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(D in Figure 1 a). It is interesting to note that some of 
the features, which are reflected very well in the Tb 
maps of July and August are not seen so well in the Tb 
map for the last week of October (Figure 1 c). This 
could be attributed to the fact that the contrast in the Tb 
between two different elevations reduces with the in-
creasing physical temperatures in Antarctica due to the 
onset of summer in the month of October. 
 The above study demonstrates the capability of 
MSMR on-board OCEANSAT-1 in capturing the sea-
ice distribution over the Antarctic Circumpolar Sea, as 
well as the land-ice signatures matching with some 
known geomorphological features on the continent of 
Antarctica, thus giving confidence in using MSMR data 
for studies of earth’s polar regions. Quantitative estima-
tion of sea-ice concentration and studies of sea-ice dis-
tribution and dynamics are being attempted separately 
with the help of multi-channel MSMR observations and 
will be reported soon. Availability of 6.6/10.65 GHz 

channels on MSMR, not existing on SSM/I, in Antarctic 
ice studies is also being explored. 
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A dispersed volcanic ash layer was recovered at 
~ 300 cm depth in a 5.52 m long sediment core col-
lected at a latitude 9°°21′′N and longitude 71°°59′′E 
from a water depth of 2300 m on the Western Conti-
nental Margin of India (WCMI). Glass shards from 
ash layer were studied for morphology, major, trace 
and rare earth element concentration to trace the 
source. Bubble wall junction-type morphology of 
glass shard suggests magmatic origin. Shards have 
high SiO2 (77%) and total alkalis (8.5%), indicating 
rhyolitic composition. The major, trace and rare 
earth element composition of these glass shards are 
indistinguishable from that of Youngest Toba ash of 
~ 74 ka from the Northern Sumatra and confirm as 
the source. The new occurrence of Youngest Toba 
Tuff  from the WCMI, Central Indian Ocean Basin 
and South China Sea Basin suggests a reassessment 
of the ash volume and global climatic implications. 
 

VOLCANIC ash in marine sediments is derived either 
from the continent through wind and river runoff or 
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from in situ submarine volcanism. Ash layers of vari-
able thickness in the Bay of Bengal, north-eastern In-
dian Ocean, Indian subcontinent and Central Indian 
Ocean Basin were noticed and were attributed to differ-
ent sources1–10. During International Indian Ocean Ex-
pedition (1960–1965), a number of sediment cores were 
retrieved along the Western Continental Margin of India 
(WCMI). Some sediment cores contained dispersed vol-
canic glass shards at subsurface depths, but their origin 
could not be traced11. Recently, we have recovered a 
dispersed ash layer ~ 34 cm thick (324–290 cm depth) 
in one of the cores collected from the WCMI. The pre-
sent study is made on this ash to trace the source. 
 A 5.52 m long sediment core was raised from a water 
depth of 2300 m at a latitude 9°21′N and longitude 
71°59′E from the WCMI in the Arabian Sea, using a 
gravity corer during ORV Sagar Kanya cruise 129 (Fig-
ure 1). The core was subsampled at 2 cm intervals on-
board and in the laboratory sediment was made salt-free 
and the coarse fraction (> 63 µm) was obtained by wet 
sieving. Abundant volcanic glass shards were found 
between 324 and 290 cm interval of the coarse fraction. 
The glass shards were separated using heavy liquid 
bromoform and cleaned ultrasonically. Morphology of 
glass shards was studied using scanning electron mi-
croscopy (JSM-5800LV). Purified glass shards were 
mounted in epoxy resin and polished to expose internal 
features. Major element oxides were analysed using 
Jeol JXA-5A electron microprobe fitted with a Link 
Systems LZ-5 EDS detector with an absorbed current of 
0.5 nA at 15 kV and a beam focused at 10 µm. Thirteen 
trace and fourteen naturally occurring rare earth ele-
ments (REE) were determined for these glass shards 
using a VG Elemental Plasma Quad II + Induc- 
tively Coupled Plasma-Mass Spectrometry (ICP-MS) 
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with a modified high-sensitivity interface, using fully 
quantitative solution analysis method as described ear-
lier5,12. 
 The glass shards appear fresh with different sizes and 
shapes, are shining, colourless, isotropic and exhibit no 
signs of alteration. Most of the shards are of bubble 
wall junction-type with cuspate and flat morphology 
 

 
 
Figure 1. Map showing location of sediment core (*) in which ash 
layer was found at 324–290 cm interval. 

(Figure 2 a and b). Shards with Y-shaped wall frag-
ments suggest that the shape is the remnant of three 
connected bubbles (Figure 2 c). Pumice fragments have 
elongated cellular vesicles (Figure 2 d). These morpho-
logical features suggest that these shards are of mag-
matic type13 and preclude the possibility of in situ ori-
gin. Shards with a similar morphology from the  
Indian subcontinent have been noticed recently14. Abun-
dant pyrite framboids are found within this 34-cm ash 
layer. When glass shards fall on the sea surface and sink 
through the water column, organic matter may adhere to 
the glass shard, resulting in the deposition of higher 
levels of organic matter on the sea-floor. The oxidation 
of this organic matter may result in H2S formation and 
in turn reaction with iron may produce abundant pyrite 
framboids (Figure 2 e and f ). The presence of 
framboidal pyrite in the marine environment suggests 
either diagenetic sulphate reduction or euxinic bottom 
waters15. The EDAX analysis of these pyrite grains 
showed high Fe2O3 (38%) and SO3 (55%), and low SiO2 
(3.3%). 
 The chemical composition of glass shards is domi-
nated by silica (77%) and alkalis (8.5%), with minor 
amounts of FeO (0.88%), CaO (0.83%), TiO2 (0.12%) 
and MnO (0.12%) (Table 1). The total alkalis and silica 
content indicates a rhyolitic composition. The similar 
major element composition of glass shards from 320 to 
322 cm and 290 to 292 cm depth intervals suggests a 

 
 
 

Table 1. Electron microprobe data (%) of glass shards from the Western Continental Margin of India 

 SiO2 Al2O3 TiO2 FeO MnO MgO CaO Na2O K2O Cl H2O 
 
Depth 
290–292 nm 
 76.95 12.45 0.10 0.88 0.06 – 0.68 3.61 5.15 0.13 5.55 
 76.92 12.66 0.04 0.85 0.12 – 0.89 3.23 5.16 0.13 5.99 
 77.05 12.62 0.15 0.96 0.00 – 0.98 3.43 4.71 0.11 6.89 
 77.12 12.41 0.16 0.85 0.05 – 0.90 3.26 5.13 0.12 6.22 
 77.24 12.34 0.05 0.87 0.14 – 0.63 3.48 5.13 0.13 5.90 
 77.05 12.50 0.10 0.88 0.07 – 0.81 3.40 5.06 0.12 6.11 
320–322 cm 
 77.44 12.40 0.05 0.69 0.13 – 0.83 3.47 4.88 0.11 7.31 
 76.77 12.67 0.11 0.96 0.16 – 0.94 3.25 5.09 0.05 6.44 
 76.55 12.71 0.20 0.96 0.02 – 0.91 3.40 5.15 0.10 5.43 
 76.82 12.46 0.18 0.95 0.08 – 0.80 3.51 5.05 0.14 5.47 
 76.93 12.64 0.17 0.85 0.10 – 0.76 3.38 5.03 0.14 5.65 
 76.90 12.58 0.14 0.88 0.10 – 0.85 3.40 5.04 0.11 6.06 

Mean 76.94 12.53 0.12 0.88 0.12 – 0.83 3.40 5.04 0.12 6.08 
 (0.33) (0.14) (0.06) (0.12) (0.05) – (0.15) (0.16) (0.19) (0.03) (0.81) 

Westgate et al.5 77.58 12.60 0.06 0.90 0.06 0.05 0.77 3.24 4.96 0.14 1.99 
(n = 275) (0.23) (0.13) (0.04) (0.05) (0.03) (0.02) (0.07) (0.13) (0.14) (0.03) (0.83) 

Pattan et al.6 76.81 12.77 0.07 0.92 0.06 0.05 0.79 3.41 5.08 0.16 5.23 
(n = 91) (0.22) (0.12) (0.04) (0.07) (0.04) (0.03) (0.07) (0.13) (0.16) (0.03) (0.97) 

Analytical data are recalculated to 100% on a volatile free basis; H2O is by difference; Total Fe as FeO; Values in the bracket are standard 
deviation; –, Below detection. 
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Figure 2. Scanning electron microphotographs of glass shards. a, Glass shards of different sizes and 
shapes; b, Flat morphology like a human leg and a radial crack in the upper part of shard which could 
be due to aerodynamics during its journey; c, Y-shaped glass shard formed between three bubbles; 
d, Pumice shard with parallel vesicles; e, Pyrite framboid sitting on glass shard; and f, Enlarged indi-
vidual pyrite framboid. 

 

 
 
sediment reworking (Table 1). The plot of CaO vs FeO 
for the WCMI glass shards falls within the area that 
characterizes the Youngest Toba ash (Figure 3)5,6,16. 
The ∑REE concentration of the glass shards varies from 
120 to 166 ppm with an average of 139 ppm (Table 2). 
The chondrite-normalized REE patterns for the WCMI 
shards exhibit light REE (LREE) enrichment over heavy 
REE (HREE), with a strong negative Eu-anomaly (Fig-
ure 3). The major and trace element concentration and 
their ratios (La/Lu, Zr/Hf, Nb/Ta, Zr/Nb, Cs/Yb, Ce/Y 
and Th/U), REE concentration and chondrite-
normalized REE pattern of glass shards are very similar 
to the Youngest Toba ash of ~ 74 ka from Northern 
Sumatra5 and confirm their source. This is the first re-
port on the occurrence of Youngest Toba ash from the 
WCMI. Its occurrence in other parts of the earth should 
be looked into. Recently, Song et al.17 further traced 
Youngest Toba Tuff (YTT) in the South China Sea Ba-

sin which is 1500 km NE of Toba cladera, which is fur-
ther widening its aerial extension. Volcanic ash was 
used to trace the palaeowind direction. The occurrence 
of YTT in the west, north-west, south-west and recently 
north-east in the South China Sea Basin17, suggests 
wind direction during YTT was not in one way. 
 YTT occurred between oxygen isotope stage 5a and 
4, a period of ice growth and falling global sea level18. 
The volcanic aerosols and fine ash dust from YTT were 
injected into the stratosphere and might have acceler-
ated the global cooling process. The new occurrence of 
YTT from WCMI, Central Indian Ocean Basin and 
South China Sea Basin suggests that the ash volume and 
climatic implications were underestimated and reas-
sessment is needed. 
 The Toba caldera from the Northern  Sumatra erupted 
in the past at ~ 74 ka, ~ 540 ka and ~ 840 ka known as 
Youngest Toba Tuff (YTT), Middle Toba Tuff (MTT)
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Table 2. Trace and rare earth element concentration (ppm) of glass shards from the Western Continental Margin of India 

 Isotope WCMI-1 WCMI-2 WCMI-3   Pattan et al. 
Element used 290–300 cm 300–310 cm 310–324 cm Mean Westgate et al.5 unpublished 
 
Be 9 2.94 2.59 3.54 3.02 – 2.42 
Ti 49 680 490 598 589 – 548 
Rb 85 225 236 274 245 222 211 
Sr 88 64.9 58.4 75.3 66.2 42.5 53.6 
Y 89 33.2 30.9 45.2 34.5 30.7 26.9 
Zr 90 79.7 82.1 97.9 86.7 76.2 73.9 
Nb 93 14.5 15.5 16.1 15.4 13.0 13.0 
Cs 133 9.1 8.6 10.2 9.3 7.6 9.1 
Ba 138 461 438 530 476 348 425 
La 139 30.2 27.9 38.3 32.1 29.9 27.2 
Ce 140 50.5 46.1 61.2 52.6 48.6 50.2 
Pr 141 6.2 5.6 7.9 6.6 5.4 5.4 
Nd 146 19.6 17.6 25.4 20.9 19.1 18.6 
Sm 147 4.5 3.9 5.6 4.7 4.1 3.92 
Eu 151 0.61 0.51 0.83 0.65 0.40 0.50 
Gd 157 4.66 4.21 6.60 5.15 4.29 4.11 
Tb 159 0.76 0.74 1.06 0.85 0.73 0.70 
Dy 162 5.31 4.71 7.11 5.71 4.81 4.47 
Ho 165 1.06 0.98 1.44 1.16 1.04 0.95 
Er 166 3.23 2.92 4.26 3.47 3.18 3.03 
Tm 169 0.77 0.64 0.92 0.77 0.53 0.63 
Yb 174 3.76 3.46 4.83 4.01 3.70 3.85 
Lu 175 0.84 0.70 1.06 0.86 0.60 0.64 
Hf 178 3.43 3.35 3.70 3.49 3.15 3.15 
Ta 181 1.24 2.06 1.08 1.46 1.30 1.45 
Pb 208 34.1 33.9 38.9 35.7 – – 
Th 232 31.9 31.3 35.9 33.1 28.1 26.71 
U 238 5.93 5.43 6.48 5.94 5.07 6.98 

Westgate et al.5, Mean of 15 glass shards of Youngest Toba origin from Malaysia, Sumatra, India, and Bay of Bengal; Pattan et al. (unpub-
lished), Mean of 8 glass shards of Youngest Toba origin form Central Indian Ocean Basin; –, Not analysed. 
 

 

  

Figure 3. a, Plot of CaO (%) vs FeO (%) for the glass shards from WCMI (u) and from Youngest Toba ash of 74 ka (×); b, Chondrite-
normalized REE pattern of purified glass from the WCMI and those reported earlier for Youngest Toba ash of ~74 ka. 

 
 
and Oldest Toba Tuff (OTT), respectively19. The glass 
shards from the WCMI are further distinguished by 
MTT and OTT, with high concentration of K, Rb, Cs, 
Th, U, Ta, Y and heavy REE and low concentration of 
Fe, Na and light REE, whereas Ca, Mn, Mg, Sr, Ba, Zr 
and Cl have intermediate composition between MTT 
and OTT5. 
 Morphology, major, trace and REE concentration of 
shards from the WCMI suggest Youngest Toba ash 

(~74 ka) from the Northern Sumatra as the source. The 
aerial extension of Youngest Toba ash in other parts of 
the earth should be looked into and ash volume and cli-
matic impact should be reassessed. 
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Laminated microbial carbonate (LMC) bodies with 
micro-morphological features resembling algal stro-
matolites were found in two Talchir basins of east-
central India. Samples of these bodies along with 
carbonate nodules obtained from the Talchir sedi-
ments were analysed geochemically. δδ18O and δδ13C 
values of the carbonate phase in the LMC range 
from 8.8 to 14.3‰ (w.r.t. SMOW) and –8.2 to  
–14.3‰ (w.r.t. PDB) respectively, indicating precipi-
tation in freshwater environment. The carbon iso-
topic composition of carbonate free residual matter 
in the LMC ranges between –20.6 and –25.5‰. These 
values are similar to those of bacterial mats of mod-
ern lakes and confirm the biogenic origin of the 
LMC. The carbon to nitrogen ratio also matches 
with the composition of modern cyanobacterial mat-
ter. Presence of microbial mat on top of glacial de-
bris suggests climatic amelioration subsequent to the 
sterile environment of Talchir glaciation.  
 
UNUSUAL occurrence of calcareous body fossils resem-
bling stromatolites or oncolites from Talchir sediments 
near Angul town in Orissa was first described by 
Pandya1. Subsequently, Mohanti and Das2 inferred the 
presence of bacterial colony and fungal strands in a few 
of these objects based on SEM photographs. No further  
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attempt has been made to characterize these bodies geo-
chemically and confirm these earlier findings. Since the 
presence of stromatolite-type objects in Talchir sedi-
ments would be of great significance in the context of 
its environmental implications, we carried out isotopic 
characterization of these objects in the present work. 
 Talchir formation comprises terrigenous sequence of 
glacial boulders, varve sediments (siltstones) and shales 
deposited during the melting of Gondwana glaciers at 
the end of Permo-Carboniferous Glaciation. In peninsu-
lar India, these sediments were deposited in a few iso-
lated basins along three major river valleys: Mahanadi, 
Damodar and Narmada. However, there has been some 
debate regarding the environment of deposition of Tal-
chir sediments. Various sedimentary features like ripple 
mark, hummocky cross-stratification, etc. suggest that 
the sedimentation took place in a vast water body, but it 
was not clear if the glacial debris was deposited in a 
glacier-fed lake or a near-shore marine setting3–5. To 
resolve this controversy we carried out geochemical 
analysis of authigenically precipitated carbonate nod-
ules which are frequently present in the siltstone bed of 
the Talchir Formation. The stable isotopic analyses of 
these nodular carbonates show that these deposits are 
formed in freshwater environment6, possibly in lakes 
formed by melt-water from glaciers where waves and 
currents could operate5. During the course of these in-
vestigations we came across objects similar to those 
described by Pandya1 in two Talchir exposures: Rai vil-
lage (latitude: 23°23', longitude: 85°23') in Damodar 
Valley Basin and Nandirjhor Nala section (latitude: 
20°48', longitude: 85°01') of Bedasar village near Angul 
town in Mahanadi Valley Basin (Figure 1). The present 
work is an attempt in deciphering the origin of these 
objects. The morphology of these objects is described 
below. 
 These laminated microbial carbonate (LMC) objects 
are botroidal in appearance and range in size from 30 to 


