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ABSTRACT
The palaeoceanographic changes in the Bay of Bengal are driven by monsoonal variability. The present study was pursued on benthic foraminifera 

obtained from the NGHP Hole 3B (15°53.8919′ N, 81°53.9678′ E, water depth 1076m), Bay of Bengal to understand Holocene palaeoceonographic 
turnovers. A total of 21 species from 30 samples have been considered for multivariate analysis. Four biofacies are identified based on Q-mode cluster and 
R-mode factor analyses. Biofacies Be-Up (Bulimina exilis and Uvigerina peregrina), Ck-Ba (Cibicides kullenbergi, Bulimina alazanensis, Bulimina striata, 
Vulvulina pennatula and Chilostomella oolina) and Oc-Ou (Osangularia culter, Oridorsalis umbonatus, Chilostomella oolina and Bolivina alata) dominate 
during 8226 to 6248, 4815 to 2462 and 1896 to 1262 calibrated years before the present, respectively indicating intervals of high productivity with better 
aerated bottom water. The other biofacies Hb-Gp (Hyalinea balthica, Globobulimina pupoides, Pullenia subcarinata, Bulimina marginata, Bulimina striata, 
Bolivinita quadrilatera and Rotaliatinopsis semiinvoluta) dominates from 6070 to 5007 and 2300 to 1896 cal yrs BP indicating presence of cold and oxygen 
deficient environment. Better aerated condition was developed as a result of intense SW monsoon which was responsible for huge precipitation, supply 
of more freshwater and nutrients. Besides, during the climatic cold, weak SW monsoon may play an important role for development of oxygen deficient 
environment. A weak SW monsoon during cold climate causes less input of fresh water in the Bay of Bengal. However, upwelling driven by the intense NE 
monsoon may be another potential cause for such oxygen deficiency.
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INTRODUCTION

Upliftment of the Himalayan Mountainas as well as 
intense SW monsoon (Indian Summer monsoon) are the two 
major events responsible for increased sedimentation with 
more terrigenous input within the Bay of Bengal (Gupta et al., 
2004; Clift et al., 2008; Dewangan et al., 2010). The major 
rivers which contribute huge amount of sediments to the Bay 
of Bengal are the Brahmaputra (402 to 710 ×106 tonnes/year), 
Ganga (403 to 660 × 106 tonnes/year), Mahanadi (5.08-20.39 
mm/yr), Krishnaand Godavari (67.72 × 106 tonnes/year) and 
Cauvery (0.4-4mm/yr)(Ramesh and Subramanian, 1988; 
Chakrapani and Subramaniam, 1993; Ramanathan et al., 1996; 
Subramanian and Ramanathan, 1996). Accordingly, this thick 
pile of sediments facilitate recording of various paleoclimatic 
and paleoceanographic signals in this region. Monsoonal 
variations in India are typically influenced by the two reverse 
wind circulation patterns. These opposite wind flows are the 
south west monsoonal winds (strong in summer) and the 
northeast monsoonal winds (variable but stronger in winter) 
(Tchernia, 1980; Gupta et al., 2006, 2008). The summer or 
southwest monsoonal winds carry moisture to the Indian land 
mass causing intense rainfall. Upwelling and related high surface 
productivity during the strong summer monsoon is pronounced 
in the Arabian Sea (Banse and English,1994; Gupta et al., 2003, 
2005; Caley et al., 2011). Biological productivity is decreased 
during the winter season in the Central Indian Ocean when dry 
north-easterly winds blow from land to sea (Krey, 1973; Shetye 
et al., 1993; Gupta et al., 2006).  

Benthic foraminifera are reliable proxy used to understand 
paleaoceanographic settings of any ocean basin owing to the 
sensitivity to particular environment. Benthic foraminiferal 
distribution depends on the food, oxygen, salinity, temperature 

and deep-ocean currents (Streeter, 1973; Schnitker, 1974; Miller 
and Lohmann, 1982; Caralp, 1988; Gupta and Srinivasan, 1990; 
Mackensen et al., 1995; Miao and Thunell, 1993; Jian and 
Wang, 1997; Schmiedl and Mackensen, 1997; Sen Gupta and 
Machine-Castilo, 1993; Gupta, 1999; Schönfeld, 2002). 

The present investigation was pursued using benthic 
foraminiferal proxies from sediment core samples collected 
from the Krishna-Godavari Basin, to understand Holocene 
Paleoceanograhic changes driven by monsoonal variability. 

LOCATION AND OCEANOGRAPHIC SETTINGS

Unconsolidated sediment samples for the present study 
were collected from National Gas Hydrate Program (NGHP) 
Hole 3B, Krishna-Godavari Basin (hereafter designated by K-G 
basin). Hole 3B (15°53.8919′N, 81°53.9678′E) is situated 40 
km off the coast line at a water depth 1076m (Fig. 1, Collett  
et al., 2007). Higher sedimentation rate during the Neogene 
period is recorded caused by the upliftment as well as erosion of 
the Himalaya (Dewangan et al., 2010). Accumulated sediments 
thickness in the offshore K-G basin may exceed 8 km in some 
places (Prabhakar and Zutski, 1993). The topmost Holocene 
nannofossils rich clay sequence of the K-G basin is the part of 
the Godavari Clay formation (Rao, 2001) in which the present 
study is confined.

The K-G basin is located at the western coast of Bay of 
Bengal influenced by coastal upwelling during south-west 
monsoon (June-October) as well as huge freshwater influx 
brought by the rivers Irrawaddy, Brahmaputra, Ganges, 
Mahanadi and Godavari (Shetye et al., 1991; Kantha et al., 
2008). This part of the Indian Ocean (Bay of Bengal) receives 
excess precipitation than evaporation leading to comparatively 
fresh surface layers (Kantha et al., 2008).
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The Indian Ocean is bathed by three types of water masses. 
Shallower depth (up to ~ 1200 m) is influenced by the Antarctic 
Intermediate Water or AAIW (Tchernia, 1980). Depths between 
1200 and 2000 m are mostly dominated by a mixture of the well 
oxygenated North Atlantic Deep Water (NADW) and North 
Indian Deep Water or NIDW (Fig.1, Wyrtki, 1971; Tchernia, 
1980; Bhaumik et al., 2014). The deeper part (> 3000 m) is 
bathed by nutrient rich, cold water of Antarctic origin – the 
Antarctic Bottom Water or AABW (Tchernia, 1980; Bhaumik 
et al., 2014). Between 2000 and 3000 m, the water mass has 
the characteristic of both NADW and AABW due to mixing. 
The shallow part of the Indian Ocean adjacent to Andaman is 
presently bathed by the Equatorial Water Mass (De and Gupta, 
2010; Bhaumik et al., 2014). The East Indian Coastal Current 
(EICC) flows towards NE along the eastern cost of the Indian 
Ocean during the boreal summer whereas this current (EICC) 
moves opposite towards SW during the boreal winter (Schott 
and McCreary, 2001; Kantha et al., 2008).

MATERIALS AND METHODS

A total of 30 unconsolidated core samples with 10cc volume 
each were collected to pursue the present study. Each sediment 
samples was soaked with normal water for about 12 hours for 
separation of foraminifera. Soaked samples then washed over 
63μm (230 mesh) sieve. Finer clay particles were washed 
away and the coarser residual part (>63µm) transferred into the 
beaker and placed into oven todry at 60ْ°C. All the oven-dried 

samples were sieved over 125μm to remove the juvenile and 
dwarf forms prior to microscopic observation. Then the residual 
part (>125 µm) of each sample was split into suitable aliquot 
to get 250 to 300 individuals from each samples. Species level 
identification of benthic foraminifera were done under stereo-
zoommicroscope. The age of the sediments of this hole is not 
available. Therefore, radiocarbon AMS 14C dates of planktonic 
foraminifera from the nearby Hole MD161/11 are taken up to a 
depth of 13.55m. Hole 3B is situated at a distance of only 7.5 km 
from Hole MD161/11 towards east of southeast in similar water 
depth. Hence, it is considered that sediment ages of Hole 3B will 
be similar to that of Hole MD161/11. The sediments of Hole 3B 
show an age of 8226.3 year at a depth of 13.23 mbsf.    

Species having abundance more than 5% in a sample and 
present at least in 15 samples were considered for multivariate 
(cluster and factor) analysis to reconstruct the paleoenvironments. 
A total of 21 species (Table1) were chosen as per the above 
mentioned criteria to perform the multivariate analyses. R-mode 
Principal Component Analysis (PCA) using SAS software is 
performed on the correlation matrix followed by an orthogonal 
VARIMAX rotation to maximize the variance. Four factors 
have been retained, based on the scree (x–y) plot of Eigen 
values versus the number of species (variables) and screening 
of factor scores, that account for 74.74% of the total variance 
(Table 2). Zero values used during the analysis are designated 
as missing values for each species against each observation 
number in PCA analysis. The Q-mode cluster analysis using 
Ward’s Minimum Variance method is also performed. Prior 

Fig. 1. Location map of National Gas Hydrate Program (NGHP) Hole 3B (15°53.8919′N, 81°53.9678′E, water depth 1076m), Krishna-Godavari Basin, 
Bay of Bengal (Collett et al., 2007) with the ocean circulation pattern. Solid lines indicate deep ocean currents whereas dotted line indicates surface 
ocean currents. RSPGIW = Red Sea - Persian Gulf Intermediate water, AABW = Antarctic Bottom Water, NADW = North Atlantic Deep Water, CPDW = 
Circumpolar Deep Water, NIHSIW = North Indian High-salinity Intermediate Water, EICC = East Indian Coastal Current.
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to cluster analysis, a PCA was performed on the 
covariance matrix of the 21 highest ranked species 
from the dataset. Based on the plot of semi-partial 
R-squared values versus the number of clusters, 
four clusters were identified (Fig. 2). VARIMAX-
rotated factors that show high factor scores with 
well-established species associations were used 
to identify biofacies. We identified 4 biofacies, 
and interpreted their paleoenvironments based 
on present day ecological preferences of the most 
abundant species in the biofacies (Table 2; Figs. 
3-6).

RESULTS AND DISCUSSIONS

Four biofacies (Table 2, Figs. 3-6) are 
identified based on four clusters (Fig. 2), Eigen 
values, factors and species associations obtained 
through cluster and factor analyses. Each biofacies 
is described below with its species associations 
and environmental preferences. 

Be-Up biofacies is dominated by two species 
i.e. Bulimina exilis and Uvigerina peregrina 
(Fig.3). Jonkers (1984) documented the Bulimina 
exilis in low oxygen and high food condition. 
It is abundant in areas of high organic flux 
which is fresh in nature. So, the presence of this 
species indicate huge amount of fresh or slightly 
altered organic influx (Caralp, 1989; Jonkers, 
1984; Polyak et al., 2002). Bulimina exilis has 
sustained in oxygen depleted environment (Lutze 
and Coulbourn, 1984; Sen Gupta and Machine-
Castilo, 1993; Rathburn and Corliss, 1994). 
The other major species Uvigerina peregrina 
prefers shallow to intermediate infaunal habitat, 

independent of oxygen but lives in the low to moderate oxygen 
concentration and high organic flux (Lutze and Coulbourn, 
1984; Hermelin and Shimmield, 1990; Dingle and Nelson, 
1993; Rathburn et al., 1996). Schmiedl et al. (1997) reported 
U. peregrina at the lower continental slope with high organic 
matter carried by the Cunene River. The distribution of this 
species depends on organic matter influxes in the North Atlantic 
and Northwest Indian Ocean (Miller and Lohmann, 1982; Lutze 
and Coulboum, 1984; Hermelin and Shimmield, 1990). The 
biofacies occupies an interval between 8226-6248 cal yr BP and 
species association shows high productivity interval (Table 2).

Biofacies Hb-Gp is defined by the dominance 
of Hyalineabalthica, Globobulimina pupoides, 
Pulleniasubcarinata, Bulimina marginata, Bolivinita 
quadrilatera, Buliminastriata and Rotaliatinopsis semiinvoluta 
(Fig. 4). Both Hyalinea balthica and Pullenia subcarinata are 
bathed by the cold watermass (Bock, 1970; Collen, 1974; Ross, 
1984; Murray, 1991; Mackensen et al., 1995). Gvirtzman et 
al.(1997) considered the H. balthica as an “Early Pleistocene 

Table 1. List of species having abundance greater than 5% atleast in one 
sample and present in 15 samples used in multivariate analysis

1)	 Bolivina alata = Bolivina alata Sequenza, 1862
2)	 Bolivinita quadrilatera = Textilaria quadrilatera Schwager, 1866
3)	 Bulimina  alazanensis = Bulimina  alazanensis Cushman, 1927
4)	 Bulimina arabiensis = Bulimina Arabiensis Bharti and Singh, 2013
5)	 Bulimina exilis = Bulimina exilis Brady, 1884
6)	 Bulimina gibba = Bulimina gibba Fomasini, 1901
7)	 Bulimina marginata = Bulimina marginata d’Orbigny, 1826
8)	 Bulimina striata = Bulimina striata d’Orbigny, 1826
9)	 Cassidulina  carinata  = Cassidulina laevigata d’Orbigny var. carinata 

Silvestri, 1896
10)	 Chilostomella oolina = Chilostomella oolina Schwager, 1878
11)	 Cibicides  kullenbergi = Cibicides  kullenbergi Parker, 1953
12)	 Fursenkoinia bradyi = Virgulina bradyi Cushman, 1922
13)	 Globobulimina pacifica = Globobulimina  pacifica Cushman, 1927
14)	 Globobulimia pupoides = Bulimina pupoides Cushman and Parker, 

1947
15)	 Hyalinea balthica = Nautilus balthicus Schroeter, 1783
16)	 Oridorsalis  umbonatus = Rotalina umbonata Reuss, 1851
17)	 Osangularia culter = Planorbulina culter Parker and Jones, 1865
18)	 Pullenia subcarinata= Nonionina subcarinata 

d’Orbigny, 1839
19)	 Rotaliatinopsis semiinvoluta = Pulleniatina 

semiinvoluta Germeraady, 1946
20)	 Uvigerina peregrina= Uvigerina peregrina Cushman, 

1923
21)	 Vulvulina pennatula = Nautilus (Orthoceras) 

pennatula Batsch, 1791

Fig. 2. Dendrogram based on Q-mode cluster analysis of 30 Holocene samples from NGHP 
Hole 3B using Ward’s Minimum Variance method. Four clusters have been identified on the 
basis of the number of clusters versus semi-partial R2. Each cluster corresponds to a biofacies 
named after the most dominant species within each cluster.
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cold water nordic guest”. Hyalinea balthica is most profuse 
in cooler waters of the North Atlantic during the late Pliocene 
(van Morkhoven et al., 1986). It also prefers to live in epifaunal 
to shallow infaunal habitat, neritic to upper bathyal zone, 
muddy sand area with oxygen level of 0.3 ml/l (Hermelin and 
Shimmield, 1990; Murray, 1991; Jannink, 1998; Rosenthal 
et al., 2011).This species is reported from the core of OMZ 
(oxygen minimum zone) in the Arabian Sea (Hermelin and 
Shimmield, 1990). According to Rathburn et al. (1996) B. 
marginata is a shallow infaunal species which lives in low 
oxygen with high organic conditions 
(SenGupta and Machine-Castilo, 
1993). Bulimina striata lives in an 
infaunal microhabitat and indicates 
high surface productivity (Rathburn 
and Corliss, 1994; Gupta, 1997). 
Warm water, shallow infaunal species 
Bolivinita quadrilatera indicates 
low oxygen concentration and high 
productivity (Poli et al., 2010). 
Jannink et al. (1998) documented 
Rotaliatinopsis semiinvoluta as an 
oxygen minimum zone species from 
the Arabian Sea. This biofacies occurs 
during 6070-5007 and 2300-1896 
cal yr BP and is suggested Oxygen 
deficient cold to temperate climate 
(Table 2).

The biofacies Ck-Ba is 
characterised by Cibicides 
kullenbergi, Bulimina alazanensis, 
Bulimina striata, Vulvulina pennatula 
and Chilostomella oolina and ranges 
between 4815-2462cal yr BP (Fig. 

5). Cibicides kullenbergi lives in a variety of environmental 
settings. The occurrence of this species is also indicative of 
intermediate to low organic flux, warm deep water, NADW, high 
oxygen (Gooday, 2003; Lutze and Coulbourn, 1984; Woodruff, 
1985; Gupta and Srinivasan, 1990; Lohmann, 1978; Bhaumik 
et al., 2007).  It has been considered as an epifaunal spices and 
oxic indicator (>2 ml/l O2) (Kaiho, 1999). Lutze and Coulbourn 
(1984) and Gupta and Thomas (1999) documented this species 
in low organic carbon flux in north-western Africa as well as 
associated with the high organic flux and warm water species. 
Cibicides kullenbergi prefers to live on the middle and lower 
slope and the abyssal plain, deep infaunally(van Morkhoven 
et al., 1986; Holbourn and Henderson, 2002; Jorrisen et al., 
1998). Bulimina alazanensis suggests low temperature, high 
oxygen (2.5-3.3 ml/l), intermediate PO4, NO2/food (De and 
Gupta, 2010). It has been associated with the species of oxygen 
rich and saline core of North Atlantic Deep Water (NADW) 
(Schmiedl et al., 1997). Bulimina alazanensis also prefers to 
live an infaunal microhabitat in low-oxygen, organic carbon 
rich environment with high and continuous food supply (Corliss 
and Chen, 1988; Gupta and Thomas, 1999; Gupta et al., 2006). 
Bulimina striata lives in an infaunal microhabitat and indicates 
high surface productivity (Gupta, 1997; Rathburn and Corliss, 
1994). Elevated epibenthic species Vulvulina pennatula is an 
active suspension feeder (Lutze and Theil, 1989; Schӧnfeld, 
1997, 2002). This biofacies is inferred to reflect high organic 
carbon with moderate oxic environment (Table 2).

Biofacies Oc-Ou consists of Osangularia culter, Oridorsalis 
umbonatus, Chilostomella oolina and Bolivina alata (Fig. 6). 
This biofacies is dominantly present during 1896 to 1262 cal 
yr BP. Osangularia culter is documented as middle to lower 
bathyal taxon with other forms usually found in the Holocene 
sediments of the eastern Indian Ocean and is associated with 
relatively well oxygenated Indian Deep Water and the Indian 
Bottom Water (Corliss, 1979; Peterson, 1984). Schmiedl et al. 
(1997) suggested this species as an indicator of high oxygen 
and low food level in the Indian Ocean. This species is also 
recorded with higher numbers in oligotrophic, oxygen rich, 

Biofacies Variance 
(%)

Factor Environment

Hb-Gp (Factor 1 +ve)
Hyalinea balthica
Globobulimina pupoides
Pullenia subcarinata
Bulimina marginata
Bolivinita quadrilatera
Bulimina striata
Rotaliatinopsis 
semiinvoluta

21.29
0.814
0.785
0.705
0.415
0.362
0.313
0.305

Oxygen deficient 
cold to temperate 

climate

Ck-Ba (Factor 2 +ve)
Cibicides kullenbergi
Bulmina alazanensis
Bulimina striata
Vulvulina pennatula
Chilostomella oolina

20.25
0.878
0.768
0.595
0.528
0.437

High organic 
carbon with 

moderate oxic 
environment

Oc-Ou  (Factor 3 +ve)
Osangularia culter
Oridorsalis umbonatus
Chilostomella oolina
Bolivina alata

18.26
0.766
0.719
0.482
0.319

Relatively better 
ventilated-low 

organic carbon rich 
bottom water

Be-Up (Factor 4 –ve)
Bulimina exilis
Uvigerina peregrina

14.94
-0.531
-0.736

High productiv-
ity, independent 
of bottom water 

oxygenation

Table 2. Benthic foraminiferal biofacies with their preferred environment.

Fig. 3. Relative abundances of the dominant species in biofacies Be-Up.
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Fig. 4. Relative abundances of the dominant species in biofacies Hb-Gp.

saline NADW (Murray, 2006). Gupta 
(1999) linked this species with high 
energy, well oxygenated and probably 
low organic carbon environment in the 
Indian Ocean. However, Jannink et 
al. (1998) described this as a dysoxic 
(O2 level 0.3ml/l) species. Oridorsalis 
umbonatus is reported from various 
environmental settings and is commonly 
known as a cosmopolitan taxon 
preferring wide range of oxygen and 
food levels (Miao and Thunell, 1993; 
Schmiedl and Mackensen, 1997; Gupta 
and Thomas, 1999). Study of Jannink 
et al. (1998) described this species as 
dysoxic (O2 level 0.4ml/l). Also this 
species is considered as an indicator of 
well oxygenated, low organic carbon 
environment by numerous workers 
(Den Dulk et al., 2000; Jorissen et al., 
1998; Jayaraju et al., 2010; Rai and 
Srinivasan, 2000; Mackensen et al., 
1985; Corliss and Chen, 1988). Both 
Chilostomella oolina and Bolivina alata 
are mostly described as low oxygen 
species by several workers (Rathburn 
et al., 1996; Murray, 1991; Schmiedl 
et al., 2003; Sen Gupta and Machine-
Castilo, 1993; Kaiho, 1999). However, 
C.oolina is reported as associated 
species of Anomalinoides sp. in well 
ventilated condition in the Red Sea 
(Badawi et al., 2005). Shallow infaunal 
species Bolivina alata is dominant in 
the dysoxic environment (Stefanelli, 
2004; Stefanelli et al., 2005; Drinia et 
al., 2008). Thus, biofacies Oc-Ouis 
considered as an indicative of relatively 
better ventilated (dysoxic or better)-low 
organic carbon rich environment (Table 
2).

The Indian monsoonal system 
directly affects the ocean water 
properties including nutrient levels, 
production of organic carbon, oxygen 
level, and sedimentation rates as well 
as variations in population of benthic 
foraminifera (Singh and Gupta, 2004). 
Also, the Holocene climatic condition 
is assumed to be relatively stable and 
warm (Bond et al., 1997; Gupta et 
al., 2008).The benthic foraminiferal 
biofacies pattern in the present study 
suggests prominent climatic variations 
during the last 8226 years. The present 
investigation shows presence of 
high productive and relatively better 
oxygenated conditions during 8226 to 
6248 cal yr BP (biofacies Be-Up), 4815-
2462 cal yr BP (biofacies Ck-Ba) and 
1896- 1262 cal yr BP (biofacies Oc-Ou) 
(Table 2, Fig. 7). However, dominance 
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of biofacies Hb-Gp in two intervals (6070-5007 and 2300-
1896cal yr BP) indicates presence of cold to temperate climate 
environment with reducing oxygen levels (Table 2, Fig. 7).

It is believed that the early Holocene climate was highly 
variable and relatively warmer and the SW monsoon was intense 
between 11 to 8 kyrs time period (Flightmen et al., 2003; Gupta 
et al., 2003. Also Rasid et al. (2011) documented intensified 
Indian monsoon as well as monsoonal precipitation during ~7-6 

Fig. 5. Relative abundances of the dominant species in biofacies Ck-Ba.

ka within the western Bay of 
Bengal. Several earlier studies 
also confirm existence of warmer 
condition since last 8000 years 
and warm phase became stronger 
during 7200 and 6000cal yr BP 
in the Bay of Bengal (An et al., 
2000; Sun and Li, 2011). Also, 
high precipitation in southern 
China and maximum monsoon 
in East Asia occurred during the 
last 3000 years (An et al., 2000).
Similarly, India experienced 
wet phase since 1500-1000 cal 
yr BP due to increase in SW 
monsoon strength (Yadava and 
Ramesh,1999).

Our data supports the 
studied site shows increased 
production of organic carbon 
during intervals of intense 
monsoon. We assume that the 
SW monsoonal wind became 
strong during all these climatic 
warm phases which carried vast 
moisture and precipitated it over 
the Indian subcontinent. Thus, 
intense rainfall carried nutrients 
to the Bay of Bengal which 
ultimately led high productivity. 

On the contrary, a minor 
shift of environment is observed 
during 6070-5007 and 2300-
1896cal yr BP. Both the intervals 
are dominated by biofacies 
Hb-Gp which indicates cold 
to temperate climate with low 
oxygen conditions prevailing 
in the Bay of Bengal. Study of 
Gupta et al. (2003) documented 
cold spells with weaker monsoon 
from 6100 to 5400 and 1700 to 
1900 cal yr BP in the Arabian 
Sea. Also scientists correlated 
disappearance of Indus valley 
civilization (5-4 ka) and 
decreased riverine influx of 
sediments in the Arabian Sea as 
a consequence of strengthening 
of dry phase in the Indian 
monsoon (Staubwasser et al., 
2003).The cold and dry phase 
indicating a weak SW monsoon 

is also documented in the proxy records from the western China 
and northern India during ~ 1600 - 1670 year BP (Jones and 
Bradley, 1992; Jacoby et al., 1996; Sharma and Chauhan, 2001). 
Our data set also documented these two cold phases with slight 
age deviation. It is presumed that the SW monsoon weakened 
and related precipitation decreased during these cold periods. 
Thus the supply of nutrients to the ocean became low as well as 
stagnancy in ocean water column intensified due to less influx 
of fresh water. However, study of Vinayachandran and Mathew 
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Fig. 6. Relative abundances of the dominant species in biofacies Oc-Ou.

(2003) shows event of upwelling in the Bay of Bengal during the 
retreating NE monsoon which may be of another cause for the 
existence of cold and oxygen deficient condition.

CONCLUSIONS
Changes in benthic foraminiferal biofacies indicate climatic 

variations within the relatively stable warm Holocene epoch. 
Dominance of biofacies Be-Up, Ck-Ba and Oc-Ou during 8226-
6248, 4815 to 2462 and 1896 to 1262 cal yr BP respectively 
indicates intervals of intensified SW monsoon during warm 
conditions. Strong and moisture-rich SW monsoonal wind 
contributed huge freshwater and nutrient to the Bay of Bengal 
leading to high productivity. On the other hand, the intervals 

within 6070 to 5007 and 2300 to 1896 cal yr BP are dominated 
by biofacies Hb-Gp which indicate, cold and oxygen deficient 
condition. Thus, it may indicate weakening of the SW monsoon, 
less rainfall as well less contribution of fresh water and nutrient 
to the Bay of Bengal leading to the development of oxygen 
deficient condition.
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Fig. 7. Distribution of clusters with respect to time. Also cumulative sum of all the members of each biofacies (in terms of %) are plotted against clusters. 
Light grey bars indicate intervals of high productive, better aerated SW monsoon dominated environments whereas dark grey bars indicate cold, oxygen 
deficient weak monsoonal periods.
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