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Abstract: An ash layer occurs between 10-35 cm depth in sediment cores from the Central Indian Ocean basin.
Morphology, major, trace and rare earth element composition of glass shards from the ash layer suggest that the Youngest
Toba Tuff of ~74 ka from Northern Sumatra may be its source. To understand the implication of ash on the elemental
distribution, a sediment core (NR-54) where abundant Youngest Toba glass shards occur at 30-35 cm depth interval.
was studied. The presence of ash layer resulted in the enrichment of coarse fraction (260%), Alexcess (104%), K (43%)
and Al/Al + Fe+Mn (28%) and depletion of Mg (58%). Fe (55%) . Mn (50%) . Ti (44%) and biogenic opal (37%).
compared to their average concentrations in the core. Therefore, precaution should be taken while studying the parameters
indicative of productivity (biogenic opal, coarse fraction and Alexcess ). detrital terrigenous influx (Al/Al + Fe+Mn. Ti, K 
and Mg) and redox sensitive metal (Mn). whose concentration is affected by the presence of glass shards from the ash
layer in the sediment cores from Bay of Bengal. Central Indian Ocean basin. South China Sea basin and Western
continental margin of India where the widespread Youngest Toba ash is reported.
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INTRODUCTION

Marine ash layers provide information about cyclicity

of volcanism. volcanic production rate and volume, eruption

duration, geochemical character of the source and temporal

relation between paleoclimate and volcanic history (Kennet

1981; Fisher and Schmincke, 1984). Volcanic ash in marine

sediments is derived either from continent through wind or

river runoff and in vitu submar ine volcunism. Ash layers of

a few centimetre thickness of Youngest Toba Tuff (YTT) of

~74 ka origin are reported from Bay of Bengal (Ninkovich

et.al. 1978; Rose and Chesner 1987; Dehn et al. 1991:

Westgate et al. 1998). Central Indian Ocean basin (Pattan

et al, 1999). South China Sea basin (Song et al, 2000) ,

Arabian Sea (Schulz et al. 1998) and Western continental

margin of India (Pattan et al. 2001) . Recently. Pattan and

Shane (1999) showed that glass shard from the ash layer

is mainly r e s p o n s i b l e for the e l e v a t e d Al/Ti ra t io in

the bulk sediment. In the present study, the behaviour of

element concentration in a sediment core where ash layer

was present is relooked into and its possible implicat ions

are discussed. For this study, a sediment core (NR-54)

from latitude 7oS and longitude 78o 15' E at a water depth

of 5200 m from Central Indian Ocean basin (CIOB) where

ash layer occurs at 30-35 cm depth interval is used.

RESULTS

Analysis of glass shards from tephra deposits by electron

microprobe for their major element composi t ion is widely

accepted and has been used to identify and dis t inguish the

ash beds in sedimentary formations (Westgate and Gor ton ,

1981). The composi t ion of glass shards from C I O B has

high S i O 2 (77%) and total alkali (8 .5%) with low C a O

(0 .78%) , F e O (0 .95%) . TiO2, (0 .06%) , M g O (0.04%.) and

M n O (0 .08%) contents suggest ing rhyoli t ie composi t ion

(Table 1). Bubble wall morphology of these glass shards

indicates magmatic origin (Pattan et al. 1999). The chemical

c o m p o s i t i o n a n d m o r p h o l o g y o f g l a s s s h a r d s a r e

ind is t ingu ishab le from that of Y T T from the Nor the rn

S u m a t r a ( N i n k o v i c h e t al. 1978; R o s e and C h e s n e r .

1987: Dehn et a l . 1991 ; Shane et al. 1995; Westgate et al.

1998).

The presence of ash layer at 30-35 cm depth in a sediment

core (NR-54) from C I O B resulted in the en r i chment of

coarse fraction. Alexcess , K, A l /A l+Fe+Mn and detrital silica

and decrease of b iogenic silica, Ti, Fe. Mn, Cu and Ni

contents .

DISCUSSION

Coarse fraction (>63 µ m) in the marine sediments is
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Core depth (cm) Core depth (cm)

Fig.1. Distribution of (a) coarse traction (wt%), (b) detrital silica (wt%), (c) Biogenic silica (wt%), (d) A l e x c e s s (wt%). (e) Fe (wt%),
(f) AI/Al+Fe+Mn. (g) K (wt%). (1,) Mg (wt%), (i) Ti(wt%). (j) Mn (wt%), (k) Cu (ppm) and (I) Ni (ppm) in a sediment
core (NR-54) from Centra Indian Ocean basin. Ash layer is present at 30-35 cm depth.
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*Pattan et al. ( 1999). * Westgate et al (1998) Number in the bracket is

the standard deviation. N is number of individual shards analysed

used to study productivity variation. Coarse fraction is

mostly composed of radiolarians, small quantity of glass

shards and manganese micronodules. Coarse fraction varies

in general from 0.1 to 1.5% except at 30-35 cm depth, where

it reaches to 4% and shows 260% increase compared to its

average content in the core (Fig.1). This could be due to

the presence of abundant glass shards with high specific

gravity (2.45 gm/cm3). Further increase in coarse fraction

due to the presence of glass shards depends upon the distance

from the volcanic source. It is well known that as the distance

from the volcanic source increases the size and decreases

the abundance of glass shards. Alexcess (structurally

unsupported) or Al/Ti ratio in the marine sediments has been

used as a possible indicator of productivity ( Murray et al . 

1993; Dymond et al. 1997. Banakar et al. 1998; Pattan

and Shane 1999). Average Alexcess is 2.16% of the bulk

Al concentration in a sediment core except at 30-35 cm

depth interval, where it reaches to maximum of 4.4%

(fig.1) which is more than 104% compared to its average.

This could be due to high Al and low Ti content of the glass

shards. Therefore the elevated coarse fraction and Alexcess

or Al/Ti ratio in the sediment core is due to presence of

glass shards and not related to productivity variation.

Terrigenous index factor (AI/AI+Fe+Mn) was used in

the past to trace the delrital terrigenous influence. and this

ratio decreases as the distance increases from the continent

(Bostrom et al. 1973). Nath et al. (1989) and Mudholkar et

al.( 1993) used this ratio and suggested terrigenous influence

upto 8o and 14oS based on surface and subsurface sediments

of the CIOB. respectively. This ratio is around 0.6

throughout the core depth except at 30-35 cm depth where

it reaches to a maximum of 0.77 (Fig. 1). suggesting 28%

increase. This is due to high Al and low He and Mn content

in the glass shards (Table 1). The detrital sil ica content

was obtained by subtract ing the b iogenic silica from the

bulk silica (Pattan et al. 1992; M u d h o l k a r et al. 1993).

Potassium and detrital silica contents are enriched by 4 3 %

and 35% at 30 -35 cm dep th in the co re , r e spec t i ve ly

(Fig. 1). This is again due to high content of K and Si in the

glass shards (Table 1).

B i o g e n i c s i l ica in the s e d i m e n t s u g g e s t s s i l i c eous

productivity. B iogen ic si l ica in the sediment core is almost

uniform (~19%) except at 30-35 cm depth, where it reaches

to a m i n i m u m ( 1 2 % ) and is deple ted by 37% (Fig. 1). The

glass shards with very high detrital silica may dilute the

biogenic silica. Therefore , lowest b iogenic silca in the

s e d i m e n t co re canno t be in t e rp re t ed as low s i l i c eous

productivity. Ti tanium, He and Mg are mostly associated

with detrital componen t in the mar ine sediments . These

elements are depleted by 4 4 % . 55% and 58% respectively

compared to their average content . This is mainly due to

their very low concentra t ion in the glass shards ( T a b l e 1 ) .

Manganese is a redox- sensi t ive metal whose concentrat ion

depends upon ox id iz ing / reduc ing env i ronmen t . Earlier.

reducing env i ronment was traced at in termedia te depth in a 

number of sediment cores of C I O B (Banakar et al. 1991;

Mudho lka r et al. 1993). In the present core , the ash layer as

well as reducing zone overlap each other. C la s s shards

wi th very low Mn c o n t e n t may resul t in d e p l e t i o n of

Mn content of the bulk sediment ( F i g . 1 : Table1) and this

s h o u l d not be i n t e r p r e t e d a s i n d i c a t i v e o f r e d u c i n g

environment . Similar to Mn, Cu and Ni contents are also

reduced, where ash layer is present (Fig. 1).

Recently, Y T T is traced in South China Sea basin (Song

et al. 2000) and a long the Western con t inen ta l margin

of India (Pat tan et al. 2 0 0 1 ) , in add i t ion to the ear l ier

occurrence from Bay of Bengal (Ninkovich et al. 1978 Rose

and Chesne r 1987; Dehn et al. 1991; Wes tga te et al. 1998)

and C I O B (Pattan et al. 1999). Y T T occurs at ~300 cm

depth in a sed iment core from the Wes te rn cont inen ta l

margin of India (latitude 9 o 2 1 ' N : longitude 71o59 ' E at water

depth of 2 3 0 0 m; Pattan et al. 2001) and similarly here also.

most of the metal concentrat ion are effected by the presence

of glass shards. Therefore , it appears that volcanic glass

acts as a dilutant to a number of geochemica l proxies used

to interpret palaeocl imate and palaeoproduct ivi tv . Hence.

before s tudying bulk g e o c h e m i s t r y of s e d i m e n t s , i t is

necessary to look into sedimentalogical aspects, as otherwise

it may lead to mis interpreta t ions .
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Table 1. Average chemical composition of glass shards (n=10) analysed
by election microprobe

Oxides

SiO2,

AI2O3

TiO2

FeO

MnO

MgO

CaO

Na2O

K2O

Cl

N2O

N

NR-54 (30-35cm)*

76.94

12.74

0.06

0.95
0.08

0.04

0.78

3.46

4.98

0.14

5.52

(0.28)

(0.15)

(0.05)

(0.05)

(0.04)

(0.02)

(0.08)

(0.10)

(0.12)

(0.01)

(0.85)

10

YTT**

77.58

12.60

0.06

0.90

0.06

0.05

0.77

3.24

4.96

0.14

1.99

(0.23)

(0.13)

(0.04)

(0.05)

(0.03)

(0.02)

(0.07)

(0.13)

(0.14)

(0.03)

(0.83)
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