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Cryptotephra subsampling techniques were used to identify a high concentration (c. 700 shards/g) of glass shards
within the Yellow Marsh sediments in northwest Tasmania, Australia. Radiocarbon dating from the overlying
sediments coupled with geochemical analysis of the glass shards indicate their similarity to the Kawakawa-
Oruanui Tephra (KOT), derived from the Oruanui supereruption of 25,568 + 232 cal yr BP (+2sd) from the
Taupo Volcanic Zone, New Zealand. Although cryptotephra from this eruption has previously been identified in
Antarctica and modelled to have been transported over parts of southern and eastern Australia, to date glass
shards from this eruption have not been identified in Australia. If the correlation of the cryptotephra to the
Oruanui supereruption is correct, this finding has the potential to allow Last Glacial deposits in the SW Pacific
(including those in Australia, New Zealand and Antarctica) to be irrefutably linked.

1. Introduction
1.1. Background

The pioneering characterisation and mapping of tephra isopachs in
New Zealand by Vucetich and Pullar (1964, 1969), and Pullar (1967)
demonstrated how dated tephra deposits from large eruptions can serve
as chronological markers in terrestrial deposits. Later chemical finger-
printing of glass shards (e.g., Howorth and Rankin (1975), Kohn (1979),
Froggatt (1983), Lowe et al. (2008, 2013, 2017), and Shane (1994,
2000), Shane et al. (1996, 2006), and most recently Hopkins et al.
(2021a, 2021b)), coupled with greater precision of modern dating
methods (e.g. Hogg et al. (1987; Lowe et al., 2008; Matchan et al., 2020;
and Hogg et al. (1987, 2019)) has assisted in the identification and
correlation of tephra in a range of deposits including peats, lake sedi-
ments, marine sediments and ice cores. Identification and correlation of
such widespread chronological marker horizons have applications for
determining past climatic and environmental conditions, and relative
ages through sedimentation rate estimates (e.g., Ninkovich, 1968;
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Ninkovich et al., 1978; Alloway et al., 2005; Narcisi et al., 2010; Dunbar
and Kurbatov, 2011; Abbott and Davies, 2012; Lowe et al., 2013, 2017).

The largest explosive volcanic eruptions producing volumes of py-
roclastic deposits of more than 1000 km® are termed supereruptions
(Alloway et al., 2007; Miller and Wark, 2008; Dunbar et al., 2017). The
New Zealand Oruanui supereruption from proto-Lake Taupo is the
world’s youngest supereruption (Wilson, 2001, Fig. 1A), and the largest
globally since the eruption of Mt Toba (Sumatra) at c. 75 ka (Ninkovich
et al., 1978). It produced c. 430 km? of fall deposit referred to as the
Kawakawa-Oruanui tephra (KOT), 320 km? of pyroclastic density cur-
rent material and 420 km® of primary intracaldera deposits (Wilson
et al., 2006) resulting in the formation of the Oruanui caldera (Barker
et al., 2021). The Oruanui eruption is well dated, with the most recent
value reported by Muscheler et al. (2020) of 25,335-25,800 cal yr BP
(median 25,568 + 232 cal yr BP + 2sd). This value is a recalculation of
the age published by Vandergoes et al. (2013), using updated SHCal20
calibration of Hogg et al. (2020).

Macroscopic tephra deposits from the Oruanui eruption are found
across New Zealand terrestrially (e.g., Campbell, 1986, Pillans et al.,

Received 7 April 2024; Received in revised form 30 June 2024; Accepted 24 July 2024

Available online 14 August 2024

0277-3791/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:jenni.hopkins@vuw.ac.nz
www.sciencedirect.com/science/journal/02773791
https://www.elsevier.com/locate/quascirev
https://doi.org/10.1016/j.quascirev.2024.108856
https://doi.org/10.1016/j.quascirev.2024.108856
https://doi.org/10.1016/j.quascirev.2024.108856
http://crossmark.crossref.org/dialog/?doi=10.1016/j.quascirev.2024.108856&domain=pdf
http://creativecommons.org/licenses/by/4.0/

J.L. Hopkins et al.

1993, Vandergoes et al., 2013 North and South Islands), in lake sedi-
ments (e.g., Newnham et al., 2004, Lake Omapere, northernmost North
Island; Peti et al., 2021, Auckland maars), on the Chatham Islands ~900
km east of South Island (Holt et al., 2010) and in offshore cores (e.g.,
Alloway et al., 2005, IODP cores; Ronge et al., 2016; Schwarze et al.,
2022, Sonne cores; Pank et al., 2023, IODP cores). In addition crypto-
tephra deposits (those that are invisible to the naked eye) were identi-
fied within the WDCOG6A ice core in Antarctica by Dunbar et al. (2017).
Using the Ash3D system, Dunbar et al. (2017, their Fig. 5) modelled the
dispersal of volcanic material from the Oruanui eruption, showing not
only that ash would fall over Antarctica, but also over eastern Australia
after 3 days, and over northern and southern Australia (including
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Tasmania) after 1-2 weeks.

No rhyolitic supereruptions of Quaternary age have occurred in
Australia. However, volcanoes that were active on the Australian
continent during the Quaternary include: Tower Hill (Victoria) at c.
35-37 ka BP (Fig. 1B; Sherwood et al., 2004; Matchan et al., 2020), Mt
Gambier and Mt Schank (South Australia) at c. 5 ka BP (Fig. 1B; Sheard
et al., 1993; Lowe and Palmer, 2005; Gouramanis et al., 2010). Erup-
tions from these volcanoes were basaltic in geochemistry, and crypto-
tephra in the form of dark-coloured glass shards have been found in
Holocene sediments in Lake Keilambete, 200 km east of Mt Gambier and
Mt Schank (Fig. 1B; Smith et al., 2017). The study by Smith et al. (2017)
also identified clear volcanic glass shards in the Holocene (<c. 10 ka BP)
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Fig. 1. (A) Location map of New Zealand in relation to Tasmania including the location of the Taupo Volcanic Centre in central North Island, New Zealand. (B)
Location of Yellow Marsh, Tasmania, and the active Quaternary volcanoes in southern Australia.
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sections of their core, suggesting a range of possible sources including
New Zealand, Papua New Guinea, South America and Indonesia. How-
ever, no further investigation (e.g., geochemical analysis) was under-
taken on these clear glass shards due to their small size fraction and low
concentrations, therefore the shards’ source remains unknown. In
contrast, Coulter et al. (2009) were the first to identify and characterise
rhyolitic glass shards in Australia. These were found at Lynch’s Crater,
northeast Queensland, and dated to MIS5a, c. 75-90 ka. On the basis of
the shards’ geochemistry, potential sources of this tephra were consid-
ered: New Zealand and the Kermadec Islands, Indonesia and Papua New
Guinea (PNG). PNG was concluded to be the most likely source, spe-
cifically eruptions from New Ireland Basin dated at c. 70.4 ka (Coulter
et al., 2009), however, these authors noted that a lack of geochemical
data for glass shards from some eruptions in this region meant the results
of their study were inconclusive.

Despite the lack of Quaternary-age rhyolitic volcanoes in Australia,
as discussed above, other distal eruptions during this time period could
be responsible for depositing glass shards terrestrially in Australia.
Identifying, dating and correlating these rhyolitic cryptotephra could
provide useful isochronous marker horizons for Australian chronolog-
ical and stratigraphic studies.

1.2. Previous work

In 2017 a core of peaty and alluvial sediment was extracted from
Yellow Marsh (—41.482652°S, 145.784730°E, 685 m altitude) in the
upper catchment of the Medway River, northwest Tasmania (Fig. 1B).
The surrounding terrain is a basalt plateau of Palaeocene origin (Everard
et al., 2004) on which the predominant soils are strongly weathered
Ferrasols (pH 5.8-6.0; Oonah soil type, Hill et al., 1995). Preliminary
research on this core was undertaken by Vink (2018), who noted the
changes in the pollen record across the transition between the Last
Glacial Maximum and the Holocene. The core revealed 2.2 m of peat
overlying weakly stratified silty clay interpreted by Vink (2018) to be
shallow lake sediments. Several radiocarbon ages of <13 ka BP obtained
within the overlying peat confirmed its Holocene origin. Megaspores of
Isoetes (an aquatic plant predominantly found on silty sediments in
shallow lakes or slow-moving rivers (Garrett, 1996; see also https
://www.utas.edu.au/dicotkey/dicotkey/ferns/glsoetes.htm) extracted
from the lake sediments at 2.45-2.48 m depth were AMS dated (sample
0ZX406) to 23,520 + 90 yr BP (Vink, 2018), which when calibrated
(OxCal 4.4.(172); SHCal20) gives a range of 27,830-27,429 cal yr BP
with a median of 27,630 cal yr BP. Palynological examination of this
section of core showed a dominance of grass (Poaceae) and daisy
(Asteraceae) taxa indicating glacial conditions at this site at c. 27.6 cal
ka BP. In addition, pollen from Tubulifloridites pleistocenicus (Spineless
Asteraceae) was identified, a species known to have gone extinct in this
region during the transition to the Holocene (De Deckker et al., 2019).
During palynological investigations angular, clear volcanic glass shards
were identified in the depth increment 2.48-2.50 m within the core.
Further investigation was required to concentrate these glass shards and
analyse them to identify their likely source.

2. Methods
2.1. Field sampling and sample preparation

To obtain sufficient samples for glass shard extraction and concen-
tration we obtained a new core from within 2 m of the original core
location described by Vink (2018). The core was extracted using a 5
cm-diameter hand auger to open a hole to 2 m depth; subsequently a 90
cm gouge auger was inserted to obtain an undisturbed core sample from
2.0 to 2.9 m depth. The core was sub-sampled at depth increments of 2
cm. These bulk samples were split in two, with half retained for
geochemical analysis and half used for cryptotephra analysis (after
Blockely et al., 2005). For the cryptotephra processing, organic matter
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was removed using the standard 10% HCI treatment (e.g., Gehrels et al.,
2006, 2008 and references therein). Samples were then sieved to size
fractions <30 pm, 30-90 pm, 90-125 pm, and >125 pm. Sieved samples
were examined under a petrologic microscope (Fig. 2) to identify the
size fraction with the highest concentration of glass shards, which was
found to be the 30-90 pm size fraction (no glass shards were identified in
the size fractions >90 pm). Glass shards from the 30-90 pm size fraction
were weighed, concentrated, and extracted from the bulk sample using a
sodium polytungstate separation techniques (after Blockley et al., 2005):
a liquid density of 2.0 g/cm® was used to remove sediments lighter than
the glass shards, and a liquid density of 2.5 g/cm® was used to remove
the shards. Concentrated glass shards sampled were then rinsed,
mounted on microscope slides and (where possible) counted and con-
centrations calculated. In some cases sections of the slides contained
high concentrations of sediment (Fig. 2C) which meant counting was
challenging, or too much sediment was extracted to fit on a single slide.
In these circumstances a proportion of the slide was counted (reported in
Table SM1), then, based on the assumption that this proportion of the
slide was representative of the whole slide, the shard concentration for
the whole slide was calculated. Where a sample was split across multiple
slides, the slides (A, B, C etc reported in Table SM1) were counted
individually and the shard number summed to calculate the total shard
concentrations. The initial sample weight was then used to calculate the
shard/g concentration.

2.2. Geochemical analysis

Once the cryptotephra peak was identified, the half sample retained
for this depth for geochemical analysis was sieved to 30-90 pm,
mounted in epoxy then analysed for major element concentrations using
a JEOL JXA8230 electron probe microanalyser (EPMA) at Victoria
University of Wellington, New Zealand, using methods after Hopkins
et al. (2021a) (full analytical conditions can be found in SM Table 2.1).
Glass shards were identified by their shape (usually cuspate, angular,
and elongate with low vesicularity), size (small in comparison to other
mineral grains) and appearance (smooth surface and clear in colour)
using the optical microscope (OM) monitor, coupled with a 10 s
Energy-dispersive X-ray Spectrometer (EDS) geochemical analysis.
Backscatter Electron (BSE) images were taken of all the shards analysed
(see example Fig. 2D). Following a positive preliminary identification of
a glass shard, a wavelength dispersive spectrometer (WDS) analysis was
set up for accurate major element analysis of individual glass shards (see
SM Table 2.1). Defocused circle beams of 10 pm (runs 1 and 2) and 5 pm
(run 3) were used at 8 nA and 15 kV to analyse major elements as oxides.
A range of standards including VG-A99, TiO2, VG-568 and MnO were
used for calibration. During standardisation, Na,O was run twice,
skipping the peak search the second time to reduce volatalisation of the
element during analysis. Table SM2.1 shows all standardisation infor-
mation and run times (after Wallace et al., 2022). During analysis
VG568 was run as a primary standard and used for internal calibration of
the results and ATHOG was run as a secondary standard. All standard
data are reported in Table SM2.2. Accuracy was measured as the per-
centage offset from the reference value of the secondary standard, which
for all analyses was <0.8 %, except for Cl in run 1 (3.18 %). Precision for
all analyses was <0.6 wt%, except for NapO in run 1 (2.07) and run 3
(0.95). Samples with totals <90 wt% were removed (but reported in
Table SM Table 4), with the remaining results corrected to 100 wt%,
with the difference reported as “H,Op”. Trace element analysis was not
undertaken on these samples as the glass shards were deemed too small
to produce accurate or precise enough results. In addition, Hopkins et al.
(2021a) reported that the large rhyolitic eruptions from New Zealand
during this time window show “indistinguishable major elements ... and
very similar trace elements”, therefore trace elements would not
necessarily aid the geochemical distinction of sources.


https://www.utas.edu.au/dicotkey/dicotkey/ferns/gIsoetes.htm
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Fig. 2. A. Graph showing glass shard counts for depth increments from the second Yellow Marsh core (details reported in SM Table 1). B. Plain light microscope
image of a glass shard identified on a cryptotephra slide after extraction and concentration of shards. Note the numerous other sediment clasts on this slide. C. Optical
image of a glass shard found at 2.48 m depth in original Yellow Marsh core described by Vink (2018). D. Example of Backscatter Electron (BSE) microscope image of a

shard analysed by this study.
3. Results
3.1. Cryptotephra concentrations

Counting of cryptotephra shards from the new core showed a peak in
shards for the depth increment 2.48-2.50 m (725 shards/g;
Fig. 2A-Table SM1). Background shard counts for samples below the
peak were <50 shards/g. Slightly elevated shard counts (>50 shards/g)
above 2.48 m were identified with a secondary smaller peak in shard
concentrations (274 shards/g) occurring in the depth increment
2.40-2.42 m (Fig. 2A-Table SM1).

3.2. Shard chemistry

The new Yellow Marsh cryptotephra glass shards show a range of
geochemical compositions (SM Table 3), with SiO5 concentrations in the
range c. 73-77 wt% and a narrow range of NayO + K20 concentrations
of c. 7-8 wt.%, categorising all glass shards as rhyolitic according to Le
Maitre et al. (2002) (Fig. 3). Shards with higher SiO, content (>76 wt%)
have lower FeO; (1.0-1.5 wt%) and TiO5 (<0.2 wt%); conversely shards
with lower SiO, content (<76 wt%) have higher FeO; (>2.0 wt%) and

TiO5 (>0.24 wt%). All shards have a narrow concentration range of all
other oxides (e.g., CaO 1.0-1.8 wt%; MgO 0.1-0.2 wt%; K20 3.0-4.0 wt
%, Fig. 4 and SM Table 3). Some of the analyses showed low analytical
totals (4 analyses of <95 wt%, see SM Table 3). However, due to the size
of the shards (some <10 pm wide, e.g., Fig. 2D) and the subsequent
analysis spot size (5-10 pm), these low totals are likely to be related to
some overlap into the epoxy during analysis (similar observations were
made by Dunbar et al. (2017) and Iverson et al. (2017)).

4. Discussion

Glass shards were found in high concentrations at the same depth
within the new Yellow Marsh core as in the original core (discussed in
Sect. 1.2). It is therefore appropriate to assume that the AMS dates ob-
tained on the Isoetes spores at depths of 2.45-2.48 m from the original
core can be transferred to the same depth within the new core. There-
fore, if no stratigraphic disturbance is assumed, the age of
27,826-27,422 cal BP (median 27,624 cal BP) provides a minimum age
for the cryptotephra deposit.

Proximal eruption sources from Australia during this time period can
be ruled out as they are all basaltic in geochemistry (Mt Gambier and Mt
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Fig. 3. A. Total alkalis vs. silica plot for Yellow Marsh glass shards showing their classification as rhyolitic (after Le Maitre et al., 2002), and reference data from Mt
Gambier and Mt Schank in purple (from Van Otterloo et al., 2014; Smith et al., 2017), Okaia in orange and Poihipi in green (from Hopkins et al., 2021a), Papua New
Guinea (New Britain) in yellow (from Horz et al., 2004; Coulter et al., 2009), and Laguna de Bay caldera and domes in pink (from Wilmot, 2005; Ku et al., 2009).
Reference data for KOT as shown in key. B. Zoomed-in version to show detailed KOT reference data; orange symbols show terrestrial and proximal marine samples,
green symbols show distal marine samples, and blue symbols show samples from Antarctica. All data are from glass shards within tephra deposits except those from
Wilson et al. (2006); Allan (2013), which are glass separates from proximal pumice. Low-Silica Rhyolite (LSR) group signature for the Oruanui eruption from glass
separates from the proximal fall deposit, reported in Allan (2013) and discussed as SiO» < 74 wt% is highlighted, see text for discussion.

Schank, Fig. 3A; Holt et al., 2013; Smith et al., 2017; Lowe et al., 2019).
Potential distal rhyolitic sources include: from New Zealand Okaia (c.
28.5 ka, magma volume c. 3.0 km3; Smith et al., 2005), Poihipi (c. 28.4
ka, magma volume c. 0.5 km?3; Smith et al., 2005) and Oruanui (c. 25.6
ka, magma volume c. 530 km?’; Smith et al., 2005); from New Britain,
Papua New Guinea (PNG) (>50 ka or <25 ka; Horz et al., 2004; Coulter
et al., 2009) and from the Philippines, Laguna de Bay caldera (c. 27-31
ka, unknown magma volume; Catane and Arpa, 1998; Ku et al., 2009).

Neither the ages (Horz et al., 2004), nor the geochemistry (Horz
et al., 2004; Coulter et al., 2009) for the known PNG eruptions match
those of the Yellow Marsh glass shards (Fig. 3A). In addition, although
the ages for Poihipi and Laguna de Bay eruptions are appropriate, the

geochemical composition of the glass shards from the Poihipi (Hopkins
et al., 2021a) and Laguna de Bay (Wilmot, 2005; Ku et al., 2009)
eruptions do not match those of the Yellow Marsh shards (Fig. 3A).
Based on a simple TAS diagram, the geochemistry of the Okaia tephra
correlates to only some of the Yellow Marsh tephra, whereas the KOT
reference glass data correlates to the full range of the Yellow Marsh
cryptotephra (Fig. 3A; Hopkins et al., 2021a; Lowe et al., 2008; Smith
et al., 2005).

In Fig. 4, selected major element data for Yellow Marsh glass shards
are plotted against KOT reference data (full data reported in SM Table 4)
for site-types to allow more detailed investigation of the correlation
including: (1) terrestrial and proximal marine tephra and glass separates
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(Pillans et al., 1993; Alloway et al., 2007; Wilson et al., 2006; Allan,
2013; Ronge et al., 2016; Hopkins et al., 2021a; Schwarze et al., 2022);
(2) distal marine tephra (Alloway et al., 2005; Pank et al., 2023); and (3)
distal cryptotephra found in the Antarctic ice cores (Dunbar et al.,
2017).

The geochemical data presented for the Yellow Marsh cryptotephra
show an affinity to the KOT reference data, however, there is a greater
spread in the Yellow Marsh data than in the most common geochemical
composition presented for many of the known deposits of KOT tephra
(Figs. 3B and 4). This range is seen in SiO5, K20 and CaO values and most
obviously in FeO; (Fig. 4). The range in geochemistry in all elements
most closely reflects the composition range of the lower tephra of
Schwarze et al. (2022), but is also reflective of a very small number of
samples of glass separates presented in Wilson et al. (2006), Allan
(2013), and tephra from Pank et al. (2023) as seen and highlighted in
Fig. 4. The lower tephra identified by Schwarze et al. (2022) was
correlated through AMS **C dating, stratigraphy, and morphology of the
deposit to the KOT, however the “quite complex” anomalous
geochemistry of the deposit was discussed with correlation to alterna-
tive phases of the eruption as identified in proximal, terrestrial studies
(Wilson, 2001; Allan, 2013) being considered, and discussed further
below.

Nine of the 14 (c. 64%) Yellow Marsh cryptotephra glass shards
analysed show a correlation to the KOT reference glass shard signature
(Fig. 3; SiO2 >74 wt%), however only four show a correlation to the
most common signature (SiO >76 wt%), with the five additional shards
(SiO2 <74 wt%) analysed showing an affinity to either a trend line of the
existing reference data with the LSR (Low Silica Rhyolite) group con-
centrations, or a very small number of previously identified KOT de-
posits (Wilson et al., 2006; Allan, 2013; Schwarze et al., 2022; Pank

et al., 2023; Figs. 3 and 4). The main geochemical characteristics of the
Yellow Marsh low-SiOy (<76 wt%) shards is their higher FeO; content,
which falls in the range 2.0-3.1 wt%, similar to the reported values for
glass separates from the LSR (Wilson et al., 2006; Allan, 2013; Allan
etal., 2017) of the early eruptives, rather than the range 1.0-1.5 wt% (of
most of the reference data and the five other Yellow Marsh glass sam-
ples). The low-SiO, shards show a geochemical affinity to a small
number of proximal terrestrial samples (Wilson et al., 2006; Allan,
2013), proximal marine samples (Schwarze et al., 2022), and distal
marine samples (Pank et al., 2023) (Figs. 3 and 4). However, they do not
show an affinity to the cryptotephra shards identified in the distal
Antarctic cores (Dunbar et al., 2017), which have higher SiO, at lower
concentrations of NayO + KyO (Figs. 3 and 4). Fig. 4A shows there are
two apparent trends in the KOT reference data when FeO: is plotted
against CaO, both of which are reflected in our new Yellow Marsh glass
shard data.

Wilson (2001) and Allan (2013) recognise ten major phases of the
Oruanui eruption, which were linked to the development of zones
within the melt body. Phases 3 and 6 were shown to have significant LSR
components, linked to a deeper, hotter, more crystal-rich mush-root of
the magma chamber, but making up <1% of the total erupted material.
As the most explosive and largest phase of the Oruanui eruption was the
high-silica (77-78 wt%) phase 10, and not phases 3 or 6 (Wilson, 2001;
Allan, 2013; Barker et al., 2021) it might seem unlikely that the
geochemical composition of some of the Yellow Marsh cryptotephra
could be explained by an ‘early phase’ contribution. However, model-
ling by Dunbar et al. (2017), showed that tephra from the Oruanui
eruption may have reached eastern Australia directly from across the
Tasman Sea after only a few days, followed subsequently (after about 2
weeks) by an ash cloud carried via the westerly airstream. In addition,
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excavation and transportation of LSR clasts from the earlier eruption
phases, by later explosive phases is conceivable, and supported by the
finding of LSR signature shards in some of the marine core correlatives
(Schwarze et al., 2022; Pank et al., 2023). Similar shard recycling was
also recently identified by Piva et al. (2023) who found an Oruanui
signature cryptotephra shard within a Taupo deposit in the RICE ice
core. It is also possible that previously published tephra geochemical
data omitted analyses (e.g., those with low SiO5 concentrations that
seemed like “outliers”) from data sets, thereby biasing the data to the
high-silica rhyolite signature, and under-representing the LSR signature
in these distal deposits in comparison to the proximal deposits.

If the correlation of the Yellow Marsh cryptotephra to the Oruanui
supereruption is correct, the *C age of Isoetes megaspores from the
original core (c. 27.6 ka BP) would appear to conflict with the age of the
underlying KOT cryptotephra (25.6 ka BP). If we assume, on the basis of
the '4C age of the Isoetes spores, that the cryptotephra glass shards
cannot correlate to the Oruanui eruption, then their most likely origin is
either the Okaia eruption (c. 28.5 ka BP, Peti et al., 2021) or an alter-
native non-NZ eruption. Previous discussions on the geochemistry and
ages of known eruptions from Papua New Guinea or the Philippines
(Fig. 3; Horz et al., 2004; Coulter et al., 2009; Wilmot, 2005; Ku et al.,
2009) suggest they are unlikely to be the source; however, we cannot
rule out a currently unknown eruption from this time period. The Okaia
eruption is apparently the most likely alternative. However, as the Okaia
and KOT are geochemically similar, eruption magnitude and stratig-
raphy must be used to guide our conclusions.

Firstly, the Okaia eruption was relatively small (c. 3.0 km® magma
equivalent erupted material) in comparison to the caldera-forming
Oruanui supereruption (c. 530 km?® magma equivalent erupted mate-
rial). No volcanic material from the Okaia eruption has been found
beyond the New Zealand mainland - it has been identified in Auckland
maar cores, northwest North Island, New Zealand (e.g., Peti et al.,
2021), and in pre-lake deposits at Lake Maratoto, central Waikato re-
gion, northern North Island, New Zealand (e.g., Lowe, 2019) but not in
offshore cores. In comparison, KOT is a key marker horizon found across
New Zealand and in offshore cores and in Antarctica, as described above.
Secondly, if the cryptotephra at Yellow Marsh is derived from the Okaia
eruption, at a shallower depth in the Yellow Marsh core we would expect
to find a much higher concentration of cryptotephra from the Oruanui
supereruption, but such a peak is absent (Vink, 2018).

An alternative explanation for the apparently anomalous date of the
Isoetes spores is that there was some redistribution of old Isoetes spores
when the shallow lake at Yellow Marsh dried out periodically and
became prone to erosion (Vink, 2018, pp. 1 and 21, her Fig. 9). (Pigati
et al. (2023, p. 73) postulated that similar exhumation and redepostion
of Ruppia seeds in a New Mexico lake deposit could lead to anomalously
old Carbon-14 dates for their enclosing sediements sediments.) Metal
distribution determined by ITRAX scan (Vink, 2018, Fig. 9) show peaks
in magnetic susceptibility of Fe, Ti and V at c. 2.47-2.49 cm depth,
suggesting erosion of surrounding basaltic terrain and sediment depo-
sition, and possible redistribution, into a shallow lake basin (dry or
inundated) around 27.6 ka BP. Such redistribution of lake sediments
may also explain the secondary peak of cryptotephra at 2.40-2.42 m
depth. Based on the evidence discussed above we conclude that while
the correlation of the Yellow Marsh cryptotephra to the relatively minor
Okaia eruption or an unknown non-NZ eruption cannot be entirely ruled
out, the correlation of the cryptotephra to the Oruanui supereruption
(and KOT tephra) is more likely.

5. Conclusions

The radiocarbon date and geochemical evidence indicate that the
rhyolitic cryptotephra identified in the Yellow Marsh sediments is most
likely sourced from the Oruanui supereruption of 25,568 + 232 cal yr BP
(£2sd). The geochemistry of a subset of the Yellow Marsh glass shards is
comparable with the range of analyses of KOT at other sites (including
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proximal and distal, terrestrial and marine locations). The anomalous
geochemical compositions, specifically lower SiO9, and higher FeO; and
TiO5 may represent previously identified Low Silica Rhyolites (LSR)
from within the Oruanui eruption geochemical spectra. Although some
questions remain about how glass shards originating from a minor phase
of the eruption have been preserved and deposited at such a distal
location, and the discrepancy between the established KOT age and 14C
dating at Yellow Marsh, the most reasonable conclusion is that the
Yellow Marsh cryptotephra is likely sourced from the Oruanui super-
eruption and if the correlation is valid it provides, for the first time, a
potentially significant tephra marker bed for lacustrine and paludal
deposits in southeast Australia.
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