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Extensive occurrence of fallout tephra in the Quater-
nary sediments of Arabian Sea is observed in the
gravity cores collected from western slope of Lak-
shadweep Ridge between water depths of 2505 and
3481 m. The Western Lakshadweep Tephra (WLT)
layer is associated with olive grey to dark grey, pelagic
to hemi-pelagic clay and bioclasts, and occurs between
depths of 95 and 156 cm below seafloor. The tephra
layers are admixed with clayey sediments and are
relatively hard, compact and partly dehydrated with
lesser amount of biogenic material.

The glass shards associated with the sediments are
fresh, colourless and transparent with abundant pale-
brown pyroclastic aggregates. The glass shards are
mainly bubble wall type, with some having forms like
cuspate, curved platy, multi-junctional and pipe vesi-
cles. The high silica, alumina and K,O0 and low FeO
and MgO indicate rhyolitic composition of glass
shards. In the Or—Ab—An plot the samples fall in the
rhyolite field. Major element chemistry and morpho-
logy of WLT suggest Youngest Toba Ash as their
source. This tephra-bearing zone may be used as a
marker horizon for stratigraphic correlation and cal-
culating the rate of sedimentation.
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VOLCANIC ash is an extraordinarily complex material,
which typically consists of a mixture of crystals of sev-
eral minerals, shards and frothy network of silicic glass,
lithic fragments and wide variety of non-silicate particles
derived from eruptive volatiles'. Large volume of ash
vents into the atmosphere when the rising magma mixes
with water at or near the surface to produce ash deposits
in sporadic and energetic steam blasts®.

The intensity of explosion varies depending upon the
magma composition and volatile content. During an
explosive eruption, the larger particles thrown into the
atmosphere settle in the immediate vicinity of the vent.
But the very fine-grained ash particles (<2 mm) with
residence times of 10" days in the atmosphere get trans-
ported to thousands of kilometres away from the source
before deposition. During atmospheric transportation, the
ash particles get differentiated based on their size. Pre-
serva-
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tion of this volcanic ash on land is generally rare owing
to anthropogenic activities. On the other hand, in the
open sea where the rate of sedimentation is very low, the
ash particles settle through the water column and get pre-
served as thin layers within pelagic sediments.

While delineating the boundary of Toba tuff distribu-
tion in the western Bay of Bengal, Ninkovich et al’,
Rose and Chesner” have extended the western limit of the
fallout zone up to northeastern part of the Indian Ocean
south of Indian Peninsula. Korisettar er al.” have reported
the occurrence of tephra bed in the Quaternary sediments
of Maharashtra, Peninsular India. Acharyya er al.° have
correlated the ash layer marker in the Late Pleistocene
sediments within the Indian subcontinent with those of
Toba tephra layers reported in the deep sea cores of In-
dian Ocean and Bay of Bengal. The rare earth element
(REE) signature of fallout tephra in the Quaternary sedi-
ments of the Arabian Sea was compared by Nambiar et
al.” with that of Toba tephra. Biihring ez al.® studied the
dispersal of ashes from Sumatra in both western and east-
ern directions and suggested that the Toba eruption
probably happened during the Southeast Asian summer
monsoon season and the volume of erupted magma was
larger than previously interpreted. Pattan et al’® studied
the tephra layer from the western continental margin of
India and concluded that the glass shards have high SiO,
(77%) and total alkalis (8.5%), indicating rhyolitic com-
position. Based on the major, trace and REE composition
of these glass shards, it was suggested” that the tephra
layer from the western continental margin of India is in-
distinguishable from that of Youngest Toba ash of ~74 ka
from the Northern Sumatra. Pattan er al'’ studied the
major, trace and REE composition and morphology of the
shards of Central Indian Ocean Basin and observed that
Youngest Toba Tuff (YTT) of ~74 ka of Northern Suma-
tra as the source for the ash. The source, transport and
deposition of distal ash-fall layers in the Arabian Sea,
from violent ultra-Plinian eruptions of the Indonesian
volcanic archipelago, were discussed by Von Rad Ulrich
et al.''. This study suggests the use of YT ash (70 + 4 ka
BP) found in the Arabian Sea and Bay of Bengal sedi-
ments, in the palaco-climatic correlation.

The area is blanketed by pelagic to hemi-pelagic silty
clay sediments with abundant foraminiferal and radiolar-
ian tests of recent origin. The sediment column in general
consists of yellowish brown to brown (10YR 5/3-6/3),
laminated clay at the top (40-70 cm) followed by olive
grey to dark grey (5Y6/2-4/1) laminated compact clay.
The tephra layers are admixed with silty clay and bio-
genic debris and are relatively hard, compact and partly
dehydrated with lesser amount of biogenic material. The
tephra layers are picked up at depths ranging from 95 to
156 cm below the seafloor with a peak of abundance in
between and the thickness of the overlying sediments
decreases further towards the abyssal plain. The tephra
zones are identified by the presence of glass shards and
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pyroclastic non-crystalline aggregates. The glass shards
become dominant in the peak zones (Figures 1 and 2).

Seven gravity cores (Ge-1, 2, 3,4, 5, 6 and 7) collected
from the western slope of Lakshadweep Ridge during the
cruise of the Geological Survey of India Research Vessel
Samudra Manthan, at water depths ranging from 2505 to
3481 m were studied to identify the tephra zone (Figure
3). About 15-20 g of sub-samples were taken along the
entire length of the core for preliminary scanning and
identification of the tephra layers.

The samples after dispersion with ammonia solution
were sieved using 270 ASTM mesh (0.053 mm size) to
separate the coarse fraction. The coarse fraction was then
treated with dilute HCI1 to remove shell carbonates and
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Figure 2. Core lithlog and distribution of tephra along transect
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washed repeatedly. The dried samples were studied under
binocular microscope. After identifying the tephra zones
in the cores, the process was repeated with more quantity
of tephra-bearing samples. The coarse fractions contain-
ing glass shards and other non-carbonate debris were fur-
ther purified using Isodynamic separator at 1 Amp with
25° forward slope and 15° tilt. The tailings were enriched
with glass shards, however the pale brown non-carbonate
lapilli sized aggregates associated with glass shards could
not be eliminated completely. Although a few glass
shards are sporadically present at some other levels in the
core, the enriched zones only are recognized as signifi-
cant tephra layer. Cores Ge-1 and 4 do not contain any
prominent tephra layer. The separated shards are analysed
by AAS (Varian SpectrAA-30) at the Chemical Labora-
tory of GSI, Mangalore. Morphological characters of
glass shards were studied with the help of SEM pho-
tographs taken at Palacontological Division, Southern
Region, GSI, Hyderabad.

The glass shards separated are fresh, isotropic, colour-
less and transparent with lots of pale brown lapilli sized
non-carbonate aggregates. The glass shards are very fine
grained, elongated, and size varies from 50 to 118 um
(Figure 4). The non-carbonate biogenic components
include radiolarian tests and sponge spicules. Mineral
fragments associated with tephra are chiefly fresh angular
transparent quartz grains, and sporadic crystals of micro-
cline, plagioclase, biotite, hornblende, rutile and some
opaques. Presence of a zircon grain is observed in one
sample.

The glass shards are mainly of bubble wall type with
subordinate amount of forms like cuspate, curved platy,
platy, triradiate, multijunctional and pipe vesicles. Long

I l |

@ T [y
bamssusdomund
\ ARARIAK SE&
— " ¢
x M. Hi
£y Ism-1u4? oo
K um;‘uu
i
~
-4 *
-2 ac
L
et -]

i

SRILANKA

e
d

ac

"
5]

3

s 10

INDEX
& Gravity core without tephra pone
© Gravity core whh tephra Zone

70%oo’

escom Bolhymetric contour
S

7@1:0' 71‘[4»'

Figure 3. Sample location map.
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Figure 4.

a, Broken bubble wall showing the size of a vesicle remnant; b, Coalescence of bubbles results in multi-junctional forms; ¢, Sub-

parallel pipe vesicles; d, Discontinuous parallel pipe vesicles; e, Curved platy shard with sub-parallel pipe vesicles.

and sub-parallel pipe vesicles are noticed in many shards.
The shards have walls of moderate thickness (5-7 um)
with sharp edges. The sharp edges are indicative of scant
reworking. Figure 4 shows the SEM photographs of
forms like triradiate and pipe vesicles. The low radii of
curvature of the shard fragments are indicative of the
smaller size of the bubbles. Figure 4 a shows the actual
dimension of a partially broken vesicle remnant. Coale-
scence of two or more bubbles has resulted in multijunc-
tional bubble morphology (Figure 4 b5). The parallel to
sub-parallel arrangement of pipe vesicles is clearly
brought out in Figure 4 ¢ and d and may be indicative of
highly viscous parent magma. Figure 4 ¢ shows the mag-
nified SEM photograph of parallel pipe vesicles. The
fineness and prominent curved platy nature of glass
shards and ratio of abundance of glass shards against the
pyroclastic aggregates point out that the tephra are possi-
bly products of later phases of eruption.

Chemical composition of the glass shards is given in
Table 1. The high silica, alumina and K,O contents along
with low Fe,O; and MgO show their compositional
proximity to rhyolite and rhyodacite and also the acidic
nature of the parent volcanism. The tephra has 35.92—
36.15% normative quartz, 22.16-22.46% orthoclase,
23.19-23.95% albite, 4.96-5.21% anorthite and 3.26—
4.68% hypersthene (Table 2). In Or—Ab-An plot, the
samples fall in the rhyolite field (Figure 5). The plot for
GC-3 falls in the rhyolite field whereas GC-5 and M2 fall
almost along the boundary between the rhyolite and
rhyodacite field. M1 and M3 fall nearer to the line sepa-
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rating alkali rhyolite and rhyodacite. The shift towards
rhyodacite field for GC-3, 5 and M2 may be due to
the changes in chemical composition brought about by
marginal post-depositional alteration.

For understanding the post-depositional changes if any
in the chemical composition of the glass shards due to the
interaction with seawater, their Alteration Index (Al) was
calculated using the formula suggested by Vivallo'%

K,O +MgO
Na,O + K,0 + Mgo + CaO

Al= x 100.

An Al of 50 indicates lack of any alteration. Hence unal-
tered composition of the parent rock is arrived by draw-
ing a parallel to the y-axis starting from the x-axis at Al
50 and taking the value of intersection with the regression
line for individual elements.

The Al of all the four samples fall within a range of
50-53 indicating only a marginal change in the chemical
composition. The computed original composition of the
tephra glass using Al vs major element plot is given in
Table 1. The comparison of the calculated original com-
position of the glass shards with that of the WLT indi-
cates the enrichment in FeO and MgO and the depletion
in Si0,, Ca0, K,0, Na,O and MnO in the latter. The con-
tent of Al,O; almost remained unchanged. The calculated
composition of the tephra glass almost corresponds to
that of M1 with an Al of 50. The changes in the chemical
composition of the shards can be attributed to the post-
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depositional alteration due to the interaction with sea-
water.

The active volcanic regions nearest to the present area
are the Indonesian Arc and Red Sea, of which Red Sea
volcanism is dominantly basaltic in composition. The

Table 1. Major oxides percentage in Western Lakshadweep Tephra
Oxides GC-3 GC-5 M1* M2* M3*
Si0, 70.70 71.04 71.80 72.20 71.87
TiO, 0.15 0.15 0.14 0.11 0.13
AlO5 13.00 13.20 13.10 12.90 13.10
FeO 1.39 1.93 0.85 0.90 0.80
Fe,0; 0.16 0.22 0.15 0.15 0.15
MnO 0.05 0.04 0.07 0.06 0.07
MgO 0.40 0.60 0.25 0.35 0.22
CaO 1.00 1.05 1.65 2.20 1.80
Na,O 2.83 2.74 3.70 2.80 3.56
K,O 3.80 3.75 5.10 5.10 5.20

M1* Glass shard fraction, from the top of the 90°E Ridge.

M2* TOBA (Si Gura, Id 680); welded tuff sample.

M3* Unaltered composition of the parent magma calculated using
Alteration index.

Table 2. CIPW weight norm

Mineral GC-3 GC-5 M1 M2 M3
Quartz 35.92 36.15 27.20 31.26 27.41
Orthoclase 22.46 22.16 30.14 30.14 30.73
Albite 23.95 23.19 31.31 23.69 30.12
Anorthite 4.96 5.21 4.08 7.57 4.41
Corundam 2.41 2.72 - - -
Diopside - - 3.21 2.65 3.55
Hypersthene 3.26 4.68 0.33 0.99 -
Magnetite 0.23 0.32 0.22 0.22 0.22
Ilmenite 0.28 0.28 0.27 0.21 0.25
Apatite - - 0.12 - -
Wollastonite - - - - 0.14
ORTHOCLASE
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Figure 5. Or—Al-An plot.
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mid-ocean ridge associated volcanism is also not silicic
and explosive. Known for subduction-related silicic vol-
canic activity throughout the Tertiary and Quaternary, the
Indonesian Arc is the most likely source for WLT. The
Toba caldera in North Sumatra located in Indonesian Arc
was the site of earth’s largest and the most widespread
explosive eruption, the YTT, which occurred around
75 ka (ref. 4). As already stated, distribution of YT ash is
tracked up to south of Indian peninsula in the Indian
Ocean in deep sea cores® and in Quaternary river valley
sediments in Peninsular India also®. Isothermal fission
track dating has fixed the distal YTT at 68,000
7000 YBP"? and dating of tephra samples from the west-
ern Peninsular India has also indicated an age of
75,000 YBP. It was decided by the eminent volcano-
logists that all reported Toba tephra occurrences in India
are related with YTT volcanism'*.

The chronological status of WLT is tentatively arrived
with the help of data on average rate of sedimentation
determined by Kalluraya' and Sarkar'® in the western
slope of the Lakshadweep domain. The sedimentation
rate of 2.25-2.3 cm/ka is calculated using C'* and §0O'®
from the cores collected from water depths of 2077 and
2523 m repectively'>'°. Since the core no. Ge-5 is located
in the identical physiographic set up, it is taken for
comparative study. An age of 68,000—69,000 YBP for the
tephra layer present in this core between 132 and 156 cm
below seafloor is determined based on the above sedi-
mentation rate, which is comparable with that of YTT. It
is pertinent to mention here that since the rate of sedi-
mentation decreases westwards (Figure 1), the above rate
of sedimentation cannot be applied for determining the
chronological status of WLT recovered from deeper
areas.

On the basis of compositional identity, Pattan et al."’
have suggested that the volcanic glass and pumice found
in siliceous abyssal sediments of the Central Indian Basin
are fallout deposits of the YTT erupted at 74 ka from
northern Sumatra. Occurrence of Youngest Toba Tephra
of about 74,000 YBP is also reported from the Western
Continental Margin of India’.

Geo-chemical signature of major elements, morpho-
logy of glass shards and chronological status based on
rate of sedimentation indicate that WLT is a product of
YT volcanism. Considering the extensive occurrence of
WLT, it can be used as a marker horizon for stratigraphic
correlation and for determining the rate of sediment ac-
cumulation.

1. Rose, W. L, Scanning Electron Microscopy and Shape Analysis of
Sedimentary and Volcanic Clasts (eds Marshall, J. R., Whalley,
W. B. and Krinsley, D. H.), Van Nostrand Reinhold Co., New
York, 1987, p. 137.

2. Heiken, G., ibid, 1987, p. 69.

3. Ninkovich, D., Shackleton, N. J., Abdel-Monem, A. A., Obrado-
vich, J. D. and Izett, G., K—Ar age of the late Pleistocene eruption
of Toba, north Sumatra. Nature, 1978, 276, 574-577.

1673



RESEARCH COMMUNICATIONS

4. Rose, W. L. and Chesner, C. A., World-wide dispersal of ash and
gases from earth's largest known eruption, Toba, Sumatra, 75 ka.
Palaeogeogr. Palaeoclimatol. Palaeoecol., 1990, 89, 269-275.

5. Korisettar, R. et al., Discovery of a tephra bed in the Quaternary
alluvial sediments of Pune district (Maharashtra), Peninsular
India. Curr. Sci., 1989, 58, 564-567.

6. Acharyya, S. K. and Basu, P. K., Toba ash on the Indian subconti-
nent and its implications for correlation of late Pleistocene allu-
vium. Quaternary Res., 1993, 40, 10-19.

7. Nambiar, A. R. and Sukumaran, P. V., Glass composition relates
Arabian Sea Tephra to 75 Ka Toba Eruptions, Marine Newsletter,
Geol. Surv. India, 1999, 15, 11-12.

8. Biihring, C., Sarnthein, M. and Leg. 184 Shipboard Scientific
Party. Toba ash layers in the South China Sea: Evidence of con-
trasting wind directions during eruption ca. 74 ka. Geology, 2000,
28, 275-278.

9. Pattan, J. N., Shane, P., Pearce, N. J. G., Banakar, V. K. and
Parthiban, G., An occurrence of ~74 ka Youngest Toba Tephra
from the Western Continental Margin of India. Curr. Sci., 2001,
80, 1322-1326.

10. Pattan, J. N., Pearce, N. I. G., Banakar, V. K. and Parthiban, G.,
Origin of ash in the Central Indian Ocean Basin and its implica-
tion for the volume estimate of the 74,000 year BP Youngest Toba
eruption. Curr. Sci., 2002, 83, 889-893.

11. Von Rad, U., Burgath, K.-P., Pervaz, M. and Schulz, H., Discov-
ery of the Toba Ash (c. 70 ka) in a high-resolution core recovering
millennial monsoonal variability off Pakistan. Geol. Soc. London
Spec. Pub., 2002, 195, 445-461.

12. Vivallo, W., Early Proterozoic bimodal volcanism, hydrothermal
activity and massive sulphide deposition in the Bolidon—Kongdal

area, Skellefile District, Sweden. Eco. Geol., 1987, 82, 440
456.

13. Chesner, C. A., Rose, W. I, Deino, A. D. R. and Westgate, J. A.,
Eruption history of earth’s largest Quaternary caldera (Toba,
Indonesia) carified. Geology, 1991, 19, 200-203.

14. Westgate, J. A. et al., All Toba occurrences across Peninsular
India belong to the 75,000 yr BP eruption. Quaternary Res., 1998,
50, 549-551.

15. Kalluraya, V. K. K., On recognition of Pleistocene/Holocene
boundary and Last Glacial Maxima in a deep sea sediment core
from Arabian Sea, Marine Newsletter. Geol. Surv. India, 1993, 9,
8.

16. Sarkar, A., Ramesh, R., Bhattacharyya, S. K. and Rajagopalan, G.,
Oxygen isotope evidence for a stronger winter monsoon current
during the last glaciation. Nature, 1990, 343, 549-551.

17. Pattan, J. N., Shane, P. and Banakar, V. K., New occurrence of
Youngest Toba Tuff in abyssal sediments of the Central Indian
Ocean. Mar. Geol., 1999, 155, 243-248.

ACKNOWLEDGEMENTS. We thank Shri V. K. K. Kalluraya, Dy.
Director General, Geological Survey of India, WCO-1, Marine Wing,
Mangalore for encouragement, logistic support and permission to pub-
lish this paper. We also thank Palacontology Division Southern Region,
GSI, Hyderabad for providing SEM photographs of the glass shards
and Chemical Laboratory, Mangalore for AAS analysis. We thank the
participants of cruise SM-114 for their co-operation.

Received 24 October 2008; revised accepted 4 September 2009

MEETINGS/SYMPOSIA/SEMINARS

International Conference on Recent Trends in Graph The-
ory and Combinatorics (ICRTGC-2010)

Date: 12-15 August 2010
Place: Cochin, India

The academic programme will consist of plenary and invited
talks in the field of Graph theory, Combinatorics and related
topics, contributed presentations (oral and poster) and special
sessions on specific themes such as Metric Graph Theory and
Graph Products, Graph Labeling, Graph Operators, Graph Col-
oring and Graph Homomorphism, Algebraic Graph Theory and
Coding/Design Theory.

Contact: Ambat Vijayakumar
Convener, ICRTGC-2010, Department of Mathematics
Cochin University of Science and Technology
Cochin 682 022, India
Phone: + 91-484-257 7518
Fax: + 91-484-257 5800
e-mail: iertge2010@gmail.com
website:_http://iertge2010.cusat.ac.in

1674

International Symposium on Trends in Drug Discovery and
Development (T3D-2010)

Date: 5-8 January 2010
Place: Delhi, India

Topics include: Drug design and hit-to-lead discovery; Open
source drug discovery; In-silico drug design and bioinformatics;
Traditional medicines; Natural products-based drug discovery;
Antisense and antigene strategies in drug discovery; Toxicity
and drug safety; Translational medicine; Advances in drug de-
livery; Clinical and preclinical development of drugs; Environ-
ment and sustainable development related issues in drug
synthesis and process research; IPR, drugs, law and society.

Contact: Dr Sunil K. Sharma
Organizing Secretary, T3D-2010
Department of Chemistry
University of Delhi, Delhi 110 007, India
Phone: + 91-11-2766 6646 Extn: 191
Mobile: +91-9818915790
e-mail: t3d2010@gmail.com

CURRENT SCIENCE, VOL. 97, NO. 11, 10 DECEMBER 2009



