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A 2 m-long sediment core from the siliceous ooze domain in the Central Indian Ocean Basin (CIOB;
13◦ 030 S: 74◦ 440 E; water depth 5099 m) is studied for calcium carbonate, total organic carbon, total
nitrogen, biogenic opal, major and few trace elements (Al, Ti, Fe, K, Mg, Zr, Sc,V, Mn, Cu, Ni,
Zn, Co, and Ba) to understand the productivity and intensity of terrigenous supply. The age model
of the sediment core is based on U–Th dating, occurrence of Youngest Toba Tuff of ∼ 74 ka and
Australasian microtektites of ∼ 770 ka.
Low carbonate content (< 1%) of sediment core indicates deposition below the carbonate compensation depth. Organic carbon content is also very low, almost uniform (mean 0.2 wt%) and
is of marine origin. This suggests a well-oxygenated bottom water environment during the past
∼ 1100 ka. Our data suggest that during ∼ 1100 ka and ∼ 400 ka siliceous productivity was lower,
complimented by higher supply of terrigenous material mostly derived from the metasedimentary rocks of High Himalayan crystalline. However, during the last ∼ 400 ka, siliceous productivity
increased with substantial reduction in the terrigenous sediment supply. The results suggest that
intensity of Himalayan weathering, erosion associated with monsoons was comparatively higher
prior to 400 ka. Manganese, Ba, Cu, Ni, Zn, and Co have around 90% of their supply from noncrustal
(excess) source and their burial to seafloor remained unaffected throughout the past ∼ 1100 ka.

1. Introduction
Changes in the chemical composition of source
material, bioturbation and diagenesis are the main
factors controlling the variation in the composition of bulk sediment with time and are related
to climate change (Fenney et al 1998). The sediments and their variation through time therefore, record the erosion and uplift history of that
region (Cochran 1990). Due to the uplift and erosion of Himalayas, an enormous volume of sediment reached the Bengal fan and subsequently

the Central Indian Ocean Basin (CIOB) via the
Ganges and the Bramhaputra river system. The
abundance of this terrigenous material decreased
towards the south (Aoki et al 1973; Nath et al 1989;
Bouquillon et al 1990; Cochran 1990; Debrabant
et al 1993; France-Lanord and Derry 1993; Fagel
et al 1994; Derry and France-Lanord 1996). Studies on the ODP Leg 116 south of Equator (1◦ S;
81◦ 240 E) demonstrated that the sediments during lower Miocene to upper Miocene were derived
mostly from Himalayas, from Upper Miocene to
Middle Pleistocene sediments were derived from
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the Indian subcontinent (Bouquillon et al 1990;
Brass and Raman 1990) whereas, during Middle Pleistocene to Holocene period sediment input
from the Himalayas resumed again.
Based on the chemical and isotopic studies of
clay minerals, France-Lanord and Derry (1993);
Derry and France-Lanord (1996) suggested that
irrespective of clay mineral variations, the sediments were derived only from the Himalayas and
that the change in clay minerals are due to different degrees of weathering. It has been reported
that the northern part of CIOB receives detrital
material derived from the denudation of Himalayas
(Kolla and Biscaye 1973; Nath et al 1989; Debrabant et al 1993; Fagel et al 1994) whereas, the
southern part receives siliceous pelagic input associated with equatorial divergence at 10◦ S (Pattan
et al 1992; Caulet 1992; Banakar et al 1998). In
CIOB, a few short sediment cores covering a time
span of less than 200 ka have been studied earlier
mostly for transition metals (Banakar et al 1991;
Mudholkar et al 1993; Borole 1993a and b) but
a detailed study on productivity proxies, major
and trace element geochemistry for a longer time
span is lacking. In the present study, we have
analysed calcium carbonate, total organic carbon,
total nitrogen, biogenic opal, major and few trace
elements to understand the productivity, and variation in terrigenous material supply to the CIOB
during the last ∼ 1100 ka.
2. Materials and analytical methods
A 2 m-long gravity sediment core (AAS-05/GC-02)
from a siliceous ooze domain of the CIOB (13◦ 030 S:
74◦ 440 E; water depth of 5099 m) collected during
the 5th expedition of A A Sidorenko in 1994 under
a Polymetallic Nodule programme has been studied here (figure 1). The sediment core was subsampled on board at 2-cm interval from core top
up to 150 cm and at 5-cm interval from 150 to
200 cm. During sub-sampling, a dispersed ash layer
was noticed between 30 and 40 cm depth and a
few buried nodules at the core top. The dried and
powdered sediments were subjected to the following investigations.
2.1 Uranium–Thorium dating
About 2 to 3 g of bulk sediment was digested in
a Teflon beaker with HF, HClO4 and HCl in the
presence of 232 U/228 Th spike. Uranium–Thorium
radiochemical separation and purification were carried out following the standard procedure of Krishnaswami and Sarin (1976). The alpha activity of
the electroplated sample was assayed using ion
implanted detector coupled to Octete plus Alpha
spectrometer (EG & G - Ortec).

2.2 Electron microprobe analysis and
scanning electron microscopy
Volcanic glass shards from the coarse fraction
(> 63 µm) were cleaned ultrasonically, mounted in
an epoxy resin, polished to expose the internal
features and analysed for major elements on an
Electron Probe Micro Analyser (Cameca SX-50).
Morphology of glass shards was studied under a
Scanning Electron Microscope (JSM-5800LV).
2.3 Microtektites
From the coarse fraction, > 125 size fraction
was separated and examined for the occurrence
and abundance of microtektite under a binocular
microscope. The Australasian microtektites have
an age of ∼ 770 ka and their abundance in the core
depth reflects a sediment accumulation rate.
2.4 Total organic carbon, total nitrogen
and calcium carbonate
The bulk sediment was decarbonated initially by
treating overnight with 1M HCl followed by 0.1 M
HCl and later by milli-Q water. Organic carbon (Corg ) and total nitrogen (Ntot ) content were
measured with a Carlo Elba NA-2500 elemental
analyser. The instrument was calibrated for carbon
(peak area) and nitrogen (peak height) by using
Acetelinide standard along with a blank. The slope
and intercept of carbon and nitrogen remained
almost constant during daily calibration. Duplicate
analysis of samples showed a precision better than
3%. Total carbon was measured on the bulk sediment following the procedure similar to Corg . From
total carbon, organic carbon was subtracted to get
the inorganic carbon.
2.5 Biogenic opal
Biogenic opal was extracted from the bulk sediment by using 2 M Na2 CO3 at 85◦ C for 5 hours
following the procedure of Mortlock and Froelich
(1989). The reference standard material (OF-I) was
used to check the accuracy of the data and was
found better than ±4%. The precision of the data
based on duplicate analyses was within the acceptable limit.
2.6 Major and trace elements
For the major and trace element analysis, the sediment was treated with an acid mixture of HNO3 ,
HClO4 and HF in a PTFE vial in a microwave.
After digestion the solution was evaporated to near
dryness under an infra-red lamp on a hot plate
in a draft chamber. The residue was brought into
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Figure 1. Location map showing study area (top) and the sediment core location (AAS-05, GC-02) with detailed bathymetry (bottom).

clear solution with 2 M HNO3 and the final volume
was made. These samples were analysed for major
and few trace elements with a Thermos Jarrel Ash
IRIS-AP on inductively coupled plasma–atomic
emission spectrometry. An international reference
standard material (JB-2) supplied by Geological
Survey of Japan (Imai et al 1995) was used to check

the accuracy that was better than ±5% for the elements and precision of the analyses was within the
acceptable limit.
2.7 Elemental excess or noncrustal source
Elemental excess or noncrustal source of elements
were calculated using the following relation
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Elemexcess = Elemtot − (Tisample × Elem/TiGB ).
In the above calculation, we have used Ganges–
Brahmaputra particulate (GB) matter data and
PAAS data is used wherever GB data is not available. Element excess is expressed in % compared
to its bulk concentration.
3. Results and discussion
3.1 Age model
The age model for the sediment core is based on
Uranium–Thorium dating, presence of Youngest
Toba Tuff of ∼ 74 ka and Australasian microtektites event of ∼ 770 ka.
3.1a Uranium–Thorium dating
The radiochemical data are presented in table 1.
The excess 230 Th (230 Th: portion of the 230 Th that
is not supported by the decay of 234 U in the sediments) was calculated by subtracting the 234 U from
the total 230 Th activity. The 230 Thexc is obtained
from the following equation
230

Thexc (dpm/g) =230 Th(dpm/g) −234 U(dpm/g).

The 230 Thexc decay profile is shown in figure 2.
From 0 to 85 cm the core yields a sedimentation
rate of 4.5 ± 0.14 mm/ka (n = 7, r = −0.99 and
p ≤ 0.001) whereas from 85 to 150 cm core depth
yields a sedimentation rate of 2.05 ± 0.09 mm/ka
(n = 6, r = −0.99, and p ≤ 0.001). The error
on the age is derived from the error on the slope
for log-linear plot of depth vs. 230 Th excess for
both the fits. Thus, the uncertainty involved in the
age–depth model is 3.2% for the top 0–85 cm and
Table 1. Results of uranium–thorium isotopes in the sediment core.
Core depth
(cm)
0–2
12–14
28–30
42–46
56–58
70–72
84–86
100–102
114–116
130–132
142–144
148–150

234

230

U
(dpm/g)

Th
(dpm/g)

0.71 ± 0.52
1.26 ± 0.9
1.18 ± 0.10
0.52 ± 0.18
0.52 ± 0.12
0.68 ± 0.06
0.74 ± 0.13
0.74 ± 0.13
0.74 ± 0.13
0.64 ± 0.06
0.54 ± 0.08
0.60 ± 0.08

83.4 ± 3.5
70.7 ± 2.33
50.6 ± 1.82
36.6 ± 1.63
29.2 ± 1.84
22.0 ± 0.81
15.3 ± 0.63
7.97 ± 0.44
4.98 ± 0.23
2.14 ± 0.13
1.98 ± 0.18
1.30 ± 0.03

230

Thexc
(dpm/g)
82.7 ± 3.54
69.42 ± 2.5
49.01 ± 1.82
36.10 ± 1.64
28.66 ± 1.84
21.35 ± 0.81
14.53 ± 0.64
7.21 ± 0.46
4.24 ± 0.26
1.5 ± 0.14
1.44 ± 0.2
0.69 ± 0.08

Figure 2. 230 Thexc concentration as a function of depth in
a sediment core.

4.5% for 85 to 150 cm depth. These sedimentation
rates have been used for calculating the age model
of the sediment core. The sediment accumulation
rates of 4.5 mm/ka and 2.03 mm/ka are within the
range as previously reported (Banakar et al 1991;
Borole 1993b).
3.1b Ash layer
Coarse fraction (> 63 µm) of the sediment core
contains dispersed glass shards at the core top.
They become abundant between 30 and 40 cm
depth and reach a maximum concentration at 36
and 38 cm. Glass shards appear to be fresh with
different sizes, shapes and luster. They are colourless, isotropic and exhibit no signs of alteration. A
majority of glass shards are bubble wall junction
type (flat/cuspate). Pumice shards have cellular
and elongated parallel vesicles. The bubble wall
morphology and absence of any blocky or pyramidal morphology suggests a magmatic type of origin.
The glass shards have high silica (77 wt%) and total
alkali content (6.6 wt%) suggest a rhyolitic composition. They contain low FeO (0.86 wt%), CaO
(0.79 wt%), TiO2 (0.055 wt%). MgO (0.044 wt%)
and MnO (0.09 wt%) (table 2). In general, the
chemical composition of glass is similar to the
Youngest Toba Tuff from Toba caldera of northern
Sumatra (∼ 74 ka) and as reported earlier from the
CIOB ( Pattan et al 1999 and references therein).
The lower Na2 O values in these glasses may be due
to volatilization under the electron beam, which
correspondingly results in higher SiO2 (Shane et al
1995). The maximum abundance of glass shards at
36 and 38 cm depth in the sediment core suggests
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Table 2. Electron microprobe data of glass shards from a sediment core in the Central Indian Ocean Basin.
Oxides
SiO2
Al2 O3
TiO2
FeO
MnO
MgO
CaO
Na2 O
K2 O
Cr2 O3
H2 O
N

1
78.70
12.38
0.055
0.86
0.09
0.044
0.79
2.07
4.61
0.038
3.83
5

(0.29)
(0.25)
(0.02)
(0.05)
(0.05)
(0.07)
(0.06)
(0.29)
(0.07)
(0.02)
(0.85)

2
76.81 (0.22)
12.77 (0.12)
0.07 (0.04)
0.92 (0.07)
0.06 (0.04)
0.05 (0.03)
0.79 (0.07)
3.41 (0.13)
5.08 (0.16)
NA
5.23 (0.16)
91

3
77.58 (0.23)
12.60 (0.13)
0.06 (0.04)
0.90 (0.05)
0.06 (0.03)
0.05 (0.02)
0.77 (0.07)
3.24 (0.13)
4.96 (0.14)
NA
1.99 (0.83)
275

67

3.2 Biological productivity
Among the numerous biological productivity proxies (Ruhlemann et al 1999 and references therein),
we have used calcium carbonate, organic carbon,
total nitrogen and biogenic opal in the present
study to trace the biological productivity fluctuations during the past ∼ 1100 ka.
3.2a Calcium carbonate

Calcium carbonate content of sediment is mainly
controlled by the surface water biological productivity, rate of dissolution during its journey through
the water column as well as on the seafloor and
dilution by the noncarbonate and terrigenous matter. The sediment core under investigation was
Recalculated on water free basis. NA = not analysed. (1) =
present study. (2) = Pattan et al 1999. (3) = Westgate et al recovered at a water depth of 5099 m depth, which
is well below the carbonate compensation depth
1998.
(CCD) exhibiting its low carbonate content. Carbonate content has been high (9 wt%) during the
a sediment accumulation rate of 4.8 mm/ka which last 50 ka and substantially low (< 1%) between
compliments the sediment accumulation rate of 50 ka and 1100 ka (figure 3). The high carbonate
4.5 mm/ka obtained by U–Th technique for the top content in the last 50 ka could be due to incom0–85 cm of the core.
plete dissolution of foraminiferal tests as indicated
by the presence of a few corroded tests in the coarse
3.1c Microtektites
fraction. Sediment trap deployed under Environmental Impact Assessment program in the CIOB
The Australasian tektite strewn field is the (10◦ S: 76◦ E) at a water depth of 5330 m, and 7 m
youngest of the four known fields, its ejecta being above the seafloor show 52% calcium carbonate
distributed over 50 million km2 that encompasses (Parthiban 2000) whereas surface sediments have
most of the Indian Ocean. The present sediment around 9% carbonate content. This indicates that
core is well within the geographic limits of the Aus- nearly 85% of carbonate dissolution takes place at
tralasian tektite strewn field. This strewn field has the sediment–water interface.
an age of ∼ 770 ka (Kunz et al 1995) and microtektites belonging to this field have been found at
3.2b Total organic carbon, total nitrogen
over 50 locations (Glass and Wu 1993; Prasad and
and C/N ratio
Khedekar 2003). Microtektites belonging to the
Australasian tektite strewn field were searched in The factors governing the organic carbon variation
this core in the size fraction of > 125 µm. The are surface water productivity, bottom water oxyhighest peak of microtektite abundance was found gen content, degradation, sedimentation rate and
at 170 cm depth in the core (Shyam Prasad 2004, bioturbation (Fenney et al 1998). The total organic
unpublished data) which corresponds to an age carbon content in the present core varies from 0.1
of ∼ 770 ka and provides a sedimentation rate of to 0.6 wt% (figure 3) with an average of 0.2 wt%.
∼ 0.8 mm/ka between 150 cm and 170 cm depth This is similar to that of surface sediments earof the core.
lier estimated from the same basin (Gupta and
To summarize, the age model obtained by var- Jauhari 1994), as well as that of the global averious methods as above (3.1a–c) suggests that the age of deep-sea sediments (0.2 wt%) (Degens and
core top 0 to 85 cm have a sedimentation rate of Mopper 1976). The low organic carbon content in
4.5 mm/ka, which corresponds to 189 ka. The 85 this area can be attributed to low sediment accuto 150 cm interval with a sedimentation rate of mulation rates, which allow more remineralization
2.05 mm/ka covers 320 ka. The highest abundance at the sediment–water interface. The higher water
of Australasian tektite at 170 cm depth suggests a depth (5099 m) at the core site may also facilsediment accumulation rate of 0.8 mm/ka and an itate extensive remineralization of organic matage between 150 and 200 cm depth covers 649 ka. ter during settling through water column hence,
Based on these sediment accumulation rates, the resulting in a low organic carbon content. Sedi2 m-long core bottom may correspond to an age of ment trap deployed in the CIOB showed nearly
12% of organic carbon (Parthiban 2000), whereas
∼ 1160 ka.
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Figure 3. Distribution of calcium carbonate (wt%), total organic carbon (wt%), total nitrogen (wt%) and C/N ratio in a
sediment core.

Figure 4. Distribution of biogenic opal (wt%) and Al/Ti ratio in a sediment core. Horizontal arrow indicates Ganges
particulate matter Al/Ti ratio.

the average organic carbon content is ∼ 0.2 wt%
indicating that nearly 60% of organic carbon is
degraded at the sediment–water interface. The low

organic carbon content in the basin indicates a
well-oxidised environment. Such a situation may
have been possible due to the influx of Antarctic
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Figure 5. Distribution of Al (wt%), Fe (wt%), Ti (wt%), K (wt%), Mg (wt%), Zr (ppm) and Sc (ppm) in a sediment core.

Bottom Water (AABW) into the basin through
the saddle at around 5◦ S along the Ninety east
Ridge (Warren 1982). The AABW, enriched in the
dissolved oxygen helps the organic carbon to get
oxidized.
The total nitrogen content is very low
(< 0.05 wt%), almost constant and follows the
total organic carbon distribution pattern (figure 3).
The carbon/nitrogen (C/N) ratio in the marine
sediments is used to trace the source of organic
carbon. For instance, the reported C/N ratio of
phytoplankton and zooplankton is ∼ 6, for freshly
deposited organic matter, this ratio is ∼ 10, while
terrigenously derived organic matter has this ratio
ranging from 20–200 (Meyers 1994; 1997). In the
studied sediment core, the C/N ratio is ∼ 4 suggesting its marine origin in the past ∼ 1100 ka (figure 3). This low C/N ratio could be due to higher
inorganic nitrogen (fixed as ammonium ions in the
interlayer of clay minerals) and/or better preservation of organic nitrogen compounds by adsorption onto clay minerals (Stevensin and Chen 1972,

Muller 1977; Maeda et al 2002). Interestingly, in
the ODP Leg 116 near the equator (1◦ S), the
organic carbon was found to be of continental
origin (France-Lanord and Derry 1997), whereas
in sediment core at 13◦ S the organic carbon is
of marine origin. This suggests that terrigenously
derived organic carbon has been remineralized
within the equatorial zone. Very low and uniform organic carbon content of the sediment core
studied here does not allow this to be used as a
productivity proxy.
3.2c Biogenic opal
Biogenic opal content in the marine sediments has
been widely employed as one of the potential paleoproductivity proxy (Charles et al 1991). Radiolarians are the prime producers of biogenic opal in
the CIOB (Pattan et al 1992; Gupta and Jauhari
1994). Biogenic opal in the studied core varies considerably between 21 and 36 wt%. From ∼ 400 ka
to Present, the content ranges from 25 to 36 wt%
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Figure 6. Scatter plot of biogenic opal and Ti content showing inverse relation (top) and Ba and Mn showing a positive
correlation (bottom).

with an average of 32 wt% (figure 4). However,
from ∼ 400 ka to ∼ 1100 ka, biogenic opal content
is comparatively low ranging from 21 to 31 wt%
with an average of 26 wt%. This suggests that
siliceous productivity was higher (nearly 20%) during ∼ 400 ka to Present compared to the period
between ∼ 400 ka and ∼ 1100 ka. This probably
suggests the availability of more nutrients resulting in enhanced siliceous productivity. A close
look at the biogenic opal distribution during the
last ∼ 400 ka shows a concave pattern between 0
and 100 ka, reaching maximum at 50 ka. Further,
the pattern shows increasing trend again between
∼ 100 ka and 500 ka (figure 4).
The biogenic opal is the prime carrier of Al
excess as shown by the sediment trap samples in
the central equatorial Pacific (Dymond et al 1997)
and the surface sediments of the CIOB (Banakar
et al 1998) suggesting scavenging of dissolved Al by
the biogenic components. Other than biogenic opal,
Al excess or Al/Ti ratio could also be contributed
by the glass shards of rhyolitic composition (Pattan
and Shane 1999) and authigenic clays (Timothy
and Calvert 1998). Al/Ti ratio of the sediment
varies from 15 to 22 and is highest during the
last ∼ 100 ka (20–22). This ratio remains almost
constant (15) between ∼ 150 ka and 1100 ka, similar to the Ganges–Brahmaputra particulate matter

(figure 4). Though the biogenic opal content is
higher during 150 to 400 ka, the corresponding
Al/Ti ratio remains as low as that of the Ganges–
Brahmaputra matter (15). Whether scavenging
by the radiolarians was insufficient or there was
an inherent shortage of dissolved aluminum in
the water column needs confirmation by further
studies.
3.3 Terrigenous supply

Strontium and Neodium isotopic studies of sediments from ODP Leg 116 near the equator (1◦ S)
in CIOB suggest that sediments were mostly
derived from the metasedimentary rocks of High
Himalayan Crystalline (HHC) and a small portion from Lesser Himalayas (LH) and Tibetan
Sedimentary Series (TSS) (Bouquillon et al 1990;
Derry and France-Lanord 1996, 1997). Despite
changes in sedimentation rate, tectonics and climate, the source of sediment remained unchanged
since ∼ 17 Ma (France-Lanord et al 1993). The sediment core under study is located about 1200 km
south of ODP Leg 116. The sediments received
from the Himalayas near the equator should reach
further south in the CIOB by the turbidity currents (Kolla and Biscaye 1973). This is supported
from surface sediment geochemistry, flat REE pattern (Nath et al 1989; 1992), presence of detrital alumino-silicates in the buried manganese nodules as far as 14◦ S (Pattan and Banakar 1993)
and occurrence of detrital silicate material in a
ferromanganese crust (Banakar et al 2003). Further, the Wood’s triangular diagram of Th, Ta
and Hf/3 where all the sediments lie in the field
derived from orogenic magma (Pattan, unpublished data), suggests that the detrital material
in the CIOB is mainly derived from the Higher
Himalayas.
To trace the intensity of Himalayan derived terrigenous material reaching the CIOB, the elements
representing detrital origin such as Al, Fe, Ti, K,
Mg, Zr and Sc in the sediment core under study
were plotted against the age (figure 5). These detrital elements show a strong positive correlation
among themselves (r2 =∼ 0.8) suggesting a common source of derivation. The distribution pattern
of all these detrital elements suggest that terrigenous input was low during ∼ 400 ka to Present
(average: Al – 4.34%, Fe – 2.73% , Ti – 0.25%, Zr
– 83 ppm and Sc – 18 ppm) and it increased during ∼ 400 ka and ∼ 1100 ka (average: Al – 5.4%,
Fe – 4.7%, Ti – 0.35%, Zr – 103 ppm and Sc –
25 ppm). This indicates that there was nearly 20 to
50% increase of detrital input probably due to the
intensification of weathering, erosion of Himalayas
and rains which brought the detrital material to
the CIOB during ∼ 400 ka to ∼ 1100 ka compared
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Distribution of bulk Mn, Ba, Cu, Ni, V and Co content in a sediment core.

to the last ∼ 400 ka. This finding is further supported by the increased silicate detritus derived
from the Himalayas during ∼ 700 ka to ∼ 2200 ka
recorded in Fe–Mn crusts from the same basin
(Banakar et al 2003). High Himalayan detrital
impulse at ∼ 500 ka is also reported in a sediment core near the equator (Nath et al 2004, in
press). Though terrigenous input was low during
the last 400 ka, within that period it was lowest
from 100 ka to Present which is associated with
high biogenic opal. The scatter plot of biogenic opal
and Ti (indicative of terrigenous input) shows an
inverse relation (r = 0.69) suggesting mutual dilution (figure 6). It appears that terrigenous contribution characterized the period between ∼ 1100 ka
and ∼ 400 ka, the later age (400 ka–Present) was
marked by increased biogenic contribution. The
high and low content of K and Mg at ∼ 74 ka is
attributed to the presence of Youngest Toba ash,
and their distribution pattern almost follows other
detrital elements.

3.4 Noncrustal elements

Manganese is a redox sensitive element whose concentration is generally high in oxic and low in
suboxic or anoxic environments. In the studied
sediment core, Mn concentration reached a minimum of 0.3% at ∼ 50 ka, suggesting a suboxic or
anoxic environment (figure 7). Elements like Cu,
Ni, V and Co behave similar to Mn. The distribution pattern of Mn, Ba, Cu, Ni, V and Co
remains almost uniform from 150 ka to 1100 ka (figure 7). Manganese, Ba , Ni, Cu, Zn and Co have
their excess or noncrustal supply of around 90% of
their bulk composition and remained almost uniform during the past ∼ 1100 ka (figure 8). This suggests that supply of elemental excess to the seafloor
is independent of biogenic or terrigenous input
into basin. Ba excess has been used as a paleoproductivity proxy and behaves similar to biogenic
opal content (Pattan et al 2003 and references
therein). In the present sediment core, Ba excess
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Figure 8.

Distribution of elemental excess (Mn, Ba, Ni, Cu, Zn and Co%) in a sediment core.

and biogenic opal do not have any correlation but
Ba shows a strong positive correlation with Mn
(r = 0.67) suggesting removal of Ba through the
Mn-oxide phase (figure 9; Banakar et al 1998). The
Mn oxide phase in the sediment might be in the
form of oxide coatings on biogenic components or
manganese micronodules. A large number of manganese micronodule abundance is observed in the
coarse fraction in these sediments. The observed
positive correlation between Ba and Mn could be
due to stabilization of todorokite mineral structure
in manganese micronodules as a charge balancing
cation. Therefore, Ba in the CIOB sediment may
not necessarily act as a paleoproductivity proxy
always.
4. Conclusions

Based on the records of biological productivity
indicators, distribution of terrigenous components
and noncrustal/elemental excess in a sediment core
from the CIOB during the past ∼ 1100 ka, the following conclusions may be drawn.
• In general, the CIOB experienced a fairly well
oxidising environment during the past ∼ 1100 ka.

• Siliceous productivity was higher during the last
∼ 400 ka, whereas detrital material derived from
the Himalayas contributed to the bulk of sedimentation during ∼ 400 ka to ∼ 1100 ka.
• The burial of Mn, Ba, Cu, Ni, Co and Zn excess
to the seafloor remained unaffected during the
past ∼ 1100 ka in spite of variation in siliceous
productivity and terrigenous supply.
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