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The relative abundances of planktonic foraminifera, the
changes in their coiling and the isotopic record from deep
sea cores of some crucial sites in Northern Indian Ocean
indicate climatic fluctuations for the past 3.0 million
years (Late Pliocene to Pleistocene). The abundance of
temperate forms like Globigerina spp. together with
sporadic occurrence of a polar species Neogloboquadrina
pachyderma during specific time intervals suggest cooling
episodes. Warmer intervals are marked by the dominance
of tropical assemblages including Globigerinoides spp.,
Glaborotalia sl, Pulleniatina and Globoguadrina. On the
basis of the planktonic foraminiferal frequency changes,
four intervals of major climatic cooling have been recog-
nized —one in the Late Pliocene (2-3 m.y.), three in the
Pleistocene immediately above the Pliocene/Pleistocene
boundary (1.6 m.y.), at 0.6m.y., and during the late
Pleistocene. Marked shift in coiling directions within
Pulleniatina populations and Globorotalia . is observed
to coincide with the frequency changes.

There was marked increase of 5'%0 values in oxygen
isotopic record of foraminiferal tests around 2-3 m.y.
(Late Pliocene) and within the Pleistocene. Major faunal
turnover accompanied by changes in coiling synchronous
with the isotopic shifts, suggest these faunal changes to
be climatically induced.

Introduction

A number of {luctuations in the earth’s climatic history
during the Quaternary have been identified. Our
present knowledge of the Quaternary climatic record of
the continents has been exclusively derived from the
investigations made on terrestrial sediments. In recent
years with the advent of the Deep Sea Drilling Project
(DSDP) and Ocean Drilling Programmes (ODP) much
new data have been gathered about the climatic
changes during the Quaternary.

In the Indian subcontinent the Quaternary sequences
are represented by continental facies (sub-Himalaya),
marine transgressional facies (Kachchh-Saurashtra, Kerala
and Coromandal Coast) and deep water marine facies
(Andaman-Nicobar Islands). The continental facies
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dominates. Extensive studies reveal that coastal and
deep water marine facies are patchy and scanty
exhibiting only incomplete record of the Quaternary,
although almost a complete record is represented by
the continental facies of the Siwaliks in the sub-
Himalaya. Since the terrestrial Quaternary sequences
are disturbed and discontinuous due to neotectonic
events and attendant erosion, the palaeoclimatic imprints
are not well preserved in these sequences. On the other
hand, the deep sea sequences provide an undisturbed
and complete record of the Quaternary.

The investigations carried out so far on the
Quaternary sediments in India were mainly confined to
the problem of demarcating the Neogene/Quaternary
(N/Q) boundary. On the other hand, detailed investiga-
tions have been carried out on the Quaternary deep sea
cores of the Atlantic and Pacific Oceans employing
modern approaches to palacoceanography and palaco-
climatology. Such studies on the Indian Ocear decp
sca gores have not been seriously undertaken so far.
However, in recent years there has been a growing
realization of the importance of the Quaternary deep
sea sequences in the Indian Ocean from the palaecoceano-
graphic and palacoclimatic points of view. This led to
quite a few significant contributions on the foramini-
feral studies of top cores and to understanding the
pattern of climatic fluctuations during the Late
Quaternary in the Arabian Sea, Southwest Indian
Ocean and Northern Indian Ocean® ~8.

During the last few years a comprehensive study on
both planktonic and benthic foraminifera and stable
isotope records (oxygen and carbon) of foraminiferal
tests from the Indo-Pacific deep sea cores was initiated
by Srinivasan and his coworkers® "2? at the Banaras
Hindu University as a part of the international project
on the Cenozoic Palacoceanography Programme
(CENOP).

In this paper an attempt is made to decipher the
climatic changes in the oceanic materials of the Northern
Indian Ocean during the Quaternary, on the basis of
qualitative and quantitative planktonic foraminiferal
data and the stable isotope record.
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DSDP sites in Northern Indian Ocean

In the early 1970s the Indian Ocean was the centre of
drilling activities by JOIDES Deep Sea Drilling Project,
and several sites were drilled during DSDP Llegs 22
through 29. The four sites (214, 219, 237 and 238)
selected for present investigation (Figure 1), are ideal
for planktonic foraminiferal biostratigraphic and pa-
lacoceanographic studies because of their continuous
coring and good faunal preservation.

DSDP site 214 was drilled along the crest of Ninety-
east Ridge at water depth of 1665 m, whereas site 219 is
situated on the crest of Chagos-Laccadive Ridge, a
north-south trending structure extending southward
from the eastern margin of the Arabian Sea (water depth—
1764 m). Site 237 was drilled on the Mascarene Plateau
in the saddle joining the granitic Seychelles Bank to the
volcanic Saya de Malha Bank (water depth —1640 m).
On the other hand, site 238 is located east of the
Central Indian Ridge near the southern end of the
Chagos-Laccadive at the extreme northeast end of Argo
Fracture Zone (water depth— 2832 m). The details of
samples and location of examined DSDP sites are
presented in Table 1.

Eightynine samples of approximately 10 cm® volume
from the DSDP sites 214, 219, 237 and 238 were
examined at regular stratigraphic intervals of one
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Figure 1. Physiography of the Indian Ocean (after Davies et al>*)
and the location of the DSDP sites examined

sample per section spanning the time range from Late
Pliocene to Quaternary.

Quaternary biochronology

The Neogene planktonic foraminiferal events [First
Appearance (F.A)) and Last Appearance (L.A)] in deep
sea sections calibrated with palacomagnetic time scale
provide an excellent chronological framework. Many of
these events have been demonstrated as isochronous
global events by employing Graphic Correlation
Technique?'-22. At the examined sites nine such events
have been identified during the Late Pliocene—Pleisto-
cene (Table 2). Of these Globigerinoides fistulosus F. A.
(3.2 m.y.), Globorotalia tosaensis F. A. (3.1 m.y.}, Globo-
rotalia truncatulinoides F. A. (1.9 m.y.) and Globarotalia
tosaensis L. A. (0.6 my.) mark the zonal boundaries
(Figure 2). Figure 3 shows the Late Pliocene-Pleistocene
planktonic foraminiferal zones with their thickness at
the examined DSDP sites.

The Pliocene/Pleistocene boundary

The demarcation of the Pliocene/Pleistocene (Neogene/
Quaternary) boundary has been a subject of major
controversy for several decades. This controversy has
now been solved to a great extent by integrated
approach using multiple microfossil biostratigraphy,
magnetochronology, radiochronology and isotope re-
cords. On the basis of integrated biomagnetoradiochro-
nologic studies, the Pliocene/Pleistocene boundary has
now been placed at the top of the Olduvai Normal
Event dated?® at 1.6 m.y. Critical examination of the
tropical to subtropical Late Neogene planktonic fora-
miniferal datums from the Indo-Pacific deep sea cores
reveal that the Globigerinoides fistulosus LAD (Last
Appearance Datum) is virtually coincident with the top
of the Olduvai Normal Event*:24 Therefore, Globi-
gerinoides fistulosus LAD marks the Pliocene/Pleisto-
cene boundary (Figure 2).

Climatic changes

Planktonic foraminifera as compared to other micro-
fossil groups have been used widely to understand

Table 1. Details of core samples and location of examined DSDP aites
in Northern Indian Ovean
Nurnber

Water of Core
DSDP Physiographic depth studied length
sie province Lutitude Longiude (m) samtples {m)
214 Ninetycast Ridge 1120208 K8 43.08°E H163 27 475
219 Chagos-Ldctadive ULIEN 72'5267'E 1764 2 420

Ridge

237 Muascarene Platesu T0499'S S8 0748 L Le40 12 350
234 Central Indian Ridge 1Fo921'S 7073156 2832 28 4490
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Table 2. Late Pliocene-Plostocene planktome forammiferal datums
recogmsed and their estimated ages??-3*

Globorotala tosaenas LAD 06 m.y.
Glohwerinoides obhiguus LAD
Globwerinoides fistulosus LAD 1.6 m.y.
Globoretaha truncatulinendes FAD 19my.
Glohorovalia multicamerata LAD 29my.
Dentoglohigenina aliispiea altispira LAD 29m.y.
Sphaeratdinellopsis LAD 30my.
Globorotalia tosaensis FAD 3tmy.
Globigerineudes fistulosus FAD 32my.
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Figure 3. Late Pliocene-Pleistocene plankionic foramimferal zones
and their thickness at the examined DSDP sites.

palaeoclimatic and palacoceanographic changes, because
of their high abundance in deep sea sediments, high rate
of faunal turnover and having sigmificant response to
climatic fluctuations. Investigations carried out on
modern planktonic foraminifera have indicated that
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their distribution is primarily controlled by watermass
conditions reflecting surface and near surface sea
temperatures?®-#3~ 28, Keeping this in view the Neogene
planktonic foraminiferal species were grouped into four
major assemblages representing tropical, subtropical,
transitional-temperate and subantarctic bioprovin-
ces2%-2728, The planktonic feraminiferal assemblages in
the present study have been grouped into— (i) tropical
water species, (ii) temperate water species, and (iii)
polar species (cold water species) (Table 3). Since the
examined sites are optimal for tropical assemblages, the
relative increase in the abundance of temperate forms
during specific time intervals reflects palaeoclimatic/
palaeoceanographic changes attributable to the increase
in the volume of polar ice. The presence of the polar
species, Neogloboguadrina pachyderma in a few core
samples further testifies to the upwelling and influence
of cold polar waters (Figures 4 10 7).

An attempt has also been made to study the pattern
of coiling changes in some important planktonic fora-
minifera (Pulleniatina and Globorotalia sl) in order to
observe whether the changes in coiling pattern have any
link with major faunal turnovers and changing water-
mass conditions.

Results and discussion

The per cent abundances of important tropical to
temperate planktonic foraminiferal assemblages from
the DSDP sites 214, 219, 237 and 238 in Northern
Indian Ocean plotted against time reveal a number of
distinct oscillations during the Late Pliocene and
Pleistocene (Figures 4 to 7). These fluctuations in the
planktonic foraminiferal assemablages appear to be
closely linked with major palacoceanographic changes
triggered by global climatic changes. Four intervals of
such major faunal changes have been observed one in
the Late Pliocene and three in the Pleistocene.

Table 3. Important planktonic foramuniferal species used for
palacochmatic and palaeoceanographic interpretations

Tropical water species:
Globigerinordes spp.
Globigerinoides conglobatus,
Globigerinowdes triloba,
Globigerinades quadrilobatus,
Globigerinoides sacculifer,
Globigerinoides ruber.

Globorotalia s).

Globoroialia menardii, Globorotalia tumida tumda,
Pulleniatina obliquiloculata
Globoguadring venezuelana

Temperate-water species;
Globigerina spp.
Globigerina bulloides, Globigerina falconensis,
Globgerma quingueloba

Polar species:
Neoglaboquadrina pachyderma
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Figure 8. Per cent distnibution of Globigering spp., Globigerinodes spp., Globorotalia s, Puilenianina and Globoguadrina at

DSDP site 219 (C,, C,, C,, and C, indicate Cool Events).

During the Late Pliocene (2-3m.y), a general
increase in the abundance of the temperate form
Globigerina spp. and corresponding decrease in the
tropical assemblages (Globigerinoides spp., Globorotalia
81, Pulleniatina and Globoquadrina) reflects cooling of
surface waters in the Northern Indian Ocean (Figures 4
to 7). The presence of Neogyloboquadrina pachyderma (a
polar species) in core 4, sec. 6 at site 219 suggests
upwelling and flow of cold polar waters to the Arabian
Sea during this time. A shift in coiling pattern within
the Pulleniatina population (dextral to sinistral) and
Globorotalia sl. (sinistral to dextral) is observed to
coincidg with the major faunal change during Late
Pliocene (2-3 m.y) This fact supports the conclusion

CURRENT SCIENCE, VOL. 64, NOS. 114 12, 10& 25 JUNE 1993

that coiling changes in some planktonic foraminiferal
groups are linked with the palaeoceanographic changes
(Figures 8, 9). 1t may be emphasized that the nature of
coiling changes differs in different planktonic foramini-
feral groups.

During Late Pliocene times oxygen isotope record of
foraminiferal tests shows a noticeable increase in 8'%0
values, which has been commonly interpreted to reflect
the cooling of waters in high latitudes and the
expansion of polar ice sheets! -2, The deep scu benthic
foraminifera also indicate bottom-water covling during
the Late Pliocene in the Northern Indian Ocean'®,
similar to the surface-water cooling indicated by the
planktoni¢ foraminifera.
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Figure 9.

Recent studies®®-3! on stable isotope records (oxygen
and carbon) and relative abundance of the planktonic and
benthic foraminifera also reveal the initiation of
glaciation in the Northern Hemisphere during 3.1 to
32m.y. period with marked continental glaciation
beginning at abcut 24my. The Northern Hemis-
phere glaciation has led to the emergence of Panama
Isthmus and resulted in mammalian extinction on a
[arge scale during the Late Pliocene. Thus, the marked
change in the mammalian fauna observed at the base of
Pinjor (Upper Siwalik) of sub-Himalaya, reflects the
Late Pliocene climatic cooling as a result of the cryo-
spheric evolution in the Northern Hemisphere. The
demarcation of the Pliocene/Pleistocene boundary at
the base of Pinjor (where there is a major mammalian
faunal turnover in the continental Siwalik Group) as
suggested by Rao®? is nol acceptable, As a matter

CURRENT SCIENCE, VOL. 64, NOS. j1 & 12, 10& 28 JUNE 1993

Coiling of Globorotalia s . since 3 m.y. in the Northern Indian Qcean,

of fact the mammalian faunal change at the base of
Pinjor reflects the major global climatic cooling that
occurred at 2.4 m.y. (Late Pliocenc), and is thus at least
0.8 m.y. older than the top of the Olduvai Normal
Event.

The planktonic foraminiferal data reveal a relatively
short warmer interval prior to the beginning of the
Pleistocene. This is inferred from the dominance of
tropical assemblages and the corresponding decrease in
abundance of temperate forms (Figures 4, 5, 7). During
this interval, a major switch in coiling direction of
Puileniating (sinistral to dextral) is also observed at sites
214 and 219 (Figure 8).

The beginning of the Pleistocene (1.6 m.y.) is marked
by a general increase in the abundance of temperate
forms and simultancous decrease in the per cent
frequency of tropical assemblages at sites 214, 219 and

w
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Table 4 Mujor botic, wotopic, paiacoceanographic and global palacoclimatic events in the Northern Indian Ocean
{Modified after Gupta and Snimivasan'™)

Biotic events
Planktonic Benthrc Palaeoceano- Globat
Age Fpo- foramiriferal foraminsferal Isotopic graphic palacachimatic
my) ch events events gvents evenls events
Deminance of Cooler fauna are 5'%0 ncrease Surface and bottom  Major glacalinterglacial
temperate assembla-  dominated water cooling, episodes, increase in
ges. sporadic increased upwelling  polar ice volume,
occurrence of expansion of Southern
o6 v Neoglowwpradring Hemisphere ice sheets
g pachiderma major
_3, shift 1n coiling mode
g of Pullemaning
a
Dominance of Dommance of Surface and bottom
temperate assembla-  {vigerina water cooling,
ges, sporadic increased upwelling
occurrence of
Neogloboquadrina
pachyderma
Dominanee of Dominance of Major shift in Surface and bottom  Global climatic cooling
[ temperate assembla-  Vwgerinag and isotopic signzl water cooling northward expansion of
16 § ges, major shuft in Glabocassiduling towards higher Antarctic waters, major
= couling mode of value in $'%0 Northern Hemisphere ice
o Globorotalia s.1. and accumulation.
=t Pullemating
kX1 ~ Significam increase
3.2 in Unigerina

238, reflecting climatic deterioration (Figures 4, 5, 7).

The Pleistocene epoch shows a number of intervals of
faunal fluctuations which appear to be in response to
glacial and interglacial episodes. As the authors have
not examined the Pleistocene sequences at very close
stratigraphic intervals, all climatic vicissitudes could not
be detected. However, recent studies®® on temporal
variation in the distribution of planktonic foraminifera
of the top 9 meters core of site 219 at very close
stratigraphic interval lead to identification of five pulses
of climatic fluctuations.

The present quantitative data reveal three major
peaks of abundance in the temperate form of
Globigerina spp. during the Pleistocene, which are
virtually coincident with the decrease in abundance of
tropical assemblages thus reflecting three cooling
episodes, viz. first immediately after the Pliocene/
Pleistocene boundary (1.6 m.y.), second at 0.6 m.y and
third in the late Pleistocene. The increase in polar-ice
volume during these intervals appears to be plausible
explanation for these major faunal changes. The
sporadic occurrence of Neogloboquadrina pachyderma
at sites 214 (core 1, sec. 6), 219 (core 2, sec 4 and core 3,
sec. 3), 237 (core 1, sec. 3 and core 2, sec. 1} and 238
(core 1, secs. 4,5; core 2, sec. 2 and core 3, secs. 4,5)
bears further festimony to the increased influence of
upwelling and flow of cold of polar waters towards the
Northern Indian Qcean (Figures 4-7).

A shift from dextral to sinistral coiling in Pulleniatina
population at all the examined sites coincident with the
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Middle Pleistocene cooling event at 0.6 m.y. has also
been observed (Figure 8), suggesting coiling change to -
be induced by climatic change.

The Pleistocene cooling events are well reflected in
the oxygen isotopic record with enriched §'20 values.
On the basis of deep sea benthic faunal record at site
214, Gupta and Srinivasan'’ suggested bottom-water
cooling during the early Pleistocene (1.6 to 0.6 m.y.) and
late Pleistocene (0.6 m.y. to Recent).
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Pattern and nature of sedimentation on the
continental shelves of the Indian Craton during

Quaternary

P. C. Shrivastava and P. R. Chandra
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Inner shelf of the Indian continental margin is covered
with sands, silts and clays, while the outer shelf with
oolites/ooids, and relict sands, partly characterized by
stained quartz grains. Algal and coralline ridges developed
in the outer shelf area, run almost parallel to the coasts.
The radio-carbon dates for oolites/ooids and algal
limestone vary between 7,500 and 12,500 yr B.P.,
indicating late Pleistocene/Holocene period when the sea
level had lowered down to 100 m or more,

Introduction

THe Quaternary period witnessed organic evolution,
extreme change in the climate, including glaciation and
deglaciation on lands and relative changes in the land-
sea interface, the high sea level stands coinciding with
warm epochs. The sedimentation in the continental
shelves was controlled by alternating glacial and inter-
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glacial stages, resulting in low and high sea levels,
respectively. The pattern and nature of sedimentation
on the continental shelves of India provide excellent
records of palacoenvironments including imprints of
past monsoonal conditions and of formation of seabed
resources such as titanium, thorium, phosphates, lime,
building material, refractory minerals, etc.

The continental shelf is, it may be recalled, the
shallow platform that surrounds most of the continents,
sloping 0-1° and is terminated seaward by a relatively
sharp break in slope at an average depth of 550m
called the shelf edge or shelf break®. The shelf area is
about 13.6% of the Indian landmass?,

Geomorphology of continental shelves

The width of the western continental shelfl is about
300 km off Bombay and narrows down to about 60 km

ot3



