
in cross-polarised (XPL) and phase-contrast (PC)
modes. Photographs were taken from the same mi-
croscope attached to a digital camera and taxonom-
ically identified according to Young et al. (2017). In
the present study we have adopted the species names
Ceratolithus armatus Miiller, 1974a and Ceratolithus
cristatus Kamptner, 1950. Ceratolithus armatus is
interpreted here to include C. acutus Gartner and
Bukry, 1974, both described from the early Pliocene
of the Indian Ocean (Gartner and Bukry 1974; Miiller
1974a). Holotypes and paratypes of the two taxa are
quite similar and not easily distinguishable (Young e?
al. 2017). The relative abundance of each taxon and
overall nannofossil representation were recorded as:
abundant (A) = >10 specimens/field of view (FOV);
common (C) = >1-10 specimens/FOV; few (F) = 1
specimens/1-10 FOV; and rare (R) = <I specimens/10
FOV. The nannofossil biozones of Martini (1971),
Okada and Bukry (1980), Young (1998) and Backman
et al. (2012) were adopted to identify the relative geo-
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Text-fig. 2. Sedimentologic logs of the sections on Car Nicobar Island showing the lithology and sampling intervals. A — Sawai Bay ‘A’ Section.
B — Sawai Bay ‘B’ Section.
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logical ages based on the first and last occurrences
(FO and LO), respectively.

Samples were chemically processed for siliceous
microfossils with the methodology of Abrantes et al.
(2005) used for diatoms, silicoflagellates and sponge
spicules, and that of Green (2001) for radiolarians.
Microscope slides with 40x20 mm coverslips were
prepared for qualitative and quantitative analyses car-
ried out by a light microscope (LM, Olympus BX
50). Since the frequencies of diatoms and other sili-
ceous microfossils are rare, absolute counts are re-
corded from 20 slides per sample, which often still
failed to achieve 300 total counts as per conven-
tion. Microphotographs were taken with the DP 26
Olympus Digital Camera (Cell Sens Standard). Ratios
of planktic/benthic diatom (Chakraborty and Ghosh
2016; Chakraborty et al. 2019) and nassellarian/spu-
mellarian radiolarian taxa (O’Dogherty and Guex
2002) were analysed in all samples for the estima-
tion of sea-level fluctuations (Chakraborty and Ghosh
2016; Chakraborty ef al. 2019). All figured slides are
housed in the Museum of the Birbal Sahni Institute of
Palaeosciences (BSIP), Lucknow, India.

Planktic and benthic foraminiferal tests were also
observed in the calcareous nannofossil slides but not
formally counted in this study. The foraminifera show
greater abundance in the Sawai Bay ‘B’ Section.

RESULTS
Sawai Bay ‘A’ Section

Samples from the Sawai Bay ‘A’ Section (BSIP
7874/01-7874/12, Text-fig. 2A) yielded few siliceous
microfossils represented by a few sponge spicule and
radiolarian fragments. 24 well preserved calcareous
nannofossil taxa belonging to 14 genera (Table 1) were
identified in 12 samples (BSIP 7874/01-7874/12).
Sample BSIP 7874/13 was observed to be devoid of
both calcareous and siliceous microfossils. Based
on the presence of C. armatus and the absence of
C. cristatus, the section is assignable to the upper
portion of the Ceratolithus tricorniculatus Interval
Zone (Zone NNI12; Martini 1971), equivalent to the
Ceratolithus acutus Range Subzone (Zone CNI10b;
Okada and Bukry 1980) and the Ceratolithus acutus
Range Zone (Zone CNPLI1; Backman et al. 2012)
(Text-figs 3 and 4). Thus, the presence of C. acutus
in all samples clearly indicates a Zanclean age (lower
Pliocene). This is further supported by the absence of
Discoaster quinqueramus Gartner, 1969 at the NN11/
NNI12 boundary (Young 1998).
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Text-fig. 3. Correlation of Zanclean (lower Pliocene) calcareous
nannofossil zones (this study with Martini 1971; Okada and Bukry
1980; Young 1998 and Backman et al. 2012).
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Calcareous Samples (7874/) 01 /02|03[04]05|06/|07]|08]|09]|10/| 11 |12

nannofossils Abundance || | [ | | |
Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan, 1978 C | F | ¥ | F | F | C | C | F | F | F | F | C
Ceratolithus armatus Miiller, 1974a R|IR| R|R|R|R|R|IR|R|R|R|R
Coccolithus pelagicus (Wallich) Schiller, 1930 F|-|/R|-|R|R|~-|] -] ~-|R| - |-
Cryptococcolithus mediaperforatus (Varol) de Kaenel and Villa, 1996 - -1 -1- - R| -] -|-]|-
Cyclicargolithus floridanus (Roth and Hay) Bukry, 1971 -|-]-/-/R| =] = =R | = | =] -
Discoaster brouweri Tan Sin Hok emend. Bramlette and Riedel, 1954 F|F|F|F|F | C|F|F|C|R|]C]|C
Discoaster pentaradiatus Tan Sin Hok, 1927 A|lC|C|F|C|C|C|]F|F|C|C]|F
Discoaster surculus Martini and Bramlette, 1963 F/ F|F|F|F|F|R|F|F|F| - |-
Helicosphaera carteri (Wallich) Kamptner, 1954 and
Helicosihaem wallichii (Lohm)alnn) Opkada and Mclntyre, 1977 cpejejepcjepeFpcpcpcc
Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, 1975 C|R|R|/R|F|F|F|F|F|R|C|F
Pontosphaera multipora (Kamptner ex. Deflandre) Roth, 1970 F|F|F|F|F|F R|F|F|F|F
Reticulofenestra pseudoumbilicus medium (Gartner) Gartner, 1969 C|C|F|F|F|jCc|Cc|jCc|Cc|cCc|C]|C
Reticulofenestra hagii Backman, 1978 -|C/A|J]AJ]A|lC|C|]C|C|C]|C|F
Reticulofenestra minuta Roth, 1970 AJC|A|A AlA|AIA|AA|A|C
Rhabdosphaera clavigera Murray and Blackman, 1898 - | R | -] R -/ -]-]1-1R|-1-
Scyphosphaera globulata Bukry and Percival, 1971 -|-|/-|R|]R|-—|R|R|R|R|]R|-
Scyphosphaera pulcherrima Deflandre, 1942 -|R| - | =-|=-]=-]=-]=-]-]R | —-|-
Sphenolithus abies Deflandre in Deflandre and Fert, 1954 AlA|AAIA|/AJA|IC|AA|C|C
Sphenolithus heteromorphus Deflandre, 1953 -l=-'=-1-1=-/-|-1=-1-1-1-1R
Thoracosphaera heimii (Lohmann) Kamptner, 1944 - |- -|R| = =|=]=1=1-1-1=
Thoracosphaera albatrosiana Kamptner, 1963 -|R| == =]1=]=-]1=]1=-1-1-1|-
Thoracosphaera tuberosa Kamptner, 1963 - |-/ -1-1-/-|-1-1-1-1R|-=
Umbilicosphaera jafari Miiller, 1974b R|-|-|=-|=-]1=-/=-1-=-1=-1|-|-
Umbilicosphaera rotula (Kamptner) Varol, 1982 and
Umbilicosihaera fbﬁosa((Kanl:pmez) Geisen in Séez et al., 2003 i i L N o e R B B

Table 1. Representation of calcareous nannofossils in Sawai Bay ‘A’ Section, Car Nicobar Island (+ = few, ++ = common, +++ = abundant,
— = absent).

Sawai Bay ‘B’ Section

The calcareous nannofossil assemblage of Sawai
Bay ‘B’ Section comprises 18 taxa belonging to 11
genera (Table 2). The lower part of the section can be
assigned to Zone NN12 of Martini (1971) (~5.33 Ma
— equivalent of Zone CN10b based on the presence
of C. armatus and the absence of C. cristatus). The
FO of C. cristatus in sample BSIP 7874/15 indi-
cates that the upper part of the section belongs to

the Ceratolithus rugosus Interval Zone (Zone NN13;
Martini 1971), i.e., ~5.08 Ma — equivalent to the
Ceratolithus rugosus Range Subzone (Zone CN10c;
Okada and Bukry 1980) and the Sphenolithus neoa-
bies Partial Range Zone (Zone CNPL2; Backman et
al. 2012) (Text-fig. 3). The presence of Sphenolithus
abies Deflandre in Deflandre and Fert, 1954 and the
medium and large sized Reticulofenestra pseudoum-
bilicus (Gartner) Gartner, 1969 also supports assign-
ment to Zone NN13 (Text-fig. 4).

Text-fig. 4. Common calcareous nannofossils from the Sawai Bay sections of Car Nicobar Island. A — Umbilicosphaera foliosa (Kamptner) —»
Geisen in Séez et al., 2003 (BSIP 7874/01). B — Umbilicosphaera rotula (Kamptner) Varol, 1982 (BSIP 7874/01). C — Umbilicosphaera
Jafari Miiller, 1974b (BSIP 7876/10). D — Sphenolithus heteromorphus Deflandre, 1953 (BSIP 7874/01). E — Sphenolithus abies Deflandre
in Deflandre and Fert, 1954 (BSIP 7874/07). F — Discoaster pentaradiatus Tan Sin Hok, 1927 (BSIP 7874/11). G — Discoaster surculus
Martini and Bramlette, 1963 (BSIP 7874/10). H — Discoaster brouweri Tan Sin Hok emend. Bramlette and Riedel, 1954 (BSIP 7874/01).
I — Coccolithus pelagicus (Wallich) Schiller, 1930 (BSIP 7874/10). J — Helicosphaera carteri (Wallich) Kamptner, 1954 (BSIP 7876/03).
K — Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, 1975 (BSIP 7874/02). L — Helicosphaera wallichii (Lohmann) Okada and
Mclntyre, 1977 (BSIP 7874/06). M — Scyphosphaera globulata Bukry and Percival, 1971 (BSIP 7874/05). N — Reticulofenestra pseudoumbi-
licus large (Gartner) Gartner, 1969 (BSIP 7876/13). O — Reticulofenestra pseudoumbilicus medium (Gartner) Gartner, 1969 (BSIP 7874/01).
P — Reticulofenestra hagii Backman, 1978 (BSIP 7874/05). Q — Cyclicargolithus floridanus (Roth and Hay) Bukry, 1971 (BSIP 7874/04).
R — Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan, 1978 (BSIP 7874/07). S — Pontosphaera multipora (Kamptner ex.
Deflandre) Roth, 1970 (BSIP 7874/08). T — Cryptococcolithus mediaperforatus (Varol) de Kaenel and Villa, 1996 (BSIP 7874/05). U-V —
Ceratolithus armatus Miiller, 1974a (BSIP 7876/14). W-X — Ceratolithus cristatus Kamptner, 1950 (BSIP 7876/01, 7876/02).
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Calcareous Samples (7876/ ) 01]02]03]04]05/06/07|08/09(10|11| 12 |13]| 14 | 15 |16

nannofossils Abundance |+ |||+ + ||+ [+
Calcidiscus leptoporus (Murray and Blackman) Loeblich and Tappan, 1978 |C |C|C |F |F | F |F | F R| F|C|C| C|F
Ceratolithus armatus Miiller, 1974a RIRIRIR|-|R|R|- - R |-| R | - |-
Ceratolithus cristatus Kamptner, 1950 - —==-1-1- -1 - |- =] R |R
Coccolithus pelagicus (Wallich) Schiller, 1930 —|-|F|-|-|R|-|R - - |- -1R |-
Discoaster brouweri Tan Sin Hok emend. Bramlette and Riedel, 1954 F|IF/F|C|C|C|F|F F| F |F| C| F |C
Discoaster pentaradiatus Tan Sin Hok, 1927 F|C|C|C|C|C|F|C Cl F|C|C]|F|C
Discoaster variabilis Martini and Bramlette, 1963 FIR/F|F|F|F|C|F s F| F |F| F | C|F
Helicosphaera carteri (Wallich) Kamptner, 1954 and
Helicosihaera wallichz('i (Lohm?amn) Opkada and Mclntyre, 1977 cielcieiciCi-j-p a e cpcp e
Helicosphaera sellii (Bukry and Bramlette) Jafar and Martini, 1975 —|C|F|—=|—-|—-|—-|- § -| - |F| F | F |-
Pontosphaera multipora (Kamptner ex. Deflandre) Roth, 1970 - | RI-|-]-1-] g =/ R|RIR|R R
Reticulofenestra pseudoumbilicus large (Gartner) Gartner, 1969 cicicjc|jc|jc|jci¢y v |-| - |F|F|F|C
Reticulofenestra pseudoumbilicus medium (Gartner) Gartner, 1969 c|ic|cjc|cjc|c|c c,c|cyc|c|cC
Reticulofenestra haqii Backman, 1978 —|=|F|—=|F|—-|-]—- cCIC || - | - |-
Reticulofenestra minuta Roth, 1970 - == - === - - |C| A| A
Rhabdosphaera clavigera Murray and Blackman, 1898 e e e el e e - = |R| R | = | =
Scyphosphaera globulata Bukry and Percival, 1971 === -1-1-1- - F | —-| = | = |-
Sphenolithus abies Deflandre in Deflandre and Fert, 1954 A|C|C|C|F|F Cl A|A|C C
Umbilicosphaera rotula (Kamptner) Varol, 1982 and FlrlrlelE Fl R 3
Umbilicosphaera foliosa (Kamptner) Geisen in Saez et al., 2003

Table 2. Representation of calcareous nannofossils in Sawai Bay ‘B’ Section, Car Nicobar Island (+ = few, ++ = common, +++ = abundant,
— = absent).

Twenty-five diatom taxa belonging to 16 gen-
era were identified in 16 productive samples (BSIP
7876/01-7876/16; Text-fig. 2B; Table 3). The highest
three samples (BSIP 7876/17—7876/19) of this section
were barren. The productive samples also yielded sil-
icoflagellates and sponge spicules. Amongst the dia-
toms, 13 taxa are planktic and 13 benthic, represented
mostly by the genera Actinocyclus Ehrenberg, 1837,
Azpeitia Peragallo in Tempere and Peragallo, 1912,
Coscinodiscus Ehrenberg, 1839a, Grammatophora
Ehrenberg, 1841 and Triceratium Ehrenberg, 1839b
(Text-fig. SA=Y). The benthic diatom Triceratium fa-
vus Ehrenberg, 1839b is the predominant taxon, con-
tributing to ~35% of the total diatom count. In com-
parison to the upper Miocene at Cave Point Section,
Neil Island (Chakraborty and Ghosh 2016), the pres-
ervation potential of diatom valves in the studied sec-
tion is moderate and their diversity is low. Moreover,

the representation of diatoms is scanty and sporadic,
and thus difficult to correlate with standard diatom as-
semblage zones (Thalassiosira convexa and Nitzschia
miocenica Partial Range Zones; Burckle 1972).
Amongst siliceous microfossils, radiolarians are
dominant and comparatively well-preserved in the
Sawai Bay ‘B’ Section. 33 radiolarian taxa belong-
ing to 24 genera were recognised. Common radio-
larian taxa include Didymocyrtis avita Riedel, 1953,
Euchitonia spp., Siphocampe lineata (Ehrenberg)
Nigrini, 1977, Stichocorys peregrina Riedel, 1953,
Semantis spp. and Stylochlamydium sp. (Text-fig.
6A—V). The section can be assigned to the Sticho-
corys peregrina Interval Zone (Zone RN9; Sanfilippo
and Nigrini 1998) based on the presence of S. pere-
grina throughout the section. Moreover, the presence
of Didymocyrtis avita in most of the samples from the
section base to the top also confirms the assignment

Text-fig. 5. Common calcareous nannofossils from the Sawai Bay ‘B’ Section, Car Nicobar Island. A — Azpeitia tabularis (Grunow) Fryxell —>
and Sims in Fryxell et al., 1986 (BSIP 7876/01). B — Stictodiscus nankoorensis (Grunow) Pantocsek, 1889 (BSIP 7876/02). C — Paralia sulcata
(Ehrenberg) Cleve, 1873 (BSIP 7876/03). D — Triceratium favus Ehrenberg, 1839b (BSIP 7876/02). E — Arachnoidiscus ornatus (Ehrenberg)
Ehrenberg, 1849 (BSIP 7876/03). F, I — Azpeitia vetustissima (Pantocsek) Sims in Fryxell ez al., 1986 (BSIP 7876/06 and BSIP 7876/02). G —
Coscinodiscus sp. (BSIP 7876/03). H — Thalassiosira leptopus (Grunow) Hasle and Fryxell, 1977 (BSIP 7876/05). J — Coscinodiscus radiatus
Ehrenberg, 1841 (BSIP 7876/03). K — Coscinodiscus oculus—iridis (Ehrenberg) Ehrenberg, 1841 (BSIP 7876/03). L — Actinocyclus ellipticus
var. javanica Reinhold, 1937 (BSIP 7876/03). M — Hemidiscus cuneiformis Wallich, 1860 (BSIP 7876/03). N — Actinocyclus ellipticus f. lance-
olata Kolbe, 1954 (BSIP 7876/16). O—P — Diploneis crabro (Ehrenberg) Ehrenberg, 1854 (BSIP 7876/05, 7876/01). Q — Cocconeis sp. (BSIP
7876/04). R — Coscinodiscus sp. (BSIP 7876/02). S — Lyrella investigata (Heiden) Mann in Round et al., 1990 (BSIP 7876/06). T — Surirella sp.
(BSIP 7876/07). U — Grammatophora sp. (BSIP 7876/06). V=W — Plagiogramma sp. (BSIP 7876/02, 7876/07). X — Grammatophora undulata
Ehrenberg, 1841 (BSIP 7876/03). Y — Grammatophora stricta Ehrenberg, 1841 (BSIP 7876/03).
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Samples (7876/ )
Siliceous microfossils

01

02

03

04

05

06

07

08

09

11

12

13

14

Diatoms

Actinocyclus ellipticus Grunow in Van Heurck, 1883

18

12

Actinocyclus ellipticus var. javanica Reinhold, 1937

23

Actinocyclus ellipticus forma lanceolata Kolbe, 1954

Arachnoidiscus ornatus (Ehrenberg) Ehrenberg, 1849

Azpeitia nodulifera (Schmidt) Fryxell and Sims
in Fryxell et al., 1986

Azpeitia tabularis (Grunow) Fryxell and Sims
in Fryxell et al., 1986

Azpeitia vetustissima (Pantocsek) Sims in Fryxell et al., 1986

Cocconeis sp.

Coscinodiscus oculus—iridis (Ehrenberg) Ehrenberg, 1841

Coscinodiscus radiatus Ehrenberg, 1841

Coscinodiscus spp.

Diploneis crabro (Ehrenberg) Ehrenberg, 1854

Grammatophora stricta Ehrenberg, 1841

Grammatophora undulata Ehrenberg, 1841

Grammatophora spp.

Hemidiscus cuneiformis Wallich, 1860

Lyrella investigata (Heiden) Mann in Round et al., 1990

Lyrella sp.

Paralia sulcata (Ehrenberg) Cleve, 1873

Plagiogramma sp.

[e RN

Rhizosolenia sp.

Stictodiscus nankoorensis (Grunow) Pantocsek, 1889

Surirella sp.

Thalassiosira leptopus (Grunow) Hasle and Fryxell, 1977

Triceratium favus Ehrenberg, 1839b

71

TOTAL

114

151

142

\l\‘\‘\‘I‘\‘\‘\‘I‘\‘\‘I‘I‘\‘\‘I‘\‘\‘\‘I‘|‘\‘I‘\l‘\‘l

Radiolarians

Acrobotrys disolenia Haeckel, 1887

Acrosphaera murrayana Haeckel, 1887

Acrosphaera sp.

Axoprunum monostylum Caulet, 1986

Clathrocanium coarctatum Ehrenberg, 1860b

Collosphaera sp.

Cornutella profunda Ehrenberg, 1856

Dictyocoryne profunda Ehrenberg, 1856

Didymocyrtis avita Riedel, 1953

Didymocyrtis spp.

Disolenia zanguebarica (Ehrenberg) Nigrini, 1967

Euchitonia spp.

Flustrella sp. A

Flustrella sp. B

Flustrella sp. C

Larcospira quadrangula Haeckel, 1887

Lithomelissa sp.

Phormostichoartus doliolum (Riedel and Sanfilippo)
Nigrini, 1977

Phormostichoartus fistula Nigrini, 1977

Phormostichoartus sp.

Phorticium pylonium Haeckel, 1887

54

Rhopalastrum sp.

25

Semantis spp.

62
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Siphocampe lineata (Ehrenberg) Nigrini, 1977

24

Solenosphaera sp.

Sphaeropyle cf. langii Dreyer, 1889

Stichocorys peregrina Riedel, 1953 6

Stylodictya validispina Jorgensen, 1905

Stylodictya sp.

Stylochlamydium asteriscus Haeckel, 1887

Stylochlamydium spp.

107

Tetrapyle circularis Haeckel in Zhang and Suzuki, 2017

31

Tetrapyle octacantha Miiller, 1858

TOTAL

280 268|373 160

Sponge spicules

Anatriaen

Astrophorida

Calthrops

Hexactines

Orthodichotriaenes

Oxyasters

Oxyhexactrines

Pinulus

Proanatriaena

Sigma

Triaxonal (Hexactinellid)

TOTAL

Silicoflagellates

Bachmannocena elliptica (Ehrenberg) Bukry, 1987

Dictyocha extensa (Locker) McCartney et al., 1995

Dictyocha cf. fibula subsp. fibula Ehrenberg, 1838

Dictyocha fibula subsp. mutabilis (Deflandre)
McCartney et al., 1995

Dictyocha varia Locker, 1975 30

12| - 6

TOTAL 30

12 | 12 12 | 18

TOTAL COUNT OF SILICEOUS MICROFOSSILS 204

422173 218]404] 152]213]48]100[281]422[189] 196]28]53

S}

Table 3. Occurrence (absolute count) of siliceous microfossils in Sawai Bay ‘B’ Section. The blank columns denote the lack of microfossils.

to Zone RN9 (Kamikuri ef al. 2009). The prevalence
of warm water planktic diatoms and radiolarians is
characteristic of the overall assemblage (Table 4).
Samples from the Sawai Bay ‘B’ Section also yield
moderately preserved silicoflagellates and sponge
spicules. Recovered sponge spicules were abundant
and assignable to cleven groups (Text-fig. 7A—0)
with the maximum diversity observed in samples
BSIP 7876/02 and 7876/12. Astrophorida, oxyasters,
proanatriaena, pinulus, sigma and triaxonal sponge
spicule groups (e.g., Ivanik 1983; McCartney 1987)
were relatively common in most samples, whereas
other groups had sporadic occurrences. Absolute
sponge spicule counts are shown in Table 3.
Silicoflagellates were represented by 5 taxa be-
longing to 2 genera (Text-fig. 7P-T), but observed
only in samples BSIP 7876/01-7876/07 (Text-fig.
2B). Dictyocha varia Locker, 1975 (up to 30 speci-
mens) was the most commonly observed silicofla-

gellate species in the assemblage (Table 3) with other
taxa being rare. Apical bridge morphology changes
of Dictyocha varia to Dictyocha extensa (Locker)
McCartney et al., 1995 (see McCartney et al. 1995)
observed in sample BSIP 7876/07, and the occurrence
of Bachmannocena elliptica (Ehrenberg) Bukry, 1987
in sample BSIP 7876/06 contributes to interpret the
palacoenvironmental changes detected by the afore-
mentioned siliceous microfossils (Table 3). In samples
BSIP 7876/02 and 7876/07, Dictyocha fibula subsp.
mutabilis (Deflandre) McCartney et al., 1995 and D.
extensa are especially abundant. Dictyocha cf. fib-
ula subsp. fibula Ehrenberg, 1838 (see Locker 1974;
McCartney et al. 1995) and Bachmannocena elliptica
are present in samples BSIP 7876/04 and 7876/06,
respectively, whereas not recognised in the other sam-
ples (Table 3).

Quantitative analysis of radiolarian, diatom, silico-
flagellate and sponge spicule microfossils were carried
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Text-fig. 7A-O. Common sponge spicules from the Sawai Bay ‘B’ Section, Car Nicobar Island. A-C — Hexactines (BSIP 7876/01).

D — Oxyhexactrines (BSIP 7876/01). E — Anatriaen (BSIP 7876/01). F — Proanatriaena (BSIP 7876/02). G — Pinulus (BSIP 7876/02). H-I —

Orthodichotriaenes (BSIP 7876/03, 7876/08). J — Sigma (BSIP 7876/02). K — Calthrops (BSIP 7876/08). L — Triaxonal (Hexactinellid) (BSIP

7876/02). M-N — Astrophorida (BSIP 7876/02). O — Oxyasters (BSIP 7876/06). P-T — Common silicoflagellates from the Sawai Bay ‘B’

Section, Car Nicobar Island. P — Dictyocha varia Locker, 1975 (BSIP 7876/01). Q — Dictyocha fibula subsp. mutabilis (Deflandre) McCartney

etal., 1995 (BSIP 7876/02). R — Dictyocha cf. fibula subsp. fibula Ehrenberg, 1838 (BSIP 7876/04). S — Bachmannocena elliptica (Ehrenberg)
Bukry, 1987 (BSIP 7876/06). T — Dictyocha extensa (Locker) McCartney et al., 1995 (BSIP 7876/07).

<— Text-fig. 6. Common radiolarians from the Sawai Bay ‘B’ Section, Car Nicobar Island. A — Tetrapyle circularis Haeckel in Zhang and
Suzuki, 2017 (BSIP 7876/05). B — Tetrapyle octacantha Miiller, 1858 (BSIP 7876/02). C — Disolenia zanguebarica (Ehrenberg) Nigrini,
1967 (BSIP 7876/07). D — Clathrocanium coarctatum Ehrenberg, 1860b (BSIP 7876/01). E — Stichocorys peregrina Riedel, 1953 (BSIP
7876/08). F — Siphocampe lineata (Ehrenberg) Nigrini, 1977 (BSIP 7876/04). G — Cornutella profunda Ehrenberg, 1856 (BSIP 7876/07).
H — Didymocyrtis avita Riedel, 1953 (BSIP 7876/09). I — Phormostichoartus doliolum (Riedel and Sanfilippo) Nigrini, 1977 (BSIP 7876/14).
J — Phormostichoartus fistula Nigrini, 1977 (BSIP 7876/12). K — Stvlodictya validispina Jergensen, 1905 (BSIP 7876/12). L — Flustrella sp.
A (BSIP 7876/06). M — Euchitonia sp. (BSIP 7876/03). N — Acrobotrys disolenia Haeckel, 1887 (BSIP 7876/01). O — Flustrella sp. B (BSIP
7876/07). P — Solenosphaera sp. (BSIP 7876/14). Q — Semantis sp. (BSIP 7876/08). R — Collosphaera sp. (BSIP 7876/12). S — Dictyocoryne
profunda Ehrenberg, 1860a (BSIP 7876/11). T — Lithomelissa sp. (BSIP 7876/10). U — Phormostichoartus sp. (BSIP 7876/11). V — Flustrella
sp. C (BSIP 7876/11).
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Diatom taxa Habitat Ecological preference
Actinocyclus ellipticus Grunow in Van Heurck, 1883 planktic Warm water (Koizumi et al. 2004; Barron 1985)
Actinocyclus ellipticus var. javanica Reinhold, 1937 planktic Warm water (Baldauf 2013)
Actinocyclus ellipticus forma lanceolata Kolbe, 1954 planktic

Azpeitia nodulifera (Schmidt) Fryxell and Sims in Fryxell et al., 1986 planktic Warm water (Koizumi et al. 2004)
Azpeitia tabularis (Grunow) Fryxell and Sims in Fryxell ez al., 1986 planktic Warm water (Koizumi and Yamamoto 2016)
Azpeitia vetustissima (Pantocsek) Sims in Fryxell et al., 1986 planktic Warm water (Frydas and Stefanopoulos 2009)
Coscinodiscus oculus—iridis (Ehrenberg) Ehrenberg, 1841 planktic Cold water (Koizumi and Yamamoto 2016)
Coscinodiscus radiatus Ehrenberg, 1841 planktic Warm water (Pushkar ez al. 1999)
Hemidiscus cuneiformis Wallich, 1860 planktic Warm water (Koizumi 1981)
Thalassiosira leptopus (Grunow) Hasle and Fryxell, 1977 planktic Warm water (Koizumi 1981)
Arachnoidiscus ornatus (Ehrenberg) Ehrenberg, 1849 benthic

Diploneis crabro (Ehrenberg) Ehrenberg, 1854 benthic Temperate water (De Wolf 1982)
Grammatophora stricta Ehrenberg, 1841 benthic

Grammatophora undulata Ehrenberg, 1841 benthic Warm water (Lopez Fuerte et al. 2010)
Lyrella investigata (Heiden) Mann in Round et al., 1990 benthic

Paralia sulcata (Ehrenberg) Cleve, 1873 benthic Warm to cold water (Chakraborty et al. 2019)
Stictodiscus nankoorensis (Grunow) Pantocsek, 1889 benthic

Triceratium favus Ehrenberg, 1839b benthic Temperate water (De Wolf 1982)
Radiolarian taxa

Acrosphaera murrayana Haeckel, 1887 spumellaria Warm water (Haeckel 1887)
Acrosphaera sp. spumellaria Cold water (Sharma and Bora 2007)
Axoprunum monostylum Caulet, 1986 spumellaria Warm water (Caulet 1986)
Collosphaera sp. spumellaria Warm water (Sandoval et al. 2017)
Dictyocoryne profunda Ehrenberg, 1856 spumellaria Warm water (Casey 1977)
Didymocyrtis avita Riedel, 1953 spumellaria Warm water (Caulet 1986)
Didymocyrtis spp. spumellaria Warm water (Welling and Pisias1998)
Euchitonia spp. spumellaria Warm water (Petrushevskaya 1971)
Flustrella spp. spumellaria

Larcospira quadrangula Haeckel, 1887 spumellaria Warm water (Haeckel 1887)
Phorticium pylonium Haeckel, 1887 spumellaria Warm water (Gupta 2020)
Rhopalastrum sp. spumellaria Cosmopolitan (Barwicz-Piskorz 1978)
Sphaeropyle cf. langii Dreyer, 1889 spumellaria Warm water (Gupta et al. 2012)
Stylodictya validispina Jorgensen, 1905 spumellaria Cosmopolitan to Warm water (Benson 1966)
Stylodictya sp. spumellaria Warm water (Boltovskoy 1998)
Stylochlamydium asteriscus Haeckel, 1887 spumellaria Warm water (Boltovskoy 1998)
Stylochlamydium spp. spumellaria Warm water (Boltovskoy 1998)
Tetrapyle circularis Haeckel in Zhang and Suzuki, 2017 spumellaria Cosmopolitian (Chang et al. 2003)
Tetrapyle octacantha Miiller, 1858 spumellaria Warm water (Pisias and Moore 1995)
Acrobotrys disolenia Haeckel, 1887 nassellaria Warm water (Chakraborty and Ghosh 2015)
Clathrocanium coarctatum Ehrenberg, 1860b nassellaria Warm water (Boltovskoy and Vrba 1989)
Cornutella profunda Ehrenberg, 1856 nassellaria Cold water (Boltovskoy and Vrba 1989)
Disolenia zanguebarica (Ehrenberg) Nigrini, 1967 nassellaria Warm Wﬁ;&;ﬁ?i?a?g O'i?gen 1985;
Lithomelissa sp. nassellaria Warm water (Cortese et al. 2003)
Phormostichoartus doliolum (Riedel and Sanfilippo) Nigrini, 1977 nassellaria Warm water (Oseki and Suzuki 2009)
Phormostichoartus fistula Nigrini, 1977 nassellaria Cosmopolitan (Oseki and Suzuki 2009)
Phormostichoartus sp. nassellaria Cold water (Renaudie 2012)
Semantis spp. nassellaria Cold water (Funnell and Reidel 1971)
Siphocampe lineata (Ehrenberg) Nigrini, 1977 nassellaria Cold water (Boltovskoy 1998)
Solenosphaera sp. nassellaria Warm water (Boltovskoy 1998)
Stichocorys peregrina Riedel, 1953 nassellaria Warm water (Riedel 1953; Casey et al. 1983)

Table. 4. Habitat and ecological preference of the recovered species of diatoms (taken into account up to species level) and radiolarian taxa
from the early Pliocene of Car Nicobar Island.
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out on productive samples (BSIP 7876/01-7876/16,
Table 3) exclusive of samples BSIP 7876/09 and
7876/10, in which calcareous nannofossils and dia-
toms were not observed. Radiolarians dominate the
biosiliceous composition with up to 95% in sample
BSIP 7876/11 (Text-fig. 8A). The maximum diatom
contribution (up to 65%) was observed in sample BSIP
7876/05 (Text-fig. 8A). Siliceous sponges were most
abundant (up to 49%) in sample BSIP 7876/10 (Text-
fig. 8A). A much lower silicoflagellate percentage (up
to 15%) was observed in sample BSIP 7876/01 (Text-
fig. 8A).

The planktic/benthic diatom ratio is conven-
tionally used to interpret sea-level fluctuations
(Chakraborty and Ghosh 2016) and was analysed
here in all samples from the Sawai Bay ‘B’ Section
(Text-fig. 8B). From this analysis, planktic diatoms
prevail in samples BSIP 7876/03, 7876/06, 7876/07,
7876/11 and 7876/16 with relative counts that pro-
gressively increase from 62%, 65%, 80% to 100%,
respectively. Benthic diatoms are more abundant
compared to planktic in samples BSIP 7876/02,
7876/04, 7876/11, 7876/12 and 7876/13 (Text-fig.
8B). The radiolarian nassellarian—spumellarian
ratio is also used to interpret sea-level fluctua-
tions (O’Dogherty and Guex 2002; Lukeneder and
Smreckova 2006). In the Sawai Bay ‘B’ Section,
spumellarians were consistently dominant among
radiolarians (Text-fig. 8C).

DISCUSSION
Biostratigraphy

The presence of Ceratolithus armatus in all sam-
ples from the base of the Sawai Bay ‘A’ Section con-
firms a Zanclean age, as the FO of C. armatus lies
at the CN10a/CN10b (Okada and Bukry 1980) and
the CNM20/CNPL1 (Backman et al. 2012; Raffi et
al. 2016) boundaries. Since there are no other index
forms available in the section top, a maximum upper
age limit of ~5.08 Ma (Young 1998) is suggested. The
presence of Ceratolithus cristatus in sample BSIP
7876/15 of the Sawai Bay ‘B’ Section indicates that
the uppermost samples are of a younger age, i.e.,
above ~5.08 Ma. The FO of C. cristatus lies at the
CNI10b/CN10c (Okada and Bukry 1980), CNPL1/
CNPL2 (Backman et al. 2012; Raffi et al. 2016) and
NNI2/NN13 (Martini 1971) boundaries.

The radiolarian assemblage is represented by the
biostratigraphically significant taxa Stichocorys pere-
grina and Didymocyrtis avita (Text-fig. 3) that indicate

Zone RN9 (Sanfilippo and Nigrini 1998; Kamikuri et
al. 2009). In the eastern equatorial Pacific Ocean,
the evolutionary transition (ET) from Stichocorys
delmontensis Campbell and Clark, 1944 to S. pere-
grina took place at 6.89/6.81 Ma (Lazarus ef al. 1995;
Sanfilippo and Nigrini 1998). However, according to
Kamikuri et al. (2009), the ET took place at ~6.88/7.17
Ma. Zone RN9 includes the ET from Didymocyrtis
penultima Riedel, 1957 to D. avita (Sanfilippo and
Nigrini 1998). However, Kamikuri ef al. (2009) did
not recognise this event in ODP Sites 845 and 1241.
According to Kamikuri ef al. (2009), the FO of D.
avita in the eastern equatorial Pacific Ocean was at
~6.84/6.91 Ma, its LO was at ~0.81/0.88 Ma, and the
ET from D. avita to D. tetrathalamus Haeckel, 1887
was at ~4.23/4.27 Ma. It should be mentioned here
that D. tetrathalamus is absent in the studied radiolar-
ian assemblage, indicating an age prior to ~4.23/4.27
Ma for the studied sequence (Sawai Bay ‘B’ Section).

Based on the above mentioned calcareous nanno-
fossil (both Sawai Bay ‘A’ and ‘B’ sections) and radio-
larian index taxa (Sawai Bay ‘B’ Section), the age can
be defined as Zanclean. However, the absolute age
difference between the outcrop bases is indiscernible.

Diatoms recorded from the Zanclean sediments
of Car Nicobar Island are more or less similar to the
low latitude equatorial assemblage reported from
the International Ocean Discovery Program (IODP)
Expedition 320/321, Site U1337 (Palike et al. 2010).
The assemblage includes Actinocyclus ellipticus
Grunow in Van Heurck, 1883, Azpeitia spp., Coscino-
discus spp., Hemidiscus cuneiformis Wallich, 1860
and Thalassiosira leptopus (Grunow) Hasle and
Fryxell, 1977. The present assemblage is devoid of
diatoms representing Thalassionema Grunow ex.
Mereschkowsky, 1902, which is typical for the up-
per Miocene, but absent in the Zanclean (Mikkelsen
1990). Based on the study of DSDP Leg 69, eastern
equatorial Pacific, Sancetta (1983) suggested that the
sharp decrease of the Thalassionema group after the
Miocene—Pliocene boundary coinciding with an over-
all diatom abundance decrease, is indicative of a ma-
jor shift in productivity patterns and upwelling.

The dissolution of diatom valves in the out-
crops studied can be explained by the absence of
smaller taxa belonging to the genera Thalassiosira
and Fragilariopsis Hustedt, 1913 documented from
the lower Pliocene of the tropical Indian Ocean
and the lower Pliocene diatomaceous deposits of
California (Barron and Baldauf 1986). The presence
of Actinocyclus ellipticus forma lanceolata Kolbe,
1954 in the studied diatom assemblage from Sawai
Bay ‘B’ Section is biostratigraphically significant,
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Text-fig. 8 — Microfossil content in the Sawai Bay ‘B’ Section. A — graphic representation of relative frequency of siliceous microfossils;
B — diatom planktic/benthic ratio; C — radiolarian nassellarian/spumellarian ratio.
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as its LO is at ~3.4 Ma (Lazarus et al. 2014). On the
other hand, the occurrence of Actinocyclus ellipticus
var. javanica Reinhold, 1937 in the same assemblage
may be regarded as unusual, as its LO is at ~7.9 Ma
(late Miocene; Barron 1985). Either this taxon re-
gionally continued into the Zanclean or may be re-
worked, as suggested by the presence of the reworked
middle Miocene species Sphenolithus heteromor-
phus Deflandre, 1953 in the calcareous nannofossil
assemblage.

Palaeoenvironment

As revealed from the present study, radiolari-
ans are the main contributors to the biogenic opal
fraction, followed by diatoms, sponge spicules and
silicoflagellates (Text-fig. 8A). This radiolarian dom-
inance may be due to the selective dissolution of par-
ticular siliceous microfossil groups. Fluctuation of
radiolarian and diatom relative counts is the highest
in the middle of the Sawai Bay ‘B’ Section, which

represents shallower and warmer temperate waters
(Text-fig. 8B, C; Tables 3 and 4). Radiolarian abun-
dance is inversely proportional to diatom abundance
(Text-fig. 8A), perhaps due to the dissolution of more
fragile diatom skeletons or radiolarian predation on
diatoms (Swanberg and Anderson 1985).

Warm water radiolarian species are common; how-
ever, cold water forms (e.g., Semantis spp., Siphocampe
lineata) dominate in both lower and upper parts of the
Sawai Bay ‘B’ Section (Text-fig. 2B; Tables 3 and 4).
Amongst the cold water taxa, Semantis spp. is the most
dominant taxon recorded from the eastern equatorial
Pacific Ocean (Boltovskoy and Jankilevich 1985).
Diatom occurrences are rare in the studied section
from which no concrete palacoenvironmental infer-
ences may be made, but the overall radiolarian and
diatom representations together synergistically imply
water temperature changes induced by monsoons that
could have developed periodical gyres and/or local
upwelling in the northern Indian Ocean during the
early Pliocene.
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The diatom abundance is controlled by preserva-
tion potential, dependent on a combination of factors
that include dissolution and overall low productivity
in oligotrophic conditions (Exon and Kennett 2001).
There are no readily observed lithological variations
in the Sawai Bay ‘B’ Section; however, the ratios of
planktic/benthic diatoms (Text-fig. 8B) and nassel-
larian/spumellarian radiolarias (Text-fig. 8C) vary.
The most likely reason for this variation may be due
to severe selective dissolution of siliceous microfos-
sils during the early Zanclean.

Siliceous microfossil abundance and diversity
significantly decreased in the Zanclean of the Indian
Ocean in comparison to the late Miocene, when a
biogenic bloom well developed in the Andaman
and Nicobar Basin (Chakraborty and Ghosh 2016,
2017). This corroborates with the studies of Lyle and
Baldauf (2015) from the equatorial Pacific.

Based on studies of Miocene and Pliocene sed-
iments from the northern Indian Ocean, from the
DSDP, ODP, IODP and National Gas Hydrate Program
(NGHP), as well as the Andaman and Nicobar Island
outcrops, diatom occurrence varies from abundant to
rare, and in some instances may be completely absent
(Text-fig. 9). According to most previous studies, di-
atoms became abundant in the Tortonian; however,
diatoms are mostly rare to absent in the Zanclean
(Text-fig. 9). Mikkelsen (1990) studied the western
equatorial Pacific Ocean (ODP Sites 705—716) to pro-
pose a diatom biostratigraphy and commented that
decline of diatom abundance was caused by an early
Pliocene shift of opal accumulation from the equato-
rial region to the Antarctic Convergence. In a study of
global ocean sediments, Cortese et al. (2004) argued
that since the Langhian, the main opal sink moved
from the North Atlantic to the Pacific (eastern equa-
torial Pacific, North Pacific and Peru) and finally to
the Southern Ocean. This may be a potential reason
for the rare occurrence of siliceous microfossils in
Zanclean sediments of the Indian Ocean.

CONCLUSIONS

The age of the Sawai Bay Formation exposed
on Car Nicobar Island has been precisely dated as
Zanclean based on the index calcareous nannofos-
sils of zones NN12 (CN10b) and NN13 (CN10c). The
radiolarian assemblage also denotes the same age
according to the presence of characteristic index spe-
cies of Zone RN9. The overall diversity and abun-
dance of siliceous microfossils viz., radiolarians,
diatoms, silicoflagellates and sponge spicules were

low. The diatom abundance gradually became low
towards the upper part of the studied sections that
yielded other siliceous microfossils. This phenome-
non may be correlated with the dissolution of diatom
valves. Critical evaluation of siliceous microfossils
indicates that Zanclean flora and fauna were dom-
inated by warm shallow water taxa of diatoms and
radiolarians. As revealed by the present study, warm
water conditions prevailed during the Zanclean.

Acknowledgements

The authors are thankful to Dr. Vandana Prasad, Director of
the Birbal Sahni Institute of Palaeosciences, Lucknow for her
kind permission (BSIP/RDCC/Publication no. 67/2018-19) to
carry out this work and provide necessary laboratory facilities.
We are grateful to Anna Zylinska, AGP Editor, and two review-
ers (Jakub Witowski and Andrey Gladenkov) for their critical
observations and valuable advice that significantly improved
the manuscript. John Barron, USGS, made valuable comments
and constructive suggestions that improved a previous version
of the manuscript. David Lazarus, Berlin, confirmed the iden-
tification of radiolarian taxa. AC is thankful to Paul Bown and
Jeremy Young, University College London (UCL), for facili-
tating the nannofossil study during the ‘Newton-Bhabha’ Ph.D.
Placement Programme in UCL (2015—16) funded by the British
Council (UK) and the Department of Science and Technology
(India). AC is indebted to BSIP for the award of the Birbal Sahni
Research Associateship (BSRA). SS, RD and LR are thankful
to the Department of Science and Technology for the award of
the DST-INSPIRE Fellowship.

REFERENCES

Abrantes, F., Gil, L., Lopes, C. and Castro, M. 2005. Quantita-
tive diatom analyses: A faster cleaning procedure. Deep-
Sea Research I, 52, 189—198.

Ali, JR., Roberts, S.J. and Hall, R. 1994. The closure of the
Indo-Pacific Ocean gateway: A new plate tectonic perspec-
tive. In: Hehuwat, F., Utomo, E.P., Dharma, A., Ali, J.R.,
Roberts, S.J. and Hall, R. (Eds), Proceedings of the Inter-
national Workshop on Neogene evolution of Pacific Ocean
gateways, 10-20. Nishimura; Kyoto.

Amiruddin, A.M., Ibrahim, Z.Z. and Ismail, S.A. 2011. Water
mass characteristics in the Strait of Malacca using ocean
data view. Research Journal of Environmental Sciences, 5,
49-58.

Backman, J. 1978. Late Miocene — Early Pliocene nannofos-
sil biochronology and biogeography in the Vera Basin, SE
Spain. Stockholm Contributions in Geology, 32, 93—114.

Backman, J. and Shackleton, N.J. 1983. Quantitative biochro-



N

www.czasopisma.pan.pl P N www journals.pan.pl

EARLY PLIOCENE MICROFOSSILS OF CAR NICOBAR ISLAND 193

nology of Pliocene and Early Pleistocene calcareous nan-
nofossils from the Atlantic, Indian and Pacific Oceans. Ma-
rine Micropaleontology, 8, 141-170.

Backman, J., Raffi, I., Rio, D., Fornaciari, E. and Pilike, H.
2012. Biozonation and biochronology of Miocene through
Pleistocene calcareous nannofossils from low and middle
latitudes. Newsletters on Stratigraphy, 45 (3), 221-244.

Baldauf, J.G. 2013. Data report: diatoms from Sites U1334 and
U1338, Expedition 320/321. In: Pélike, H., Lyle, M., Ni-
shi, H., Raffi, I., Gamage, K., Klaus, A. and the Expedition
320/321 Scientists (Eds), Proceedings of the International
Ocean Drilling Program, Scientific Results, 320/321, 1-8.

Baldauf, J.G., Barron, J.A., Ehrmann, W.U., Hempel, P. and
Murray, D. 1992. Biosiliceous sedimentation patterns for
the Indian Ocean during the last 45 million years. In: Dun-
can, R.A., Rea, D.K,, Kidd, R.B., von Rad, U. and Wissel,
J.K. (Eds), Synthesis of Results from Scientific Drilling in
the Indian Ocean, 335-349. American Geophysical Union;
Washington D.C.

Barron, J.A. 1985. Late Eocene to Holocene diatom biostratig-
raphy of the equatorial Pacific Ocean, Deep Sea Drilling
Project Leg 85. In: Mayer, L.A. and Theyer, E. (Eds), Ini-
tial Reports of the Deep Sea Drilling Project, 85, 413-456.

Barron, J.A. and Baldauf, J.G. 1986. Diatom stratigraphy of the
lower Pliocene part of the Sisquoc Formation, Harris Grade
section, California. Micropaleontology, 32, 357-371.

Barwicz-Piskorz, W. 1978. The Miocene Radiolaria from the
Carpathian Foredeep. Acta Palaeontologica Polonica, 23
(3), 223-248.

Basu, P., Verma, R., Paul, R. and Viswanath, K. 2012. Mass-
transport complexes in deep water of Andaman Forearc
Basin. Geohorizons, 17 (1), 46—49.

Benson, R.N. 1966. Recent Radiolaria from the Gulf of Cal-
ifornia. Unpublished Ph.D. Thesis, 577 pp. University of
Minnesota, Minneapolis and Saint Paul.

Berggren, W.A. 1984. Neogene planktonic foraminiferal bio-
stratigraphy and biogeography: Atlantic, Mediterranean
and Indo-Pacific regions. In: Ikebe, N. and Tscuhi, R.
(Eds), Pacific Neogene Datum Planes: Contributions to
Biostratigraphy and Chronology, 111-161. University of
Tokyo Press; Tokyo.

Boltovskoy, D. 1998. Classification and distribution of South
Atlantic Recent Polycystine Radiolaria. Palaeontologia
Electronica, 1 (2, 6A), 1-111.

Boltovskoy, D. and Jankilevich, S.S. 1985. Radiolarian distri-
bution in east equatorial Pacific plankton. Oceanologica
Acta, 8 (1), 101-123.

Boltovskoy, D. and Vrba, A. 1989. Latitude-related shell pat-
terns in Radiolaria: Botryostrobus auritus/australis mor-
photypes in the equatorial to Antarctic Pacific. Marine Mi-
cropaleontology, 13, 309-323.

Bown, PR. and Young, J.R. 1998. Techniques. In: Bown, P.R.
(Ed.), Calcareous Nannofossil Biostratigraphy, 16-28. Klu-
wer Academic Publishers; London.

Bramlette, M.N. and Riedel, W.R. 1954. Stratigraphic value of

discoasters and some other microfossils related to Recent
coccolithophores. Journal of Paleontology, 28, 385-403.

Brierley, C.M., Fedorov, A.V,, Liu, Z., Herbert, T.D., Lawrence,
K.T. and La Riviere, J.P. 2009. Greatly expanded tropical
warm pool and weakened Hadley circulation in the early
Pliocene. Science, 323, 1714-1718.

Bukry, D. 1971. Cenozoic calcareous nannofossils from the Pa-
cific Ocean. San Diego Society of Natural History Trans-
actions, 16, 303-327.

Bukry, D. 1987. Eocene siliceous and calcareous Phytoplank-
ton, Deep Sea Drilling Project Leg 95. In: Poag, C.W. and
Watts, A.B. (Eds), Initial Reports of the Deep Sea Drilling
Project, 95, 395-415.

Bukry, D. and Percival, S.F. 1971. New Tertiary calcareous
nannofossils. Tulane Studies in Geology and Paleontology,
8, 123-146.

Burckle, L.H. 1972. Late Cenozoic planktonic diatom zones
from the eastern equatorial Pacific. Beihefte zur Nova Hed-
wigia, 39, 217-248.

Campbell, A.S. and Clark, B.L. 1944. Miocene radiolarian fau-
nas from southern California. Geological Society of Ameri-
ca, Special Paper, 51, 1-76.

Casey, R.E. 1977. The ecology and distribution of Recent Ra-
diolaria, In: Ramsay, S. (Ed.), Oceanic micropaleontology,
vol. 2, 809-845. Academic Press; London.

Casey, R.E., Wigley, C.R. and Perez-Guzman, A.M. 1983. Bio-
geographic and ecologic perspective on polycystine radio-
larian evolution. Paleobiology, 9 (4), 363-376.

Caulet, J.-P. 1986. Radiolarians from the southwest Pacific. In:
Kennett, J.P. and von der Borch, C.C. (Eds), Initial Reports
of the Deep Sea Drilling Project, 90, 835-861.

Cawthern, T., Johnson, J.E., Giosan, L., Flores, J.A., Rose, K.
and Solomon, E. 2014. A late Miocene—Early Pliocene bio-
genic silica crash in the Andaman Sea and Bay of Bengal.
Marine and Petroleum Geology, 58, 490-501.

Chakraborty, A. and Ghosh, A.K. 2015. Acrobotrys disolenia
Haeckel from the late Miocene of Andaman and Nicobar
Islands. Current Science, 108 (11), 1990-1993.

Chakraborty, A. and Ghosh, A.K. 2016. Ocean upwelling and
intense monsoonal activity based on late Miocene diatom
assemblages from Neil Island, Andaman and Nicobar Is-
lands, India. Marine Micropaleontology, 127, 26-41.

Chakraborty, A. and Ghosh, A.K. 2017. Siliceous Microfossils
of the Neogene Sediments from Northern Indian Ocean. In:
Kathal, P.K., Nigam, R. and Talib, A. (Eds), Micropaleon-
tology and its Applications, 163—189. Scientific Publishers;
India.

Chakraborty, A., Ghosh, A.K., Dey, R., Saxena, S. and Mazum-
dar, A. 2019. Record of the Miocene Climate Optimum in
the northeast Indian Ocean: Evidence from the microfos-
sils. Palaeobiodiversity and Palaeoenvironments, 99 (2),
159-175.

Chandra, A. and Saxena, R.K. 1998. Lithostratigraphy of the
Car Nicobar Island, Andaman and Nicobar Islands, India.
Geophytology, 26 (2), 33-38.



www.czasopisma.pan.pl P N www journals.pan.pl
=

194 ARINDAM CHAKRABORTY ET AL.

Chang, F., Zhuang, L., Li, T., Yan, J., Cao, Q. and Cang, S. 2003.
Radiolarian fauna in surface sediments of the northeastern
East China Sea. Marine Micropaleontology, 48 (3—4), 169—
204.

Cleve, P.T. 1873. Examination of diatoms found on the sur-
face of the Sea of Java. Bihang till Kongliga Svenska
Vetenskaps-Akademiens Handlingar, 1 (11), 1-13.

Cochran, J.R. 2010. Morphology and tectonics of the Andaman
Forearc, northeastern Indian Ocean. Geophysical Journal
International, 182, 631-651.

Cortese, G., Bjorklund, K.R. and Dolven, J.K. 2003. Poly-
cystine radiolarians in the Greenland-Iceland-Norwegian
Seas: species and assemblage distribution. Sarsia: North
Atlantic Marine Science, 88 (1), 65-88.

Cortese, G., Gersonde, R., Hillenbrand, C.D. and Kuhn, G. 2004.
Opal sedimentation shifts in the World Ocean over the last
15 Myr. Earth and Planetary Science Letters, 224, 509-527.

Cui, Y., Schubert, B.A. and Jahren, A.H. 2020. A 23 m.y. record
of low atmospheric CO,. Geology, 48, 888—892.

Curray, J.R. 2005. Tectonics and history of the Andaman Sea
region. Journal of Asian Earth Sciences, 25 (1), 187-32.

Curray, J.R., Moore, D.G., Lawver, L.A., Emmel, F.J., Raitt,
R.W., Henry, M. and Kieckhefer, R. 1979. Tectonics of An-
daman Sea and Burma: convergent margins. In: Watkins,
J.S., Montadert, L. and Dickerson, P.W. (Eds), Geological
and Geophysical Investigations of Continental Margin.
Memoirs of the American Association of Petroleum Geolo-
gists, 29, 189-198.

Deflandre, G. 1942. Coccolithophoridés fossiles d’Oranie.
Genres Scyphosphaera Lohmann et Thorosphaera Osten-
feld. Bulletin de la Société d’Histoire Naturelle de Tou-
louse, 77, 125-137.

Deflandre, G. 1953. Hétérogénéité intrinséque et pluralité des
¢leménts dans les coccolithes actuels et fossiles. Compt-
es Rendus Hebdomadaires des Séances de I’Académie des
Sciences, Paris, 237, 1785-1787.

Deflandre, G. and Fert, C. 1954. Observations sur les cocco-
lithophoridés actuels et fossiles en microscopie ordinaire et
¢lectronique. Annales de Paléontologie, 40, 115-176.

de Kaenel, E. and Villa, G. 1996. Oligocene—Miocene calcar-
eous nannofossil biostratigraphy and paleoeecology from
the Iberian Abyssal Plain. In: Whitmarsh, R.B., Sawyer,
D.S., Klaus, A. and Masson, D.G. (Eds.), Proceedings of
the Ocean Drilling Program, 149, 79—145.

De Wolf, H. 1982. Method of coding of ecological data from
diatoms for computer utilization. Mededelingen Rijks Geo-
logische Dienst, 36, 95-98.

Dickens, G.R. and Owen, R.M. 1999. The latest Miocene—carly
Pliocene biogenic bloom: a revised Indian Ocean perspec-
tive. Marine Geology, 161 (1), 75-91.

Dreyer, F. 1889. Die Pylombildungen in vergleichend-anato-
mischer und entwicklugs-geschichtlicher Beziehung bei
Radiolarien und bei Protisten iiberhaupt, nebst System und
Beschreibung neuer und der bis jetzt bekannten pyloma-
tischen Spummellarien. Jenaische Zeitschrift fiir Naturwis-

senschaft herausgegeben von der medizinisch-naturwissen-
schaftlichen Gesellschaft zu Jena, Funfzehnter Band, Neue
Folge, 23, 77-214.

Edwards, A.R. 1975. Southwest Pacific Cenozoic paleogeog-
raphy and integrated Neogene paleocirculation model. In:
Andrews, J.E. and Packham, G. (Eds), Initial Reports of the
Deep Sea Drilling Project, 30, 667-684.

Ehrenberg, C.G. 1837. Nachricht des Hrn Agassiz in Neuchatel
iiber den ebenfalls aus mikroskopichen Kiesel-Organismen
gebildeten Polirschiefer von Oran in Afrika vor. Bericht
tiber die zur Bekanntmachung geeigneten Verhandlungen
der Koniglich-Preussischen Akademie der Wissenschafien
zu Berlin, 1837, 59-61.

Ehrenberg, C.G. 1838. Uber das Massenverhiltness der jetzt leb-
enden Kiesel-Infusorien und iiber ein neues Infusorien-Con-
glomerat als Polirchiefer von Jastraba in Ungarn. Abhand-
lungen der Koniglichen Akademie der Wissenschafien zu
Berlin, 1836, 109-135.

Ehrenberg, C.G. 1839a. Uber die Bildung der Kreidefelsen und
des Kreidemergels durch unsichtbare Organismen. 4bhan-
dlungen der Koniglichen Akademie der Wissenschaften zu
Berlin, 1838, 59-147.

Ehrenberg, C.G. 1839b. Uber jetzt wirklich noch zahlreich leb-
ende Thier-Arten der Kreideformation der Erde. Bericht
tiber die zur Bekanntmachung geeigneten Verhandlungen
der Koniglich-Preussische Akademie der Wissenschaften
zu Berlin, 1839, 152—159.

Ehrenberg, C.G. 1841. Uber noch jetzt zahlreich lebende Thi-
erarten der Kreidebildung und den Organismus der Poly-
thalamien. Abhandlungen der Koniglichen Akademie der
Wissenschaften zu Berlin, 1839, 81-174.

Ehrenberg, C.G. 1849. Weitere Mittheilung iiber Resultate
bei Anwendung des chromatisch-polarisirten Lichtes fiir
mikroskopische Verhiltnisse. Bericht iiber die zur Bekan-
ntmachung geeigneten Verhandlungen der Kéniglich-Pre-
ussischen Akademie der Wissenschaften zu Berlin, 1849,
55-76.

Ehrenberg, C.G. 1854. Mikrogeologie. Das Erden und Felsen
schaffende Wirken des unsichtbar kleinen selbststandigen
Lebens auf der Erde, 374 pp. Leopold Voss; Leipzig.

Ehrenberg, C.G. 1856. Uber 2 neue siidamerikanische Gebirgs-
massen aus mikroskopischen Organismen, eine aus Meeres-
organismen in Chile und eine als mit gefritteten SiB-
wasserorganismen gemischten vulkanischen efbaren Tuff
aus Honduras in Centro-Amerika. Bericht iiber die zur
Bekanntmachung geeigneten Verhandlungen der Koniglich-
Preussische Akademie der Wissenschafien zu Berlin, 1856,
425-431.

Ehrenberg, C.G. 1860a. Uber die organischen und unorgan-
ischen Mischungsverhaltnisse des Meeresgrundes in 19,800
Fuss Tiefe nach Lieut. Brookes Messung. Monatsbericht der
Koniglichen-Preussische Akademie der Wissenschaften zu
Berlin, 1860, 765-774.

Ehrenberg, C.G. 1860b. Uber den Tiefgrund des stillen Ozeans
zwischen Californien und des Sandwich—Inseln aus 15600’



N

www.czasopisma.pan.pl P N www journals.pan.pl

EARLY PLIOCENE MICROFOSSILS OF CAR NICOBAR ISLAND 195

Tiefe nach Lieutenant Brooke. Monatsbericht der Konigli-
chen-Preussische Akademie der Wissenschaften zu Berlin,
1860, 819-833.

Exon, N.F. and Kennett J.P. (Eds) 2001. The Tasmanian Gate-
way: Cenozoic Climatic and Oceanographic Development.
Initial Reports of the Ocean Drilling Program, 189, 1-98.

Fedorov, A.V.,, Brierley, C.M., Lawrence, K.T., Liu, Z., Dekens,
P.S. and Ravelo, A.C. 2013. Patterns and mechanisms of
early Pliocene warmth. Nature, 43, 496.

Filippelli, G.M. and Flores, J.A. 2009. From the warm Pliocene
to the cold Pleistocene: A tale of two Oceans. Geology, 37,
959-960.

Flores, J.-A., Johnson, J.E., Mejia-Molina, A.E., Alvarez,
M.C., Sierro, F.J., Singh, S.D., Mahanti, S. and Giosan, L.
2014. Sedimentation rates from calcareous nannofossil and
planktonic foraminifera biostratigraphy in the Andaman
Sea, northern Bay of Bengal, and Eastern Arabian Sea. Ma-
rine and Petroleum Geology, 58, 425-437.

Fourtanier, E. 1991. Diatom biostratigraphy of equatorial Indi-
an Ocean Site 758. In: Peirce, J. and Weissel, J. (Eds), Pro-
ceedings of the Ocean Drilling Program, 121, 189-208.

Frydas, D. and Stefanopoulos, P. 2009. A new occurrence of si-
liceous microfossils of Neogene deposits of the city of Her-
aklion, Crete, Greece. Berliner Paldobiologische Abhand-
lungen, 10, 171-179.

Fryxell, G.A., Sims, P.A. and Watkins, T.P. 1986. Azpeitia
(Bacillariophyceae): Related genera and promorphology.
Systematic Botany Monographs, 13, 1-74.

Funnell, B.M. and Riedel, W.R. 1971. The Micropalacontology
of Oceans, 840 pp. Cambridge University Press; Cambridge.

Gartner, S. 1969. Correlation of Neogene planktonic foraminifera
and calcareous nannofossil zones. Transactions of the Gulf-
Coast Association of Geological Societies, 19, 585-599.

Gartner, S. and Bukry, D. 1974. Ceratolithus acutus Gartner
and Bukry n. sp. and Ceratolithus amplificus Bukry and
Percival — nomenclatural clarification. Tulane Studies in
Geology and Paleontology, 11, 115-118.

Ghosh, A.K. and Sarkar, S. 2013. Facies analysis and paleoen-
vironmental interpretation of Piacenzian carbonate depos-
its from the Guitar Formation of Car Nicobar Island, India.
Geoscience Frontiers, 4 (6), 755-764.

Gradstein, F.M, Ogg, J.G., Schmitz, M. and Ogg, G. 2012. The
Geologic Time Scale 2012, 1176 pp. Elsevier; Boston.
Green, O.R. 2001. Extraction Techniques for Acid Insoluble
Microfossils. In: Green, O.R. (Ed.), A Manual of Practical
Laboratory and Field Techniques in Palaeobiology, 290—

291. Springer; Netherlands.

Gupta, A., Shanmukhapp, M. and Sutariya, M.D. 2012. Neogene
biosiliceous microfossils and their efficacy in deep sea water
oil exploration and expansion of petroleum prospects from
cavernous sediments in the Mahanadi Basin, East Coast of
India. Search and Discovery, Article #50578 (2012), 16 pp.

Gupta, S.M. 2020. Modern radiolarians recovered from the mud-
line samples at IODP-341 sites in the South Alaska Basin,
North East Pacific Ocean. In: Pandey, D.K., Ravichandran,

M. and Nair, N. (Eds), Dynamics of the Earth System: Evo-
lution, Processes and Interactions, 73—89. Springer; Switzer-
land.

Haeckel, E.H.P.A. 1887. Report on the Radiolaria collected by
HMS Challenger during the years 1873—1876: Porulosa
(Spumellaria and Acantharia) and Subclass Osculosa. In:
Thomson, C.W. and Murray, J. (Eds), Report on the scien-
tific results of the voyage of HMS Challenger during the
years 187376, Zoology, 18, 509 pp. Challenger Office;
Great Britain.

Hasle, G.R. and Fryxell, G.A. 1977. The genus Thalassiosira:
some species with a linear areola array. In: Simonsen, R.
(Ed.), Proceedings of the Fourth Symposium on Recent and
Fossil Marine Diatoms, Oslo. Beihefte zur Nova Hedwigia,
54, 15-66.

Haywood, A.M., Dowsett, H.J. and Dolan, A.M. 2016. Inte-
grating geological archives and climate models for the
mid-Pliocene warm period. Nature Communications, 7 (1),
1-14.

Hill, K. and Hall, R. 2003. Mesozoic—Tertiary Evolution of
Australia’s New Guinea Margin in a west Pacific con-
text. In: Hillis, R. and Miiller, R.D. (Eds), Evolution and
Dynamics of the Australian Plate, 265-290. Geological
Society Australia Special Publication 22 and Geological
Society America Special Paper 372. Geological Society of
Australia; Sydney.

Hustedt, F. 1913. Tafel 299. In: Schmidt, A. (Ed.), Atlas der
Diatomaceenkunde, 229. Reisland; Leipzig.

Ibrahim, Z.Z. and Yanagi, T. 2006. The influence of the Anda-
man Sea and the South China Sea on water masses in the
Malacca Strait. La Mer, 43, 33-42.

Ivanik, M.M. 1983. Paleogene and Neogene sponge spicules
from Sites 511, 512, 513 in South Atlantic. In: Ludwig, W.J.
and Krasheninnikov,V.A. (Eds), Initial Reports of the Deep
Sea Drilling Project, 71, 933-950.

Jacob, K. and Sastri, V.V. 1951. Tertiary Foraminifera from
Sawai Bay, Car Nicobar Island. Science and Culture, 17
(4), 181-182.

Jafar, S.A. and Martini, E. 1975. On the validity of the calcare-
ous nannoplankton genus Helicosphaera. Senckenbergiana
Lethaea, 56, 381-397.

Jorgensen, E. 1905. The Protist plankton and the diatoms in
bottom samples. VII. Radiolaria. In: Nordgaard, O. (Ed.),
Hydrographical and Biological investigations in Norwe-
gian Fjords, 114—142. Bergens Museum; Bergen.

Kamikuri, S., Motoyama, 1., Nishi, H. and Iwai, M. 2009. Neo-
gene radiolarian biostratigraphy and faunal evolution of
ODP Sites 845 and 1241, eastern equatorial Pacific. Acta
Palaeontologica Polonica, 54 (4), 713-742.

Kamptner, E. 1944. Coccolithineen-Studien in Golf von Neapel.
Wiener Botanische Zeitschrift, 93, 138—147.

Kamptner, E. 1950. Uber den submikroskopischen Aufbau der
Coccolithen. Anzeiger der Osterreichische Akademie der
Wissenschaften, Mathematische-Naturwissenschafliche Kla-
sse, 87, 152-158.



www.czasopisma.pan.pl P N www journals.pan.pl

196 ARINDAM CHAKRABORTY ET AL.

Kamptner, E. 1954. Untersuchungen iiber den Feinbau der Coc-
colithen. Archiv fiir Protistenkunde, 100, 1-90.

Kamptner, E. 1963. Coccolithineen-Skelettreste aus Tiefseeab-
lagerungen des Pazifischen Ozeans. Annalen des Naturhis-
torischen Museums in Wien, 66, 139-204.

Kawagata, S., Hayward, B.W. and Gupta, A.K. 2006. Benthic
foraminiferal extinctions linked to late Pliocene—Pleisto-
cene deep-sea circulation changes in the northern Indian
Ocean (ODP Sites 722 and 758). Marine Micropaleonto-
logy, 58 (3), 219-242.

Keller, G. 1985. Depth stratification of planktonic foraminifers
in the Miocene ocean. In: Kennett, J.P. (Ed.), The Miocene
Ocean: Paleoceanography and Biogeography, Geological
Society of America Memoir, 163, 177-195.

Kennett, J.P., Keller, G. and Srinivasan, M.S. 1985. Miocene
planktonic foraminiferal biogeography and paleoceanogra-
phy development of the Indo-Pacific region. In: Kennett,
J.P. (Ed.), The Miocene Ocean: Paleoceanography and Bio-
geography, Geological Society of America Memoir, 163,
197-236.

Klootwijk, C.T., Gee, J.S., Pierce, J.W. and Smith, G.M. 1992.
Neogene evolution of the Himalayan Tibetan region-con-
straints from ODP Site 758, northern Ninetyeast Ridge —
bearing on climatic change. Palaeogeography, Palaeocli-
matology, Palaeoecology, 95, 95-110.

Koizumi, I. 1981. Paleoceanography of early—middle Miocene
in Japan by means of diatom fossils. Fossils, 30, 87-100.

Koizumi, I., Irino, T. and Oba, T. 2004. Paleoceanography
during the last 150 Kyr off central Japan based on diatom
floras. Marine Micropaleontology, 53, 293-365.

Koizumi, I. and Yamamoto, H. 2016. Diatom records in the
Quaternary marine sequences around the Japanese Islands.
Quaternary International, 397, 436—447.

Kolbe, R.W. 1954. Diatoms from equatorial Pacific cores. In:
Pettersson, H. (Ed.), Reports of the Swedish Deep-Sea
Expedition 1947-1948, Sediment cores from the West Pa-
cific. Kungliga Vetenskaps- och Vitterhets-Sambhdillet i Gote-
borg, 6 (1), 1-49.

Kuhnt, W., Holbourn, A., Hall, R., Zuvela, M. and Kise, R.
2004. Neogene history of the Indonesian Throughflow. In:
Clift, P, Kuhnt, W., Wang, P. and Hayes, D. (Eds), Con-
tinent-ocean interactions within east Asia marginal seas.
Geophysical Monograph Series, 149, 299-320.

Lazarus, D., Barron, J., Renaudie, J., Diver, P. and Tiirke, A.
2014. Cenozoic Planktonic Marine Diatom Diversity and
Correlation to Climate Change. Plos One, 9 (1), e84857.

Lazarus, D., Spencer-Cervato, C., Pika-Biolzi, M., Beckmann,
J.P., Von Salis, K., Hilbrecht, H. and Thierstein, H. 1995.
Revised chronology of Neogene DSDP Holes from the
world ocean. Ocean Drilling Program Technical Note, 24,
1-301.

Locker, S. 1974. Revision der Silicoflagellaten aus der Mikro-
geologischen Sammlung von C.G. Ehrenberg. Eclogae
geologicae Helvetiae, 67, 631-646.

Locker, S. 1975. Dictyoicha varia sp. n., eine Miozéne silicofla-

gellaten-Art mit kompliziertem Variationsmodus. Zeitschrifi
fiir Geologische Wissenschaften, Berlin, 3, 99—103.

Loeblich, A.R., Jr. and Tappan, H. 1978. The coccolithophorid
genus Calcidiscus Kamptner and its synonyms. Journal of’
Palaeontology, 52, 1390-1392.

Lombari, G. and Boden, G. 1985. Modern radiolarian global
distributions. Cushman Foundation for Foraminiferal Re-
search, Special Publication, 16A, 3—125.

Lopez Fuerte, F.O., Siqueiros Beltrones, D.A. and Navarro,
JN. 2010. Benthic diatoms associated with mangrove
environments in the northwest region of México, 206 pp.
CONABIO-UABCS-IPN; México.

Lukeneder, A. and Smreckova, M. 2006. An Early Cretaceous
radiolarian assemblage: palacoenvironmental and palaco-
ecological implications for the Northern Calcareous Alps
(Barremian, Lunz Nappe, Lower Austria). Annalen des
Naturhistorischen Museums in Wien, Serie A, 107, 23-57.

Lyle, M. and Baldauf, J. 2015. Biogenic sediment regimes in
the Neogene equatorial Pacific, IODP Site U1338: Burial,
production, and diatom community. Palaeogeography, Pa-
laeoclimatology, Palaeoecology, 433, 106—128.

Martini, E. 1971. Standard Tertiary and Quaternary calcareous
nannoplankton zonation. In: Farinacci, A. (Ed.), Proceed-
ings of the Second Planktonic Conference, Roma, 1970,
739-785. Edizioni Tecnoscienza 2; Roma.

Martini, E. and Bramlette, M.N. 1963. Calcareous nannoplank-
ton from the experimental Mohole drilling. Journal of Pale-
ontology, 37, 845-855.

Matsuzaki, K.M., Nishi, H., Suzuki, N., Cortese, G., Eynaud, F.,
Takashima, R., Kawate, Y. and Sakai, T. 2014. Paleocean-
ographic history of the Northwest Pacific Ocean over the
past 740 kyr, discerned from radiolarian fauna. Palaeoge-
ography, Palaeoclimatology, Palaeoecology, 396, 26—40.

Matthiessen, J., Knies, J., Vogt, C. and Stein, R. 2009. Pliocene
palaeoceanography of the Arctic Ocean and subarctic seas.
Philosophical Transactions of the Royal Society, Series A,
367, 21-48.

McCartney, K. 1987. Siliceous sponge spicules from Deep Sea
Drilling Project Leg 93. In: van Hinte, J.E. and Wise, S.W.,
Ir. (Eds), Initial Reports of the Deep Sea Drilling Project,
93, 815-824.

McCartney, K., Churchill, S. and Woestendiek, L. 1995. Silico-
flagellates and ebridians from Leg 138, eastern equatorial
Pacific. In: Pisias, N.G. and Mayer, L.A. (Eds), Proceed-
ings of the Ocean Drilling Program, 138, 129-162.

Mereschkowsky, C. 1902. Liste des Diatomées de la Mer Noire.
Scripta Botanica, 19, 51-88.

Mikkelsen, N. 1990. Cenozoic Diatom biostratigraphy and pa-
leoceanography of the Western Equatorial Indian Ocean.
In: Duncan, R.A. and Backman, J. (Eds), Proceedings of
the Ocean Drilling Program, 115, 411-432.

Miiller, C. 1974a. Calcareous nannoplankton, Leg 25 (Western
Indian Ocean). In: Simpson, E.S.W. and Schlich, R. (Eds),
Initial Reports of the Deep Sea Drilling Project, 25, 579—
633.



N

www.czasopisma.pan.pl P N www journals.pan.pl

EARLY PLIOCENE MICROFOSSILS OF CAR NICOBAR ISLAND 197

Miiller, C. 1974b. Nannoplankton aus dem Mittel-Miozin von
Walbersdorf (Burgenland). Senckenbergiana lethaea, 55,
389-405.

Miiller, J. 1858. Uber die Thalassicollen, Polycystinen und
Acanthometren des Mittelmeeres. Abhandlungen der
Koniglichen Akademie der Wissenschaften zu Berlin,
1858, 1-62.

Murray, G. and Blackman, V.H. 1898. On the nature of the Coc-
cospheres and Rhabdospheres. Philosophical Transactions
of the Royal Society of London B: Biological Sciences, 190
(1), 427-441.

Nigrini, C. 1967. Radiolaria in pelagic sediments from the Indi-
an and Atlantic oceans. Bulletin of the Scripps Institution of
Oceanography, 11, 1-125.

Nigrini, C. 1977. Tropical Cenozoic Artostrobiidae (Radiolaria).
Micropaleontology, 23, 241-2609.

O’Dogherty, L. and Guex, J. 2002. Rates and pattern of evolu-
tion among Cretaceous radiolarians: relations with global
paleoceanographic events. Micropaleontology, 48, 1-22.

Okada, H. and Bukry, D. 1980. Supplementary modification
and introduction of code numbers of the low-latitude coc-
colith biostratigraphic zonation (Bukry 1973, 1975). Marine
Micropaleontology, 5, 321-325.

Okada, H. and Mclntyre, A. 1977. Modern coccolithophores of
the Pacific and North Atlantic Oceans. Micropaleontology,
23, 1-55.

Oseki, S. and Suzuki, N. 2009. Miocene to Pleistocene paleo-
geographic distributions of polycystine radiolarians in the
North Pacific. News of Osaka Micropaleontologists (NOM),
Special Volume, 14, 183-238.

Pilike, H., Lyle, M., Nishi, H., Raffi, 1., Gamage, K., Klaus, A.
and the Expedition 320/321 Scientists 2010. Site 1337. In:
Pélike, H. and Lyle, M. (Eds), Proceedings of the Integrat-
ed Ocean Drilling Program, 320, 1-146.

Pantocsek, J. 1889. Beitrdge zur Kenntnis der Fossilen Bacil-
larien Ungarns. Teil II. Brackwasser Bacillarien. Anhang:
Analyse de marine Depots von Bory, Bremia, Nagy-Kurtos
in Ungarn; Ananio und Kusnetzk in Russland, 123 pp. Ju-
lius Platzko; Nagy-Tapolcsany.

Peterson, L.C. 1984. Recent abyssal benthic foraminiferal bio-
facies of the eastern equatorial Indian Ocean. Marine Mi-
cropaleontology, 8, 479-519.

Petrushevskaya, M.G. 1971. Radiolaria in the Plankton and re-
cent sediments from the Indian Ocean and Antarctic. In:
Funnell, B.M. and Riedel, W.R. (Eds), The Micropalaecon-
tology of Oceans, 319-330. Cambridge University Press;
Cambridge.

Pisias, N.G. and Moore, T.C. 1995. Radiolarian response to
oceanographic changes in the eastern equatorial Pacific at
2.3 and 4.8 Ma: Relationship between changing carbonate
Deposition and surface oceanography. In: Pisias, N.G. and
Mayer, L.A. (Eds), Proceedings of the Ocean Drilling Pro-
gram, 138, 461-478.

Pushkar, V.S., Roof, S.R., Cherepanova, M.V., Hopkins, D.M.
and Brigham-Grette, J. 1999. Palacogeography and palae-

oclimatic significance of diatoms from middle Pleistocene
marine and glaciomarine deposits on Baldwin Peninsula,
northwestern Alaska. Palaeogeography, Palaeoclimatolo-
gy, Palaeoecology, 152, 67-85.

Raffi, 1., Rio, D., d’Atri, A., Fornaciari, E. and Rochetti, S.
1995. Quantitative distribution patterns and biomagneto-
stratigraphy of middle and late Miocene calcareous nanno-
fossils from western equatorial Indian and Pacific Oceans
(Legs 115, 130, and 138). In: Pisias, N.G. and Mayer, L.A.
(Eds), Proceedings of the Ocean Drilling Program, 138,
479-502.

Raffi, I., Agnini, C., Backman, J., Catanzariti, R. and Pélike, H.
2016. A Cenozoic calcareous nannofossil biozonation from
low and middle latitudes: A synthesis. Journal of Nanno-
plankton Research, 36 (2), 121-132.

Raju, K.A K., Ramprasad, T., Rao, P.S., Rao, B.R. and Var-
ghese, J. 2004. New insights into the tectonic evolution
of the Andaman basin, northeast Indian Ocean. Earth and
Planetary Science Letters, 221, 145-162.

Reinhold, T. 1937. Fossil Diatoms of the Neogene of Java
and their zonal distribution. Verhandelingen van het Ge-
ologisch-Mijnbouwkindig Genootschap voor Nederland en
Kolonién, Geologische Serie, 12, 43—133.

Renaudie, J. 2012. A synthesis of Antarctic Neogene radiolari-
ans: taxonomy, macroevolution and biostratigraphy. Unpub-
lished Ph.D. Thesis, 300 pp. Humboldt University; Berlin.

Riedel, W.R. 1953. Mesozoic and late Tertiary radiolaria of
Rotti. Journal of Paleontology, 27 (6), 805-813.

Riedel, W.R. 1957. Radiolaria: A preliminary stratigraphy. In:
Pettersson, H. (Ed.), Reports of the Swedish Deep-Sea Ex-
pedition 1947-1948, Sediment cores from the West Pacific.
Kungliga Vetenskaps- och Vitterhets-Sambhdillet i Goteborg,
6 (3), 59-96.

Rizal, S., Damm, P., Wahid, M.A., Sundermann, J., [lhamsyah,
Y., Iskandar, T. and Muhammad. 2012. General circulation
in the Malacca Strait and Andaman Sea: A numerical mod-
el study. American Journal of Environmental Sciences, 8,
479-488.

Rodolfo, K. 1969. Bathymetry and marine geology of the An-
daman Basin, and tectonic implications for Southeast Asia.
Geological Society of America Bulletin, 80, 1203—1230.

Romine, K. and Lombari, G. 1985. Evolution of Pacific cir-
culation in the Miocene: radiolarian evidence from DSDP
Site 289. In: Kennett, J.P. (Ed.), The Miocene Ocean: Pa-
leoceanography and Biogeography, 273-290. Geological
Society of America; Boulder.

Roth, P.H. 1970. Oligocene calcareous nannoplankton biostra-
tigraphy. Eclogae Geologicae Helvetiae, 63, 799-881.
Round, F.E., Crawford, R.M. and Mann, D.G. 1990. Diatoms:
biology and morphology of the genera, 747 pp. Cambridge

University Press; Cambridge.

Saez, A.G., Probert, 1., Geisen, M., Quinn, P., Young, J.R. and
Medlin, L.K. 2003. Pseudo-cryptic speciation in cocco-
lithophores. Proceedings of the National Academy of Sci-
ence of the United States of America, 100, 7163-7168.



www.czasopisma.pan.pl P N www journals.pan.pl
=

198 ARINDAM CHAKRABORTY ET AL.

Sancetta, C.A. 1983. Biostratigraphic and paleoceanographic
events in the eastern equatorial Pacific: results of Deep Sea
Drilling Project Leg 69. In: Cann, J.R. and Langseth, M.G.
(Eds), Initial Reports of the Deep Sea Drilling Project, 69,
311-320.

Sandoval, M.1., Boltovskoy, D., Baxter, A.T. and Baumgartner,
P.O. 2017. Neogene paleoceanography of the eastern equa-
torial Pacific based on the radiolarian record of IODP drill
sites off Costa Rica. Geochemistry, Geophysics, Geosys-
tems, 18 (3), 889-906.

Sanfilippo, A. and Nigrini, C. 1998. Code numbers for Cenozo-
ic low latitude radiolarian biostratigraphic zones and GPTS
conversion tables. Marine Micropaleontology, 33 (1-2),
109-156.

Schiller, J. 1930. Coccolithineae. In: Rabenhorst, L. (Ed.),
Kryptogamen-Flora von Deutschland, Osterreich und
der Schweiz, 89-267. Akademische Verlagsgesellschaft;
Leipzig.

Schrader, H.J. 1974. Cenozoic Marine Planktonic Diatom Stra-
tigraphy of the Tropical Indian Ocean. In: Fisher, R.L. and
Bunce, E.T. (Eds), Initial Reports of the Deep Sea Drilling
Project, 24, 887-967.

Sharma, V. and Bajpai, S. 2011. Impact of the 2004-tsunami on
the geology of Car Nicobar Island. Current Science, 100
(8), 1145-1147.

Sharma, G.K. and Bora, J. 2007. Pleistocene Radiolaria from
the Kerguelen Plateau, Leg 119, Sections 1H and 2H. Jour-
nal of the Palaeontological Society of India, 52 (1), 27-38.

Sharma, V. and Singh, S. 1993. Radiolarian biostratigraphy of
early Pliocene sequences, Car Nicobar Island, Northeast
Indian Ocean. Journal of the Geological Society of India,
41, 199-213.

Sharma, V. and Srinivasan, M.S. 2007. Geology of Andaman-
Nicobar: the Neogene, 164 pp. Capital Publishing Compa-
ny; New Delhi.

Srinivasan, M.S. and Sharma, V. 1973. Stratigraphy and micro-
fauna of Car Nicobar Island, Bay of Bengal. Journal of the
Geological Society of India, 14, 1-11.

Srinivasan, M.S. and Singh, A.D. 1991. Planktonic foraminifer-
al evidence for the Neogene paleoceanographic changes in
the Indian Ocean. In: Ounchanum and Ratanastheien (Eds),
The Annual Technical Meeting 1989 and IGCP-246, 179—
205. Chiangmai University; Chiangmai, Thailand.

Srinivasan, M.S. and Sinha, D.K. 1998. Early Pliocene closing
of the Indonesian Seaway evidence from north-east Indi-
an Ocean and Tropical Pacific deep sea cores. Journal of
Asian Earth Sciences, 16 (1), 29—44.

Swanberg, N.R. and Anderson, O.R. 1985. The nutrition of ra-

Manuscript submitted: 22" June 2020
Revised version accepted: 5" October 2020

diolarians: Trophic activity of some solitary Spumellaria.
Limnology and Oceanography, 30 (3), 646—652.

Tan Sin Hok 1927. Discoasteridae incertae sedis. Proceedings
of the Koninklijke Nederlandse Akademie van Wetenschap-
pen, Section of Science, 30, 411-419.

Tempeére, J. and Peragallo, H. 1912. Diatomées du Monde En-
tier, Edition 2, Fascicule 20-23, 305-352. J. Tempeére; Ar-
cachon, Gironde.

Tierney, J.E., Haywood, A.M., Feng, R., Bhattacharya, T. and
Otto-Bliesner, B.L. 2019. Pliocene warmth consistent with
greenhouse gas forcing. Geophysical Research Letters, 46,
9136-9144.

Van Heurck, H. 1883. Synopsis des Diatomées de Belgique,
Atlas pls CIV-CXXXII. Ducaju et Cie; Anvers.

Varol, O. 1982. Calcareous nannofossils from the Antalya Ba-
sin, Turkey. Neues Jahrbuch fiir Geologie und Paldontolo-
gie, Monatshefte, 1982 (4), 244-256.

Versteegh, G.J.M., Brinkhuis, H., Visscher, H. and Zonne-
veld, K.A.F. 1996. The Relation between productivity and
temperature in the Pliocene North Atlantic at the onset of
Northern Hemisphere Glaciation: A Palynological Study.
Global and Planetary Change, 11 (4), 155-165.

Vincent, E. 1974. Cenozoic planktonic biostratigraphy and pa-
leoceanography of the tropical western Indian Ocean. In:
Fisher, R.L. and Bunce, E.T. (Eds), Initial Reports of the
Deep Sea Drilling Project, 24, 1111-1150.

Wallich, G.C. 1860. On the siliceous organisms found in the
digestive cavities of the Salpae, and their relation to the
flint nodules of the Chalk Formation. Transactions of the
Microscopical Society of London, New Series, 8, 36-55.

Welling, L.A. and Pisias, N.G. 1998. Radiolarian fluxes, stocks,
and population residence times in surface waters of the
central equatorial Pacific. Deep Sea Research Part 1, 45,
639-671.

Young, J.R. 1990. Size variation of Neogene Reticulofenestra
coccoliths from Indian Ocean DSDP cores. Journal of Mi-
cropaleontology, 9, 71-85.

Young, J.R. 1998. Neogene. In: Bown, P.R. (Ed.), Calcareous
Nannofossil Biostratigraphy, 225-265. British Micropa-
lacontological Society Publications Series, Chapman and
Hall; Cambridge.

Young, J.R., Bown, P.R. and Lees, J.A. 2017. Nannotax3 web-
site. International Nannoplankton Association, 10 June
(http://www.mikrotax.org/Nannotax3)

Zhang, L. and Suzuki, N. 2017. Taxonomy and species diver-
sity of Holocene pylonioid radiolarians from surface sed-
iments of the northeastern Indian Ocean. Palaeontologia
Electronica, 20 (3.48A), 1-68.



