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at the base of the vascular bundles as reported earlier7 and 
this formed a cambium-like layer which later spread  
rapidly. Microscopy observations of development of cal-
lus in the young shoot buds revealed that meristemoids 
were formed from xylem parenchyma as indicated. 
 The present communication shows effectiveness of 
using sprouted buds on the nodal explants of 8–10-year-
old, mature bamboo for induction of somatic embryos 
and also increasing their conversion frequency into plant-
lets by incorporating high sucrose concentration in the 
medium. Once the plantlets are formed, these could fur-
ther be multiplied in static liquid media wherein, pro-
longed sub-culturing resulted in rhizome formation. The 
segments from the latter could also be used for further 
multiplication of the species. 
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Origin of ash in the Central Indian 
Ocean Basin and its implication for the 
volume estimate of the 74,000 year BP 
Youngest Toba eruption 
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G. Parthiban† 
†National Institute of Oceanography, Dona Paula, Goa 403 004, India 
#Institute of Geography and Earth Sciences, University of Wales,  
Aberystwyth, SY23 3DB, UK 

A controversy exists about the origin of ash in the 
Central Indian Ocean Basin (CIOB). In situ silicic 
volcanism and Indonesian arc volcanism have been 
proposed as sources of ash in the basin. We present 
here the detailed morphology and chemical composi-
tion (ten major, 20 trace and 14 rare earth elements 
(REE)) of glass shards from eight sediment cores in 
the CIOB to gain insights and provide new estimates 
of ash volume. The glass shards are of rhyolitic com-
position with a strong negative Europium anomaly, 
and show a bubble wall junction-type morphology 
suggesting a magmatic type of eruption. Major, trace 
and REE composition and morphology of the shards 
suggest Youngest Toba Tuff (YTT) of ~ 74 ka of 
Northern Sumatra as the source for the ash. The YTT 
shards have higher Ca, K, Al, Cs, Ba, Ta, Th, U and 
heavy REE and lower Fe, Rb, Sr, Y and light REE 
compared to Middle Toba Tuff, and higher Si, K, Hf 
and light REE, and lower Ti, Fe, Mn, Mg, Ca, Na, Rb, 
Sr, Y, Nb, Th, U and heavy REE compared to Oldest 
Toba Tuff. The YTT covers a new minimum area of 
~ 3.2 × 106 km2 in the CIOB and increases additional 
ash volume by 160 km3 to the earlier volume (350 km3) 
reported. The new occurrence of YTT from the CIOB, 
South China Sea and Arabian Sea suggests significant 
increase in ash volume, and climatic implications need 
to be reassessed. 

ASH layers in the marine sedimentary records are impor-
tant because they provide information about cyclicity of 
volcanism, volcanic production rate and volume, eruption 
duration, geochemical character of source, and temporal 
relations between palaeoclimate and volcanic history1,2. 
Chemical composition, age and morphology of volcanic 
products far removed from their sources can be used to 
identify the sources. There is controversy regarding the 
source of ash in the Central Indian Ocean Basin (CIOB). 
Different sources such as in situ silicic volcanism3–5 and 
Indonesian arc volcanism6,7 have been suggested. Martin-
Barajas and Lallier-Vergas6 suggested Indonesian arc 
volcanism as the source for the ash but the low alkali 
content of their analysis did not allow them to correlate 
with the Youngest Toba Tuff (YTT). Here, we present 
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detailed work on morphology and chemical composition 
(ten major, 20 trace and 14 rare earth elements) of glass 
shards separated from ash layers from eight sediment 
cores in the CIOB, in an attempt to identify the source 
and estimate ash volume. 
 Seven sediment cores in the abyssal siliceous ooze 
from a water depth of > 4900 m and one core from a  
water depth of 4300 m (above the carbonate compensa-
tion depth) were collected during various cruises in the 
CIOB (Table 1, Figure 1). Ash layer occurs between 10 and 
35 cm depth in the siliceous ooze, except in core NR-01 
where it is exposed at the surface due to erosion of 
younger sediment8. In the carbonate sediment core, ash 
layer occurs at a depth of 112–125 cm due to higher 
sedimentation rate. The coarse fraction (> 63 µm) from 
ash layers was obtained by wet-sieving the bulk sedi-

ment. Microscopic observation of coarse fraction revealed 
the presence of radiolarians, manganese micronodules 
and glass shards with varying abundance. The glass 
shards were separated using heavy liquid bromoform and 
cleaned ultrasonically. Morphology of the glass shards 
was studied by Scanning Electron Microscopy (Leica-
440). Major element composition of glass shards was 
obtained by electron microprobe7. Twenty trace and 14 
rare earth elements (REE) were determined using a VG 
Elemental Plasma Quad II+ Inductively Coupled Plasma-
Mass Spectroscopy with a modified high sensitivity  

Table 1. Location and other details of sediment cores from the  
Central Indian Ocean Basin 

      
      
 
 
Core no.

 
Latitude 

(S) 

 
Longitude 

(E) 

 
Water depth 

(m) 

 
Core length 

(cm) 

Interval of ash 
occurrence 

(cm) 
      
      
CR-02 03°00′ 82°15′ 4900 470 20–28 
CR-05 03°00′ 88°00′ 4300 130 112–125 
NR-01 09°56′ 77°42′ 5250  41  0–10 
NR-21 11°30′ 78°32′ 5325  35 20–30 
NR-35 11°56′ 78°29′ 5450  28 14–26 
NR-54 07°00′ 78°15′ 5200  70 30–35 
SK-226 13°08′ 75°00′ 5270  36 18–26 
SS-657 14°00′ 76°00′ 5050  36  6–14 
      
      

 
Figure 1. Location map showing the occurrence of Youngest Toba 
ash in the Central Indian Ocean Basin (present study), Bay of 
Bengal14,20, South China Sea16,18 and Arabian Sea17,19,21. Line 1 is the 
earlier area demarcated by the occurrence of YTT and line 2 is the 
extension of new occurrence. 

 

 
Figure 2. Scanning electron microphotographs of glass shards. 
a, Cuspate shape; b, Flat shape, and c, Pumice with elongated vesicles. 

 

 
a 

 
b 

 
c 
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interface, using fully quantitative solution analysis meth-
ods described earlier9,10. 
 Megascopically, the ash layer is light grey in colour, 
individual glass shards under microscope are colourless, 

fresh, without any oxide coatings, lack cracks/fractures, 
are isotropic and unaltered. Rose and Chesner11 carried 
out an extensive study of glass shards for their shape, 
size, diameter, area and perimeter from the Northern  
Indian Ocean. Majority of the glass shards are of the 
bubble wall junction-type, i.e. cuspate/lunate or flat  
(Figure 2). Pumice shards with cellular and elongated 
parallel vesicles are present (Figure 2). The cuspate-type 
glass shards are formed due to fragmentation of two or 
three adjacent bubbles during eruption, while the flat 
shards are formed by the fragmentation of large flattened 
glass. The ash has been classified into two types:  
(1) magmatic type, formed due to the loss of coherence in 
froth magma during its ascent to the ground surface, and 
(2) phreatomagmatic type, formed due to fragmentation 
of quenched magma as a result of quick chilling through 
contact with water. Such fragmentation of quenched 
magma invariably forms small blocky or pyramidal shape 
glass shards12. The bubble wall junction-type morpho- 
logy and absence of blocky or pyramidal morphology  
of the glass suggest magmatic origin. The absence of  
droplet-shaped morphology indicates a high viscosity 
magma12. 

Table 2. Average major element composition (wt.%) of glass shards 
from the CIOB compared with the YTT from other locations 

      
      
Oxide 1 2 3 4 5 
      
SiO2  76.81 (0.22) 77.58 (0.23) 77.08 (0.16) 77.48 77.06 
Al2O3 12.77 (0.12) 12.60 (0.13) 12.60 (0.09) 12.42 12.44 
TiO2  0.07 (0.04)  0.06 (0.04)  0.05 (0.03)  0.05  0.11 
FeO  0.92 (0.07)  0.90 (0.05)  0.90 (0.04)  0.85  0.88 
MnO  0.06 (0.04)  0.06 (0.03)  0.07 (0.02)  0.07  0.11 
MgO  0.05 (0.03)  0.05 (0.02)  0.05 (0.01)  0.05  0.06 
CaO  0.79 (0.07)  0.77 (0.07)  0.78 (0.06)  0.75  0.80 
Na2O  3.41 (0.13)  3.24 (0.13)  3.24 (0.10)  2.43  3.36 
K2O  5.08 (0.16)  4.96 (0.14)  5.06 (0.13)  4.72  5.11 
Cl  0.16 (0.03)  0.14 (0.03)  0.16 (0.03) –  0.12 
H2O  5.23 (0.97)  1.99 (0.86)  4.22 (0.33) –  4.94 
N 91 274 72 53 16 
      
      
1, Central Indian Ocean Basin7 (present study); 2, YTT from Sumatra, 
Malaysia, Bay of Bengal and India10; 3, YTT from the Indian subconti-
nent15; 4, YTT from South China Sea16,18; YTT from Arabian Sea19,21. 
Analysis presented as mean and standard deviation (in parenthesis). 
N, Number of individual shards analysed; –, No data. 

Table 3. Trace and REE composition (ppm) of glass shards from the CIOB compared with the YTT from other locations 
             
             
Element CR-02 CR-05 NR-01 NR-21 NR-35 NR-54 SK-226 SS-657 1 2 3 4 
             
             
Be 2.99   2.44  2.56  2.62  2.65  2.43  2.14  2.42  2.53 – –   3.02 
Sc 1.93   1.55  1.68  1.69  1.89  1.84  1.54  1.93  1.75 – – – 
V 16.1 14.6 15.4 15.1 17.1 17.4 12.7 15.0 15.5 – – – 
Cr 2.55   3.21 17.80  4.15  3.86  4.42 12.27 15.12  7.90 – – – 
Co 0.86   0.61  0.79  0.70  1.23  1.12  0.97  1.16  1.10 – – – 
Ni 0.76   0.81  3.74  1.25  1.52  1.36  2.99  3.94  2.05 – – – 
Zn –   7.33  7.85  9.17 10.17  8.34  6.95  8.81  8.37 –   0.74 – 
Cu 3.15   2.43  3.73  3.15  4.76  4.40  5.81  6.20  4.20 – – – 
Ga 12.3 10.3 10.0 10.4 10.9 10.3  8.3 10.5 10.4 – – – 
Rb 252 206 213 221 217 206 171 205 211 222 190 245 
Sr 63.8 54.9 50.7 53.2 57.1 53.6 43.7 52.2 53.6 42.5 44 66.2 
Y 31.7 26.4 27.6 27.7 27.5 26.1 22.0 26.6 26.9 30.7 35 45.2 
Zr 87.6 81.6 73.0 75.5 74.6 71.4 57.9 69.9 73.9 76.2 – 97.9 
Nb 15.8 12.8 11.5 13.7 13.8 12.5 11.0 12.9 13.0 13.0 16.4 16.1 
Cs 10.9  9.0 9.2  9.6  9.4  8.8  7.1  8.8  9.1  7.6  7.4  9.3 
Ba 514 427 411 428 444 414 350 414 425 348 364 476 
La 33.2 27.0 27.6 28.1 28.6 26.4 21.3 25.9 27.2 29.9 27.4 32.1 
Ce 61.8 49.6 50.4 51.8 52.1 48.8 39.4 48.2 50.2 48.8 55.5 52.6 
Pr 6.61   5.42  5.32  5.52  5.60  5.36  4.41  5.29  5.40  5.44  6.15  6.60 
Nd 22.7 18.6 18.7 19.2 19.3 18.3 15.4 17.3 18.6 19.0 22.0 20.9 
Sm 4.71   3.92  3.78  4.02  3.87  3.58  3.37  4.15  3.92  4.06  4.46  4.70 
Eu 0.58   0.52  0.45  0.48  0.54  0.46  0.43  0.54  0.50  0.40  0.41  0.65 
Gd 4.9  4.0 4.2  4.2  4.2  4.1  3.5  3.9  4.1  4.3  4.6  5.1 
Tb 0.87   0.67  0.68  0.69  0.72  0.69  0.56  0.74  0.70  0.73  0.73  0.85 
Dy 5.24   4.32  4.46  4.70  4.55  4.39  3.58  4.54  4.47  4.81  4.65  5.71 
Ho 1.13   0.92  0.94  1.01  0.98  0.88  0.82  0.94  0.95  1.04  1.00  1.16 
Er 3.57   2.95  3.03  3.17  3.15  2.79  2.58  2.97  3.03  3.18  3.01  3.47 
Tm 0.75   0.65  0.63  0.64  0.66  0.58  0.52  0.62  0.63  0.53  0.52  0.77 
Yb 4.05   3.61  3.42  3.54  3.64  3.18  2.82  3.56  3.85  3.70  3.70  4.01 
Lu 0.76   0.61  0.65  0.66  0.69  0.59  0.56  0.61  0.64  0.60  0.57  0.86 
Hf 3.71   3.14  3.09  3.27  3.18  2.95  2.80  3.07  3.15  3.15  2.83  3.49 
Ta 1.74   1.34  1.18  1.55  1.44  1.29  1.45  1.62  1.45  1.30  1.82  1.46 
Th 32.9 25.2 28.4 29.1 29.1 27.7 23.2 28.2 26.7 28.1 30.9 33.1 
U 8.1  6.6 7.0  7.4  7.5  6.6  5.9  6.9  6.9  5.1  5.8  6.5 
             
             
1, Central Indian Ocean Basin (present study, n = 8); 2, YTT from Sumatra, Malaysia, ODP site 758, Bay of Bengal and India10 (n = 15); 3, YTT 
from South China Sea16 (n = 2); 4, YTT from Arabian Sea19 (n = 3); –, Not analysed. 
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 Analysis of glass shards from tephra deposits by elec-
tron microprobe for their major element composition is 
widely accepted and has been used to identify and distin-
guish the source of ash beds in sedimentary formations13. 
The CIOB glass shards are high in silica (76.8%) and 
alkali (8.5%), indicating a rhyolitic composition. They 
have very low contents of CaO (0.7%), TiO2 (0.07%), 
MgO (0.06%), and MnO (0.07%) (Table 2). The major 
element composition of these glass shards is similar to 
those reported from Bay of Bengal, Arabian Sea, South 
China Sea and the Indian subcontinent10,11,14–21. The mean 
Σ REE concentration of the glass shards from eight sedi-
ment cores is 124 ppm (Table 3). It is similar to the  
Σ REE of the YTT (127 ppm) reported by Westgate  
et al.10. The chondrite-normalized REE patterns exhibit a 
strong negative Eu anomaly and show a gradual decrease 
from La through Sm and nearly constant enrichment from 
Gd through Lu (Figure 3). The chondrite-normalized  
ratio of La/Yb (light REE/heavy REE) varies between 4.9 
and 5.7 with an average of 5.4, and suggests significant 
enrichment of light REE over heavy REE. The detailed 
trace element concentration (Table 3), plot of few  
selected trace element ratios (La/Lu, Zr/Hf, Nb/Ta, 
Zr/Nb, Cs/Yb, Ce/Y and Rb/Sr; Figure 4), major ele-
ments, REE composition, chondrite-normalized REE  
pattern and bubble wall junction-type morphology of 
glass shards from the CIOB match well with proximal 
sample from Northern Sumatra (Toba caldera) as well as 
the YTT reported from Bay of Bengal, India, Malaysia, 
ODP site 758, Arabian Sea and South China Sea10,11,14–21. 
The Toba caldera of Northern Sumatra eruptions dated 
~ 74,000 years BP, ~ 540,000 years BP and ~ 840,000 
years BP, are known as the Youngest Toba Tuff (YTT), 
Middle Toba Tuff (MTT) and Oldest Toba Tuff (OTT) 
respectively22. The YTT can be distinguished from the 
MTT and OTT by the chemical composition. The YTT 
has higher Ca, K, Al, Cs, Ba, Ta, Th, U and heavy REE 
and lower Fe, Rb, Sr, Y and light REE compared to 

MTT, and high Si, K, Hf and light REE, and lower Ti, 
Fe, Mn, Mg, Ca, Na, Rb, Sr, Y, Nb, Th, U and heavy 
REE compared to OTT10. 
 The YTT eruption from the Toba caldera in Northern 
Sumatra is the earth’s largest volcanic event in the late 
Quaternary, covering nearly 1% of the earth’s surface 
and its environmental consequences are not fully investi-
gated. The YTT eruption had a duration of 9–14 days23, 
with an eruption height of 32–40 km in the stratosphere24. 
The YTT age was estimated as ~ 74 ka based on K-Ar, 
40Ar/39Ar, oxygen isotope and biostratigraphy10,11,20. The 
occurrence of the YTT up to 14°S in the CIOB7 suggests 
ash is dispersed to a distance of ~ 3200 km from the  
caldera. A distinct aerosol peak of volcanic sulphate at 
~ 71,000 years BP in the Greenland GISP2 ice core25, 
presence of entrapped dust in the Antarctic Vostok ice 
core at ~ 71,000 years BP26, and a drop in temperature of 
~ 4°C at ~ 77,000 years BP27 may be related to the YTT 
eruption. On the basis of the occurrence of the YTT in 
the Northern Indian Ocean, Rose and Chesner11 reported 
a minimum areal coverage of 7 × 106 km2 and ash thick-
ness of 10 cm, yielding a minimum ash volume of 

 
Figure 3. Chondrite-normalized REE patterns of glass shards from the CIOB and YTT published 
earlier10. 

 

 
Figure 4. Some trace element ratios of glass shards from the CIOB 
compared with the YTT from Toba caldera. 
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350 km3. The minimum area covered by the newly de-
scribed Youngest Toba ash in the CIOB is estimated to 
be ~ 3.2 × 106 km2. In the northern sediment cores the 
ash thickness is comparatively more (up to 13 cm) and 
decreases (8 cm) in the southernmost cores, with an aver-
age of 10 cm. Based on the area covered in the Southern 
Hemisphere (~ 3.2 × 106 km2) and average ash thickness 
(10 cm), the new minimum volume estimate is ~ 160 km3. 
This volume is in addition to the earlier volume of 
350 km3 estimated by Rose and Chesner11 based on the 
occurrence of ash from the Northern Indian Ocean.  
Recently, the YTT has been further traced from South 
China Sea16 and Arabian Sea17,19,21. For the ash volume 
estimate, we have not considered locations from South 
China Sea and Arabian Sea, as data are limited to few 
stations. Therefore, the new occurrence of the YTT in the 
CIOB, South China Sea and Arabian Sea suggests sig-
nificant increase in ash volume estimates, and consequent 
climatic implications need to be reassessed. 
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Evidence for a female-produced sex 
pheromone in the banana pseudostem 
weevil, Odoiporus longicollis Olivier 
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A female-produced sex pheromone in Odoiporus longi-
collis Olivier was detected in a laboratory bioassay 
system. Both virgin and mated females produce sex 
pheromone. There was a significant difference in  
response of males to females, and it varied towards 
females of different age groups. The calling behaviour 
of the females and the courtship behaviour of the 
males have been documented. This report is an evi-
dence on the presence of sex pheromone in O. longi-
collis. 

THE banana pseudostem weevil Odoiporus longicollis 
Olivier (Curculionidae : Coleoptera), has become a seri-
ous pest on banana and is distributed mainly in Southeast 
Asia and New Guinea1,2. In India though it is distributed 
all over the country, it is a serious pest in the banana-
growing belts of Andaman Island3, Uttar Pradesh4,  
Bihar5, West Bengal6, Assam6, Kerala7 and Tamil Nadu8. 
The female weevil lays eggs inside the air chamber of the 
outer sheath of the pseudostem through holes made by its 
rostrum. Emerging grubs make extensive tunnels in the 
pseudostem for feeding and pupate in the pseudostem  
to become adults. Owing to the extensive damage to the 
pseudostem, it often becomes hollow and weak and bears 
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