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Geochemistry and 40Ar/39Ar dating of glass shards of Youngest Toba TuA ash from two localities, i.e.,
Gandhigram (G-2) and Hudki (H-1) of the Purna alluvial basin, Central India have been carried out.
Major oxides, determined by EPMA, exhibit SiO2 (78.4–79.6 wt%), Al2O3 (11.7–13.0 wt%), Na2O
(2.0–2.6 wt%) and K2O (3.4–4.4 wt%) and minor and trace elements, analyzed by ICP-MS, reveal higher
contents of LREEs, i.e., La (26.52–27.15 ppm), Ce (50.25–51.26 ppm), Pr (5.02–5.24 ppm), Nd
(20.1–21.31 ppm), Sm (3.1–3.36 ppm) and lower values of HREEs, i.e., Tb (0.5–0.57 ppm), Ho (0.5–0.6
ppm), Tm (0.28–0.35 ppm), Yb (2.68–2.94 ppm), Lu (0.45–0.48 ppm) along with prominent dip of Eu.
Trace elements show high content of Rb (188.6–200.6 ppm), Sr (37.79–48.14 ppm), Ba (347.9–375.6 ppm)
and low Ga (8.90–9.67 ppm), Sc (2.33–3.09 ppm), Nb (10.24–11.6 ppm). The chemical composition of
glass shards is similar to the Youngest Toba TuA (YTT) ash reported from Indian peninsula and Malaysia
including Toba Caldera. The 40Ar/39Ar dates show plateau ages of 0.79 ± 0.02 Ma (790 ± 0.02 ka) and
0.77 ± 0.05 Ma (770 ± 0.05 ka) for ash of Gandhigram and Hudki localities. These dates seem to be
geologically meaningless and are not acceptable as the YTT ash is universally considered to be of ca. 75 ka
age based on geochemistry, Bssion track and 40Ar/39Ar dating of ash minerals. Therefore, the dates
presently generated through 40Ar/39Ar technique on glass shards are being discarded considering mobile
behaviour of Ar isotopes, alkalis in the melts and glass shards due to isotopic fractionation and
post-depositional processes.
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1. Introduction
The glass shards of Youngest Toba TuA (YTT) ash
from two different localities of the Purna alluvial
basin have been studied for their geochemical signature and Bxation of age. The YTT eruption of
Toba Caldera is considered to be a super eruption
on the earth that erupted 75 ka BP in the Sumatra,
Indonesia (Ninkovich et al. 1978). The YTT eruption ejected huge amount of pyroclastic material,

Ar/39Ar dating; glass shards; Quaternary.

i.e., *2800 km3 of the rhyolitic magma (Rose and
Chesner 1987; Mason et al. 2004). The Bne grained,
unconsolidated, pyroclastic material of this
eruption covered *40,000,000 km2 of south and
south-east Asia that created umbrella shaped
dense volcanic clouds in the atmosphere (Rampino
and Self 1992, 1993; Zielinski et al. 1996; Ambrose
1998; Williams et al. 2009). This YTT phase was
preceded by three eruptive episodes, i.e., Middle
Toba TuA (504 ka) (Chesner et al. 1991), Oldest
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Toba TuA (840 ka) (Deihl et al. 1987) and
Haranggoal Dacite TuA (1.2 Ma) (Nishimura et al.
1977). YTT ash are reported from many places,
i.e., Ocean Basins (Ninkovich et al. 1978; Dehn
et al. 1991; Westgate et al. 1998; Pattan et al. 1999;
Buhring et al. 2000; Gasparotto et al. 2000; Song
et al. 2000; Liang et al. 2001; Jayaprakash et al.
2009) and continental deposits in the several
Quaternary river basins of India (Williams and
Royce 1982; Korisetter et al. 1989; Acharya and
Basu 1993; Horn et al. 1993; Mishra et al. 1995;
Westgate et al. 1998; Jones 2010; Gatti et al. 2011;
Smith et al. 2011; Westway et al. 2011) and
Malaysia (Westgate et al. 1998; Gatti et al. 2012).
The geochemical signatures of the YTT tephra
from India also contentious as its geochemical
similarities coincide with the OTT reported from
the Son and Jurreru valleys (Smith et al. 2011).
Precise isotope dating using multiple techniques of
YTT tephra from south Asia including India depict
age from 1400 to 68 ka (Korisettar et al. 1989;
Chesner et al. 1991; Mishra et al. 1995; Westgate
et al. 1998; Westway et al. 2011; Mark et al. 2014).
The YTT eruption and its subsequent eAects on
south Asian continent has been widely discussed
for many aspects, i.e., chronological correlations
with the artifacts, reconstruction of paleoclimate,
Coral and faunal existence and their bottleneck
(Ambrose 1998; Jones 2007, 2010; Williams et al.
2009; Petraglia et al. 2012; Timmreck et al. 2012).
However, tephra beds of certain locations in Indian
river basins still invite controversies for their correlations with the OTT, MTT and YTT (Mishra
et al. 1995; Westgate et al. 1998; Smith et al. 2011;
Westway et al. 2011). Compositional similarities as
well heterogeneities of glass shards of several ash
layers in the sediments distinguish the different
episodes of volcanic eruptions in the region (Lowe
2011; Bidias et al. 2018). 40Ar/39Ar technique is
used as a tool to date volcanic eruptions during
Quaternary period, although it is not eAective
when alteration/weathering is intense.
An attempt has been made to determine geochemistry and 40Ar/39Ar data of glass shards of
YTT ash from Gandhigram (G-2) and Hudki (H-1)
localities of Purna alluvial basin, Central India.
Westgate et al. (1998) carried out geochemical
characterization and Bssion track analyses of the
glass shards of Gandhigram locality and considered
the same as YTT because of 84 ± 16 ka age
obtained by F-T analysis, in addition, to their
geochemical similarities with the YTT of Toba
Caldera. However, the same ash was later reported
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as of 797 ± 45 ka age through 40Ar/39Ar dating of
glass shards by Westway et al. (2011) that inducted a lot of debate. The Hudki tephra is not studied
so far for geochemistry and geochronology. This
paper also summarizes the constraints of Ar dating
of volcanic glass shards/melts. Correlation and
discussion of geochemical data of glass shards from
both the referred localities have also been made.
2. Purna alluvial basin
The alluvial basin occupying central part of the
Purna river basin comprises mainly of arenaceous to
argillaceous sediments ranging in age from Late
Pleistocene to Recent which are well developed in
both lateral and vertical proBles of the basin (Kale
2010) (Bgure 1). Based on lithological characteristics
and correlations with the coeval exposures of Narmada basin, these sediments have been subdivided
into four formations, viz., the Vaghoi Formation
(Lower Pleistocene), the Kodori Formation (Upper
Pleistocene), the Kural Formation and the Purna
Formation (Holocene to Recent) (Tiwari et al. 2010).
Our Beld observations identify three broad
lithofacies set-up in alluvial deposits, i.e.,
(i) southerly sloping hilly and elevated areas in the
north comprising of mainly coarse sand and gravelpebble-conglomerate beds or, their alternations;
the lower part of the succession shows rich calcretization of mostly pedogenic origin, (ii) the
central part of the basin with almost Cat topography is characterized by good development of siltyclay lithounits with pedogenic and non-pedogenic
calcretes, and (iii) stratiBed, Bne sand-silty-clay
with non-pedogenic calcretes in western part (Srivastava et al. 2019). Although, the lithological
architecture of the alluvial deposit in the entire
basin area is divisible into 11 lithofacies (Srivastava and Singh 2019a), the lithosections under
present study are marked by preservations of only
three lithofacies, i.e., (i) paleosol (P) facies, (ii)
planar cross-stratiBed gravel (Gp) facies and, (iii)
laminated sand, silt and mud (Fl) facies. Overall
set-up of the lithofacies in the area reveals various
stages of their deposition in Cuvio-lacustrine
environment (Srivastava and Singh 2019a).
3. Lithological setting of the studied sections
The alluvial columns exposed at Gandhigram and
Hudki localities show almost similar lithological
set-up represented by silty-clay lithounits at the
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Figure 1. Geological map of the Purna basin showing locations of the study area.

bottom, followed by calcretized gravel beds and
sandy-silty-clayey columns at the top. Preservations of pedogenic and non-pedogenic calcretes are
common. The lithounits of the volcanic ash are
represented by yellowish to grayish brown, laminated, silty-clay units that are well developed at
both the localities. The aerial distance between
both the sites is about 25 km.
3.1 Gandhigram area (Bgures 2 and 3)
Tephra site (20°570 7300 N, 77°590 7100 E) at the
Gandhigram area is situated on the upstream, right
bank of the Purna river. The succession comprises of
about 23 m thick lithocolumn, of which, the lower
5 m is represented by reddish to yellowish brown,
Bne sand-silty-clay sediments of mottled and massive nature. It preserves the record of vegetational
and insect’s activities in the form of rhizospheres,
rhizolith balls, root casts and ant traces. Based on
the lithological characteristics, biogenic and nonbiogenic structures, this unit is considered as the
paleosol which also corroborates with the paleosols
(P) facies of Miall (1996). It is overlain by 2 m thick
lithocolumn of light gray, compact, calcretized
gravel bed with planar and cross beddings. It is
correlatable with planar cross stratiBed gravel (Gp)

facies of Miall (1996). Above to this is a lithocolumn
of about 6 m thickness, marked by grayish brown,
thinly laminated, silty-clay. It shows precipitations
of calcium carbonate in the form of various types of
calcretes, i.e., nodular, concretionary and cylindrical
root calcretes that may show branching or secondary roots. Preservation of light gray to yellowish
brown volcanic ash in the form of thick pocket
having 0.5–2 m thickness makes this lithounit significant. It is overlain by 4 m thick, silty-clay succession as of the underlying succession; however,
differs because of yellowish brown colour. It is thinly
stratiBed, harder than the previous and shows
preservation of nodular calcretes. This entire lithocolumn including ash-bearing succession can be
placed into laminated silty-clayey facies (Fl) of
Miall (1996). It is succeeded upward by 6 m thick,
grayish brown, thinly laminated, Bne sand-siltyclayey lithounit with occasional presence of nodular
calcretes. Slickenside, stress cutans and long vertical
cracks, particularly, in the upper part of the succession can be noticed in summer season. Lithological architecture and bedding attitudes of this
lithounit is same as of underlying succession,
therefore, considered as the continuation of Fl
facies. This site is well debated among the
tephrochronologists as the ash of this location had
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Figure 2. Detailed lithological architecture of the successions exposed at Gandhigram (A) and Hudki (B) localities.

been previously chemically characterized and dated
exhibiting very high difference, i.e., 84 ± 16
(Westgate et al. 1998) and 797 ± 45 ka (Westway
et al. 2011).
3.2 Hudki area (Bgures 2 and 3)

Figure 3. Lithofacies architecture of the successions exposed
at Gandhigram (A) and Hudki (B) localities, respectively.

Here, the tephra bearing site (20°520 7500 N, 77°160
4300 E) is located on the right bank of the Chandrabhaga river, a tributary of Purna. The lithological set-up and lithofacies architecture of about
18 m thick succession are almost similar as of
Gandhigram section. The lower 3 m column, represented by reddish to yellowish brown, mottled,
massive to faintly laminated lithounit having rhizospheres, rhizolith balls, root casts and ant traces,
is comparable with Paleosol (P) facies of Miall
(1996). Overlying 3 m thick, light gray, calcretized
gravel bed, similar to the Gandhigram succession,
qualiBes the criteria of planar cross stratiBed gravel
(Gp) facies as proposed by Miall (1996). It is highly
disturbed due to regular seasonal Coods in the
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river. This unit is overlain by 9 m thick, yellowish
brown, friable, parallel laminated, silty-clay having
nodular and root calcretes. It shows preservation of
15–20 cm thick, light gray coloured, horizontal,
discontinued bed of volcanic ash extending about
70 m in length. This entire ash bearing succession
corresponds to Fl facies of Miall (1996). It is
overlain by 3 m thick, grayish brown, Bne sandsilty-clayey lithocolumn at the top and also satisfy
the criteria of Fl facies of Miall (1996).
Following criteria as proposed by Miall (1996),
the lithofacies architecture of both the successions
depict lacustrine and Cuvial environments of
deposition in waterlogged condition, i.e., low to
medium energy condition of lake, Cood plain,
overbank, in which, suspension was a dominant
mode. Calcrete precipitation suggests semi-arid
and humid climatic conditions during deposition of
the succession (Wright et al. 1995).
4. Preservational attributes of the ash
The distal ash at Gandhigram and Hudki areas are
represented by light gray to yellowish brown,
0.15–2 m thick units that are preserved as pockets
or, discontinued beds in almost middle of the host
lithounit represented by silty-clay sediments and
are well marked by their sharp contacts with both
overlying and underlying beds. The ash is mostly
Bne grained, loose and powdery in nature, however, varies as per their mode of deposition, i.e.,
primary and reworked. At Gandhigram area, only
reworked ash could be traced which is yellowish
brown in colour, medium to coarse grained and
\ 2 m thick. Domination of medium to Bne sandsize glass shards and minerals in certain horizons
of the ash is probably because of the removal of
Bner fraction due to prevalence of little higher
energy condition of the transportation medium.
The yellowish brown colour of the same may be
secondary in nature due to percolation of water
entrapped in the grayish brown coloured host
sediments. The ash at this locality is also characterized by preservations of sedimentological
features, i.e., parallel laminations, cross beddings
and occasionally, soft sediment deformational
structures. The Hudki locality exhibits only primary ash, represented by light gray, Bne-grained,
massive to Bnely laminated, thin discontinued bed
of 0.15–0.20 m thickness. Sedimentary structures
are restricted to laminations which are poorly
preserved. It is dominated by clay size fraction

followed by minor quantity of silt and Bne sand
size glass shards and minerals.
5. Sample preparation and methodology
The ash of Gandhigram (G-2) and Hudki (H-1)
were collected for various analyses including geochemistry and dating. The samples were disaggregated by crushing gently in Agate Mortar. These
disaggregated samples were further sieved at 0.25,
0.125, 0.088 and 0.0625 mm mesh size to separate
glass shards and minerals. Fraction size of 0.125
and 0.088 mm were washed in hot distilled water
over 120°C for 50 min and then with 10% HCl and
20% H2O2 for an hour. Cleaned fractions were used
for petrological studies. Glass shards contain three
different types of morphologies, i.e., bubble wall,
blocky and pumice followed by minor occurrence of
minerals, i.e., quartz, plagioclase, sanidine, biotite,
allanite, pyroxene, amphibole and magnetite, and
unidentiBed Bne admixture. The glass shards are
colourless, unaltered, angular and uncracked.
5.1 EPMA and ICP-MS
Major oxides were determined using EPMA technique at Indian Institute of Technology, Powai,
Mumbai. Prior to analysis, the grains were mounted onto the glass slides in the epoxy resin and left
for Brming for two days. These trapped grains were
gently polished with silicon carbide paper for 15
min or less, for their internal exposure followed by
their coating with carbon. The EPMA instrument
was handled with 15 kv accelerating voltage, 10 nA
probe current and 15 lm beam diameter to avoid
devolatilization or, increase and decrease of alkalis,
i.e., Na and K. Sodium was analyzed Brst because
of its mobile nature under beam current. ICP-MS
technique was performed on total 04 samples to
determine REEs and trace elements at CSIR, NIO,
Goa, India. 50 mg of glass shards were handpicked
and cleaned ultrasonically followed by washing
with deionized water and Bne crushed in Agate
Mortar. A TeCon beaker was used to keep of about
10 mg Bne, dried, powder of glass shards, which
was made wet again by dropping of ultrapure water
followed by adding of 10 ml HF + HClO4 + HNO3
(7:3:1), heated on a hot plate for making a paste.
Further, 4 ml of 1:1 HNO3 was mixed and heated
for 5 min followed by adding of 1 ml rhodium, an
internal standard, for making volume of 100 ml
with ultrapure water. The solution was made by
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digesting of blank, duplicate and international
reference standard material (JR-1) in an equivocal
way. Acids used during the processes of making
solution were supra pure and ultrapure water
having 18.2 mX. Accuracy and precision of the
chemical data as judged by the analysis of a reference sample JR-1 was \ 6% for all the analyzed
elements by ICP-MS technique.
5.2

40

Ar/39Ar measurements

About 50 mg handpicked glass shard samples from
both the localities were cleaned in ultrasonic bath
and Blled in the aluminium capsules. High-purity
CaF2 and K2SO4 salts and Minnesota hornblende
reference material (MMhb-1) having 523.1 ± 2.6
Ma age (Renne et al. 1998) were used as monitor
samples. The neutron Cuence variation was typically *5% caught by inserting of high-purity
nickel wires in both samples and monitor capsules.
The aluminium capsules with samples were inserted in a 0.5 mm thick cadmium cylinder and irradiated in the heavy-water-moderated DHRUVA
reactor at the Bhabha Atomic Research Centre
(BARC), Mumbai, for *100 hrs or more. The
aluminium foil was required to repack of irradiated
samples that loaded on the extraction unit of a
Thermo Fisher ScientiBc noble gas preparation
system. Argon gas was extracted in steps of 30/50/
100°C between 600 and 1400°C in an electrically
heated ultra-high vacuum furnace. The Ti–Zr getters were used for puriBcation, the argon discharged in steps was calculated with the help of
Thermo Fisher ARGUS VI mass spectrometer
(facilitated with Bve Faraday cups Btted with
1011-ohm resistors) located at the National Facility for 40Ar/39Ar Geo-thermochronology facility at
Department of Earth Sciences, IIT Bombay, India.
6. Results
6.1 Geochemistry
The major oxides are represented by higher percentages of SiO2 (78.4–79.6 wt%), Al2O3 (11.7–13
wt%), K2O (3.4–4.4 wt%), Na2O (2–2.6 wt%)
(table 1). Total alkali vs. silica diagram suggests
rhyolitic composition (Bgure 4). REEs pattern
show fractionation of LREE, Cat HREE trend and
pronounced dip of Europium (Bgure 5), trace elements are represented by both high Beld strength
elements (HFSE) and large ion lithophile elements
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(LILE), the previous exhibits lower content of
Sc (2.36–3.09 ppm), Ga (8.90–9.67 ppm), Y
(27.14–29.44 ppm) and Nb (10.14–11.6 ppm)
compared to high enriched LILE, i.e., Rb
(188.6–200.6 ppm), Sr (37.79–41.58 ppm), and Ba
(347.9–375.6 ppm) (table 2).
6.2

40

Ar/39Ar data

Figures 6 and 7 show typical Ar release spectra
during step heating. Table 3 shows their inconsistency with earlier proposed dates for YTT ash
from India and abroad. Gandhigram sample (G2) shows weight plateau age of 0.79 ± 0.02 Ma
(790 ± 0.02 ka) (with 99.73% of 39Ar release),
isochrons and inverse isochron ages of 0.77 ±
0.05 Ma (770 ± 0.05 ka) and 0.77 ± 0.06 Ma
(770 ± 0.06 ka), respectively (Bgure 6). Similarly,
Hudki sample (H-1) yielded plateau age of
0.77 ± 0.05 Ma (770 ± 0.05 ka) (with 49.2% of
39
Ar release). The sample yielded an isochron age
of 0.79 ± 0.09 Ma (790 ± 0.09 ka) and inverse
isochron date of 0.79 ± 0.09 Ma (790 ± 0.09 ka)
with trapping of sub-atmospheric 40Ar/36Ar and
39
Ar/36Ar (Bgure 7). Plateau ages have been
accepted for the samples instead of isochron and
inverse isochron.
The ages are much older than earlier published
ages for YTT ash of Narmada, Son, Jurreru valleys
including presently studied locality, i.e., Gandhigram of Indian peninsula, Tampan and Lenggong
valleys of Malaysia, Indian Ocean, South China
Sea and Toba Caldera (table 3). Initially, Ninkovich et al. (1978) proposed *75 ka age for the YTT
ash of Si Gura Gura locality of Toba Caldera and
the deep ice cores (RC 14-37) of Indian Ocean on
the basis of K–Ar and biostratigraphic dating.
Later, Westgate et al. (1998), based on the geochemical similarities and Bssion track data, proposed that the ash of the Indian peninsula (84 ± 16
and 121 ± 45 ka ages) including Indian Ocean and
Malaysia pertain to YTT tephras. Westway et al.
(2011) also dated the ash of Bori, Morgaon,
Gandhigram and Simbhora localities of Kukadi,
Karha, Purna and Wardha river basins of India
using 40Ar/39Ar technique on glass shards and
suggested 714 ± 62, 809 ± 51, 797 ± 45 and
827 ± 39 ka, respectively, which are approximate
to OTT age (840 ka, Deihl et al. 1987). Mark et al.
(2014) reported 40Ar/39Ar dates of biotite from the
tephras of Jurreru and Son valleys and suggested it
to be of YTT age. Our data shows consistency with
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9
10
11
12
13
14
15
16
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1
2
3
4
5
6
7

Sl.
no.

Morgaon
Bori
Jwalapuram
Kota Tampan Valley
Central Indian Basin
Bengal Fan
Core no. 17962
WCMI
Lake Malawi
Toba Caldera

G-2, Gandhigram
G-3, Gandhigram
H-1, Hudki
H-2, Hudki
Bori
Pawlaghat
Goguparhu

Sample/localities

Purna river basin, India
Purna river basin, India
Purna river basin, India
Purna river basin, India
Kukadi river basin, India
Narmada river basin, India
Vansadhara river basin,
India
Karha river basin, India
Kukadi river basin, India
Jurreru river basin, India
Malaysia
Indian Ocean
Bay of Bengal
South China Sea
Arabian Sea
East Africa
Sumatra

River basin/area

Gatti et al. (2014)
Gatti et al. (2014)
Gatti et al. (2014)
Ninkovich et al. (1978)
Pattan et al. (1999)
Gasparotto et al. (2000)
Buhring et al. (2000)
Pattan et al. (2001)
Lane et al. (2013)
Chesner and Luhr (2010)

This work
This work
This work
This work
Shane et al. (1995)
Shane et al. (1995)
Westgate et al. (1998)

Reference

77.26
77.73
77.73
76.09
76.53
77.20
78.05
76.94
77.24
76.88

78.8
78.8
79.6
78.4
77.00
77.15
77.67

SiO2

0.05
0.05
0.05
0.17
0.07
–
0.05
0.12
0.05
0.09

0.05
0.04
0.03
0.04
0.05
0.06
0.07

TiO2

12.34
12.21
12.28
14.25
12.83
12.85
12.52
12.53
12.41
12.56

11.7
12.4
13
12
12.6
12.65
12.14

Al2O3

0.89
0.88
0.88
0.76
0.96
0.85
0.84
0.88
0.84
0.91

1.0
0.9
0.9
0.8
0.89
0.86
0.89

FeO

0.05
0.06
0.08
0.05
0.08
–
0.07
0.12
0.07
0.09

0.03
0.04
0.04
0.05
0.07
0.08
0.06

MnO

0.07
0.06
0.05
0.10
0.04
0.07
0.06
–
0.05
0.07

0.04
0.05
0.06
0.05
0.06
0.06
0.05

MgO

0.79
0.81
0.72
1.05
0.82
0.72
0.77
0.83
0.77
0.95

0.8
0.7
0.7
0.8
0.76
0.78
0.75

CaO

3.31
3.28
3.37
2.62
3.27
3.2
2.78
3.40
2.95
3.21

2.0
2.3
2.6
2.2
3.35
3.26
3.24

Na2O

5.24
5.21
5.12
4.82
5.25
5.11
4.86
5.04
5.61
5.23

4.4
4.1
3.4
4.2
5.04
5.07
4.98

K2O

100.00
100.00
100.00
99.91
99.85
100.00
100.00
99.86
99.99
99.99

99.2
99.3
100.3
98.5
99.82
99.97
99.85

Total

Table 1. Major oxide values (in percentage) of glass shards from Gandhigram and Hudki areas and their correlation with other reported data from YTT glass shards of various
locations of continental and oceanic deposits.

J. Earth Syst. Sci. (2021)130:10
Page 7 of 16 10

10

Page 8 of 16

Figure 4. Total alkalis vs. silica (TAS) diagram for the glass
shards depicting rhyolitic composition of the magma (Le Bas
et al. 1986). (G2, G3: Gandhigram, H1, H2: Hudki localities).

Westway et al. (2011), which is unrealistic and
unacceptable for YTT.
7. Discussion
7.1 Geochemical similarities with YTT ash
and mobility of ions in the glass shards
The geochemistry of glass shards is a tool to identify
the source of Bne pyroclastic material which
travels thousands of kilometers, identiBcation of
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various eruption episodes and correlations (Lowe
2011; Watson et al. 2017). A comparative study of
major oxide data of studied samples clearly reveal a
consistency with the data available from Narmada
(Shane et al. 1995), Vansadhara (Westgate et al.
1998), Kukadi (Shane et al. 1995; Gatti et al. 2014)
Karha (Gatti et al. 2014) and Jurreru valleys of
Indian peninsula (Gatti et al. 2014); Malaysia
(Ninkovich et al. 1978); East Africa (Lane et al.
2013) Indian Ocean (Westgate et al. 1998; Pattan
et al. 1999; Jayaprakash et al. 2009), Bengal Fan
(Gasparotto et al. 2000), South China Sea (Buhring
et al. 2000; Song et al. 2000; Liang et al. 2001; Liu
et al. 2006), Arabian Sea (Pattan et al. 2001) and
Toba Caldera (Shane et al. 1995; Westgate et al.
1998; Chesner and Luhr 2010; Smith et al. 2011)
(Bgure 8; table 1). However, variability in Na2O,
K2O and SiO2 have been noticed which might
indicate mobility as a result of weathering. Noble
(1967), Jezek and Noble (1978) and Tsong et al.
(1978) suggested that sodium, potassium and silica
in the glassy materials of volcanoes may alter
during the diagenesis process. However, Al, Fe and
Ca may remain immobile and show little variations
due to post-depositional processes. Experimental
studies of glass shards at 25°C (White 1983) suggest that variations of immobile elements in aqueous environmnt are mostly due to weathering
processes. Coulter et al. (2009) also suggest that
both mobile and immobile oxides in the glass
shards can be inCuenced by post-eruption changes.
Post-depositional changes in the glass shards of

Figure 5. Chondrite normalized REE patterns of the studied samples and their comparison with others shows negative
Europium anomaly (Nakamura 1974). (1, 2, 3 and 4, i.e., G-2, G-3, H-1 and H-2, respectively (present work); 5: Pawlaghat,
Narmada river basin; 6: Bori area, Kukadi river basin; 7: Ramnagar, Son valley; 8: Ocean Drilling Program, Indian Ocean;
9: Serdang, Selangor, Malaysia; 10: Toba Caldera, Sumatra (Shane et al. 1995; Westgate et al. 1998); 11: Jwalapuram, Jurreru
valley (Smith et al. 2011).
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Table 2. Representations of trace elements (in ppm) in the glass shards from the study areas and its comparison with certain other
localities. (1, 2, 3 and 4, i.e., G-2, G-3, H-1, and H-2, respectively (present work); 5: Pawlaghat, Narmada river basin; 6: Bori
area, Kukadi river basin; 7: Ramnagar, Son valley; 8: Ocean Drilling Program, Indian Ocean; 9: Serdang, Selangor, Malaysia;
10: Toba Caldera, Sumatra (Shane et al. 1995; Westgate et al. 1998); 11: Jwalapuram, Jurreru valley (Smith et al. 2011).
Locality

4

Narmada
5

Kukadi
6

Son
7

Indian Ocean
8

Malaysia
9

Toba
Caldera
10

Jurreru
11

2.36
8.90
199.9
47.94
28.98
11.6
7.84
355.9
26.52
51.26
5.02
20.21
3.36
0.36
2.82
0.54
3.23
0.58
1.91
0.34
2.9
0.48
26.42
3.99

1.7
–
213
48
30
16
8
376
27.28
52
5.81
20.1
4.13
0.43
4.02
0.71
4.65
1.02
3.02
0.51
3.52
0.61
29.5
5.4

2.5
–
213
48
29
14.9
7.6
439
28.4
53
5.9
19.6
4.12
0.41
3.81
0.67
4.56
0.98
2.83
0.49
3.34
0.57
28.1
4.99

–
–
220
35
31
12
8.26
271
24.1
47
5.3
17
4.23
0.35
3.93
0.67
5.03
1.13
3.2
0.47
4.08
0.46
28.4
5.04

–
–
247
42
30
15.3
8.51
370
27.25
53
5.82
20.3
4.18
0.6
5.72
0.86
4.41
1.03
3.07
0.56
3.81
0.63
29.7
5.39

2.5
–
240
36
32
16.4
7.52
236
21.35
42
4.73
17
3.63
0.36
4.72
0.82
5.46
1.16
3.59
0.64
3.9
0.67
25.4
4.82

–
–
265
28
39
12.2
9.51
117
20.35
40
4.92
18.2
4.21
0.3
4.92
0.92
6.25
1.35
3.9
0.77
4.88
0.88
30.3
6.04

–
–
234
42
36
15.8
9.6
345
27.5
51.3
5.6
21.5
4.6
0.4
4.8
0.4
5.6
1.2
3.8
0.6
4.5
0.7
33.2
5.2

Purna river basin

Sl.
no.

Element

1

2

3

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Sc
Ga
Rb
Sr
Y
Nb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Th
U

3.09
9.59
188.6
41.58
27.82
10.24
7.35
347.9
27.11
50.25
5.04
20.1
3.1
0.32
2.68
0.5
3.05
0.52
1.7
0.29
2.74
0.45
24.11
3.57

2.33
9.67
187.6
37.79
27.14
10.14
7.19
357.7
27.5
50.8
5.12
20.3
3.15
0.329
2.62
0.49
2.94
0.5
1.64
0.28
2.68
0.45
24.4
3.54

3.01
9.03
200.6
48.14
29.44
11.5
7.77
375.6
27.15
51.8
5.24
21.31
3.6
0.4
3.05
0.57
3.41
0.6
1.97
0.35
2.94
0.48
26.21
4.06

YTT ash from Kukadi, Karha and Jurreru valleys
have also been reported by Gatti et al. (2014).
The REEs in the glass shards are represented
by enrichment of LREE, depleted HREE and
negative Europium anomaly. The same characteristics of the REEs have been reported for YTT
ash of continental and Ocean basins including
Toba Caldera (Bgure 5). The HFSE and LILE in
the samples also follow the same trends as of the
other YTT ash in various parts of south Asian
continents. Ga, Sc, Nb and Y show comparatively low concentration, whereas, Rb, Sr, and Ba
show enrichment as similar to others (table 2).
Ba and Rb in the studied samples show good
correlation like in other YTT tephra from Indian
peninsula and elsewhere, viz., Indian Ocean,
South China Sea, Malaysia and Toba Caldera
(Shane et al. 1995; Westgate et al. 1998; Smith
et al. 2011) (table 2).

7.2 InCuences of post-depositional
and magmatic processes on argon
and alkalis
Several studies suggest that mobility of K and/or
Ar in volcanic products by secondary and magmatic processes produce unreliable ages (Clay et al.
2015; Flude et al. 2018). The dates carried out by
40
Ar/39Ar technique for present samples also
demonstrate older ages of the glass shards, i.e.,
790 ± 0.02 and 770 ± 0.05 ka from Gandhigram
and Hudki localities, respectively. The Gandhigram locality has already been dated as 84+16
through Bssion track revealing YTT aDnity
(Westgate et al. 1998) and also older age of
790 ± 45 ka by 40Ar/39Ar technique (Westway
et al. 2011). These inconsistent dates established
through 40Ar/39Ar technique for YTT tephra
might be due to mobile nature of argon isotopes
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Figure 7. Plots showing weight plateau age (A) with total
fusion ages, i.e., normal isochron (B) and inverse isochron (C)
for the Hudki area.

Figure 6. Plots showing numerical weight plateau (A),
normal isochron (B) and inverse isochron (C) ages for the
Gandhigram area.

and alkalis in the melts or, glass shards during
magmatic fractionation and post-eruption processes. Krummenacher (1970) Brst reported that
the variations of argon isotopes in the glassy

material of tephra take place due to trapping of
sub-atmospheric 40Ar/36Ar in the magma during
its crystallization or, isotopic fractionation. He
further interpreted that the low ratio of initial 40Ar
can be trapped in the material at the time of
increasing atmospheric 36Ar during isotopic mass
fractionation or, inheritance of non-atmospheric
contaminations within magma products. Variations between initial 40Ar and atmospheric 36Ar in
the glassy products of volcano produce older dates
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Table 3. Results of dating carried out through various techniques on the glass shards of YTT showing inconsistency in ages
including the present attempt.
Sl. no.
1
2
3
India
4
5
6
7
8
9
10
11
Our dates
12
13

Locality

Material

Age (ka)

Author

K–Ar
Ar/39Ar
40
Ar/39Ar

Whole rock
Sanidine
Biotite

75
74.2 ± 0.9
72.6 ± 7.2

Ninkovich et al. (1978)
Mark et al. (2014)
Mark et al. (2014)

Pawlaghat, Narmada valley, India
Gandhigram, Purna valley
Gandhigram, Purna valley
Simbhora, Wardha valley
Bori, Kukadi valley
Morgaon, Karha river
Jwalapuram, Jurreru valley
Ghoghara, Son valley

Fission track
Fission track
40
Ar/39Ar
40
Ar/39Ar
40
Ar/39Ar
40
Ar/39Ar
40
Ar/39Ar
40
Ar/39Ar

Glass shards
Glass shards
Glass shards
Glass shards
Glass shards
Glass shards
Biotite
Biotite

121 ± 22
84 ± 16
797 ± 45
827 ± 39
714 ± 62
809 ± 51
73.9 ± 4.4
72.7 ± 4.1

Westgate et al. (1998)
Westgate et al. (1998)
Westway et al. (2011)
Westway et al. (2011)
Westway et al. (2011)
Westway et al. (2011)
Mark et al. (2014)
Mark et al. (2014)

Gandhigram, Purna valley
Hudki, Purna valley

40

Glass shards
Glass shards

790 ± 0.02
770 ± 0.05

Present study

Sumatra, Indonesia
Haranggoal, Indonesia
Haranggoal, Indonesia

Method
40

40

Ar/39Ar
Ar/39Ar

Figure 8. The binary plot between SiO2 and K2O showing
uniform trend of values of the glass shards from studied
localities (1–4) and other areas including Toba Caldera (5–17).
1, 2: Gandhigram; 3, 4: Hudki (present work); 5: Bori area,
Kukadi river basin (Shane et al. 1995); 6: Pawlaghat, Narmada
river basin (Shane et al. 1995); 7: Goguparhu, Vansdhara river
basin (Westgate et al. 1998); 8: Morgaon, Karha river basin
(Gatti et al. 2014); 9: Bori area, Kukadi river basin (Gatti
et al. 2014); 10: Jwalapuram, Jurreru valley (Gatti et al. 2014);
11: Kota Tampan valley, Malaysia (Ninkovich et al. 1978); 12:
Central Indian Basin, Indian Ocean (Pattan et al. 1999); 13:
Bengal Fan, Bay of Bengal (Gasparotto et al. 2000); 14: Core
no. 17962-South China Sea (Buhring et al. 2000); 15:
WCMI-Arabian Sea (Pattan et al. 2001); 16: Lake Malawi,
East Africa (Lane et al. 2013); 17: Sumatra, Toba Caldera
(Chesner and Luhr 2010).

through 40Ar/39Ar or K–Ar techniques. Kaneoka
(1980) supported the same hypothesis as the variations in the values of argon isotopes may lead to
inconsistency in 40Ar/39Ar or, K–Ar dating due to
mass fractionation of atmospheric values. He suggested that the mixing of rare atmospheric gases in
the magma chamber, passed via Bssures or, cracks
in the rocks, are expected to fractionate with the
magma or, its gases which get trapped in the
products of the same. Use of these fractioned
products will surely produce unwanted results
through both K–Ar and 40Ar/39Ar techniques.
Kelley (2002) noted the diffusion of argon isotopes,
i.e., magmatic and atmospheric produce heterogeneity in the composition of the same as well as
40
Ar/39Ar data.
The 40Ar/39Ar data of present study indicate
probable loss of argon isotopes or ion exchange in
the glass shards during interaction of glass shards
with river water leading to hydration that breaks
the internal structures or, bonding of the same.
These structures trap noble gases which can escape
or lost, as well as, exchange the ions during the
hydrations process. Dating through 40Ar/39Ar
technique of these materials might have produced
older ages. The idea of exchanges of elements in
rhyolitic glass shards by water interaction was
proposed by Cerling et al. (1985) for KGF tuAs
of Kenya. They suggested that escape of argon
gases and exchanges of Na+ and K+ ions of
the glass shards occur due to interaction of ash
with low temperature meteoric water leading to
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destabilizing of the structures of the same. Glass
shards with these changes will produce spurious
and older data by using of K–Ar and 40Ar/39Ar
techniques. Cerling et al. (1985) suggested various
processes responsible for the said changes in the
internal structures of glass shards, i.e., (i) mobile
behaviour of potassium during post-depositional
processes, i.e., hydration, (ii) Ar isotopic fractionations within magma products, and (iii) trapping of
sub-atmospheric Ar in the melts during magmatic
fractionation. McDaougall and Harrison (1988)
also carried out 40Ar/39Ar and K–Ar dating of
obsidian of rhyolitic magma and suggested that the
silicic magma is characterized by having isotopic
balance of both initial and atmospheric Ar during
fractionation of the same inside magma chamber
and after its cooling. They marked that if magma
cools rapidly, compared to diffusion rate of Ar,
kinetic fractionation would imbalance the proportion of Ar isotopes in the equilibrium, therefore,
volcanic products will be discriminated with the
same isotopes. Morgon et al. (2009) reported spurious results of 40Ar/39Ar dates of archaeological
obsidian from Middle Awash, Ethiopia and reported that hydration process has inCuenced K and Ar
of the same, therefore, 40Ar/39Ar technique has
produced very old age of the same material. They
interpreted that the hydration process tends to
depend on geochemistry and H2O content of the
shards.
The glass shards of the present study exhibit
predominance of bubble wall morphology which
may produce recoiling of 39Ar during step heating.
Paine et al. (2006) analyzed platy shaped biotite
crystals and bubble wall shaped glass shards to
minimize the recoiling of 38Ar/37Ar; however,
study concluded that the recoiling of the same is
ubiquitous in these grains. High surface area to
volume ratio of glass shards possess high recoiling
during neutron irradiation (Jourdan et al. 2007).
Morgon et al. (2009) also reported recoiling of Ar in
the obsidian during neutron irradiation which
destroys the silicic shards and further pointed out
that shape and size of glass shards in ash particularly bubble wall (\10 lm) are unable to provide
precise 40Ar/39Ar data due to unsuitable conditions
of time–temperature–groundwater chemistry. Clay
et al. (2015) generated 40Ar/39Ar data on rhyolite
obsidian from Pleistocene–Holocene aged sub-aerial and sub-glacial glassy volcanic rocks, Iceland
and concluded that volatile concentrations in the
glassy material of volcano, represented mainly by
H2O, CO2, F, Cl and S fatally aAect the 40Ar/39Ar
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data, therefore, provides spurious or old age. Flude
et al. (2018) marked the inconsistency in 40Ar/39Ar
data of obsidian form Cochetopa Dome, San Juan,
USA, due to heterogeneity of argon isotope. They
suggested the mixing between degassing of initial
Ar and atmospheric Ar mobilize the composition of
argon isotope of the obsidian that may produce
older dates. Besides, Flude et al. (2018) suggested
two different processes responsible for increase of
40
Ar in the volcanic products, i.e., (i) fractionation
of initial 40Ar during injection of magma and (ii)
isotopic fractionation leading to the decrease of
36
Ar over 40Ar.

7.3 Preservational conditions and climate
Toba tephras across the Indian peninsula including
studied basin are preserved mostly in the river-cut
settings. Generally, both primary and reworked
tephras occur as single lithounit together or, either
of them preserved at a short distance; however,
show remarkable contrasts with the overlying and
underlying sediments (Acharya and Basu 1993;
Srivastava and Singh 2020; Srivastava et al. 2020).
In the studied basin, the ash are hosted in the Bne
sandy to silty-clay lithounits constituting mostly
the middle part of the lithocolumn. These tephra
units, exposed at both the localities, show sharp
contacts with overlying and underlying beds. The
depositional attributes of the tephra at Gandhigram site show its reworking as transportation for
little distance in low energy environment of
depositing medium before Bnal settling. Yellowish
brown colour of this ash would be due to percolation of water from the host sediments. Hudki area
representing primary ash seems to be settled
directly from the atmosphere and do not bear any
sign of reworking and redeposition. Gatti et al.
(2011) reported that the primary ash in the Son
valley is light gray, Bne grained and 4–5 cm thick,
whereas, the reworked ash is characterized by
preservation of various sedimentary structures,
i.e., cross ripples, groove cast, parallel laminations
and Cume structure. These ash show sharp lower
and upper contacts. Lewis et al. (2012), on the
basis of particle size distribution of ash bearing
sediments of Son valley, suggested that the primary ash is Bne grained having dominance of Bne
silt size grains, whereas, the reworked ash contains
Bne sand to coarse silt size grains. Biswas et al.
(2013) suggested that the ash at Ghoghara and
Khunteli sections of the same valley were reworked
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with pre-tephra sediments, whereas, the primary
ash was deposited in shelter place.
The pre-tephra successions of Purna alluvial
basin also record significant evidences of Coral and
faunal activities. These records represented by
rhizospheres, root casts, rhizolith balls and ant
traces are preserved in the underlying paleosol
lithounits and occasionally, associated with overlying ash bearing horizons (Srivastava and Singh
2019a, b). These climatic proxies might have a
relation with the volcanic clouds formed in the
atmosphere due to YTT eruption and the duration
before fallout of ash on the ground aAecting the
climate as proposed by Ambrose (1998). Ambrose
(1998) also asserted that the bottleneck of living
population and devastation of vegetation in South
Asia occurred during and after the YTT eruption
due to formation of volcanic ash cloud in atmosphere that prevented the sun radiation to reach on
the earth surface, leading to induction of volcanic
winter for 6 yrs. At the same time, combination of
SO2 with the H has formed H2SO4 that further
fallen down alongwith volcanic ash on the living
habitation on the earth surface in the form of acid
rains. These two catastrophic events, i.e., volcanic
winter and acidic rains were responsible for
destruction of vegetation and mass population.
During the volcanic winter, the temperature of
South Asia is interpreted to be between *5 and
15°C, which is less than the average temperature
(Rampino and Self 1992, 1993; Rampino and
Ambrose 2000). Williams et al. (2009) and Williams (2012) reported isotopic composition of carbonate nodules from Son valley and suggested
growth of forests in the lakes and swamps before
YTT eruption. They concluded that C3 forests
were transformed into C4, wood to grassland in
Indian peninsula due to change in climate because
of YTT eruption.
8. Conclusions
The ash at Gandhigram and Hudki localities are
preserved as pocket and discontinued bed in the
yellowish brown, laminated silty clay lithounits
and consist predominantly of glass shards with
bubble, blocky and pumice morphologies, minor
occurrences of minerals and Bne-grained unidentiBed admixture.
1. Three different lithofacies, i.e., (i) reddish-yellowish-brown, massive silty clay, i.e., paleosol
(P) facies, (ii) calcretized gravel bed, i.e., planar

cross stratiBed gravel (Gp) facies and (iii)
yellowish brown, laminated silty clay lithounits,
i.e., Bne laminated silt mud (Fl) facies have
been identiBed, that indicates lacustrine and
Cuvial environments of deposition.
2. Major oxides, minor and trace elements of glass
shards suggest compositional similarities with
the YTT ash of continental deposits of India
and Malaysia including Toba Caldera. Besides,
rhyolitic nature and characteristics negative
Europium anomaly of the same are also correlatable with the YTT glass shards.
3. 40Ar/39Ar data of glass shards of both Gandhigram and Hudki localities demonstrate
790 ± 0.02 and 770 ± 0.05 ka ages, which are
unacceptable for YTT ash of Indian peninsula
and other places including Toba Caldera. These
ages of glass shards have probably been aAected
by the mobile nature of K and/or, Ar isotopes in
the glass shards during post-depositional processes and recoiling of 39Ar during irradiation.
Isotopic fractionation of the magma in chamber
or its transportation on earth surface got
absorption of sub-atmospheric argons that
might have inCuenced 40Ar/39Ar data of the
material.
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