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Evidence for distal transport of reworked Andean tephra:
extending the cryptotephra framework from the Austral
Volcanic Zone
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Abstract

Cryptotephra deposits (non-visible volcanic ash beds) may extend thousands of kilometres and
provide valuable chronological isochrons. Here, we present a Lateglacial-early Holocene (c. 16,500 cal
yr BP-6,000 cal yr BP) tephrostratigraphy from Hooker’s Point, East Falkland, South Atlantic. This
period spans the last glacial termination across the southern mid-latitudes, a time period during which
the palaeoenvironmental record is poorly resolved in southern South America and the South Atlantic.
The development of a regional tephrostratigraphy will provide chronological constraint for
palaeoenvironmental records from this period. Two cryptotephra deposits from Hooker’s Point are
linked with Mt. Burney, including the early-Holocene MB; tephra, while a third is likely to be derived
from the R; eruption of Reclus volcano. The high shard abundance of these cryptotephra deposits
suggests they extend further into the Southern Ocean, and may act as regional stratigraphic markers
during the Lateglacial. Further peaks in shard abundance are composed of detrital glass (tephra not
derived from primary air fall events), with mixed shard morphologies and geochemically
heterogeneous glass populations. This detrital glass is likely to have been repeatedly reworked by wind
action in the Patagonian Steppe before final deposition in the Falkland Islands. The high abundance of
detrital glass in the Hooker’s Point sequence suggests long distance transport of reworked tephra is
common in this region, and highlights the need to carefully analyse cryptotephra deposits in order to
avoid incorrectly describing reworked tephra as new isochrons. A temporal pattern of shard
abundance is apparent in the Hooker’s Point sequence with a reduction /absence of shards between
14,300-10,500 cal yr BP.

KEYWORDS: Cryptotephra, Falkland Islands, Austral Volcanic Zone, Tephrochronology, Reworking
1. Introduction

Cryptotephra deposits (non-visible volcanic ash beds) provide valuable chronological isochrons, and
insights into tephra transport and dispersal (Jensen et al., 2014; Bronk Ramsey et al., 2015; Plunkett
and Pilcher, 2018). However, few cryptotephras deposits have been described from southern South
America and the South Atlantic; a region affected by strong atmospheric circulation patterns and
frequent explosive volcanism. Contemporary observations suggest tephra from this region may be
deposited across wide areas. For example, ash from the 2011 eruption of the Puyehue-Corddn Caulle
volcanic complex in Chile (Volcanic Explosivity Index; VEI 5) reached the Western Antarctic Ice Sheet
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(Koffman et al., 2017), and caused air traffic disruption in Australia and New Zealand (KlUser et al.,
2012; Alloway et al., 2015). It is therefore likely that the palaeoenvironmental record holds further
examples of distal cryptotephra deposits that may be used to synchronise climate archives and refine
volcanic hazard assessments.

Here, we describe the Lateglacial and early Holocene (c. 16,500-6,000 cal yr BP) tephrostratigraphy
from Hooker’s Point (HP) (51°42'S, 57°47'W), an exposed peat cliff on East Falkland near Port Stanley
(Fig. 1). This period spans the last glacial termination across the southern mid-latitudes, which was
punctuated by abrupt climate events and changes in latitudinal positon and strength of the Southern
Westerly Wind belt (SWW) (Vanneste et al., 2015; Mayr et al., 2013; Moreno et al.,, 2012). The
palaeoenvironmental record from southern South America and the South Atlantic is poorly resolved
during this period (Kilian and Lamy, 2013), with some sites recording uninterrupted warming (Haberle
and Bennett, 2004), while others show dynamic osilations in temperature or precipitation (Garcia et
al., 2012; Mansilla et al., 2018). This inconsistent, often contradictory, climate-record may reflect; i)
differing proxy sensitivities, ii) real spatial-temporal climate variability or iii) chronological uncertainty,
and the establishment of a regional tephrochronological framework will provide chronological
constraint in addressing palaeoenvironmental questions.

The Falkland Islands (Islas Malvinas) are well placed to extend the tephrostratigraphy of southern
South America as they lie beneath the central jet of the SWW (50-55°S), and downwind of the Andean
Southern Volcanic Zone (SVZ; 33-46 °S) and the Austral Andean Volcanic Zone (AVZ; 49-55°S). Since
the last glacial period 74 volcanic centres in these zones are known to have been active (Fontijn et al.,
2014, 2016), and cryptotephra deposits in Isla de los Estados (Unkel et al., 2008), the Falkland Islands
(Hall et al., 2001), South Georgia (Oppedal et al., 2018) and the Antarctic ice cores (Kurbatov et al.,
2006; Narcisi et al., 2012) have been linked with Andean volcanoes. The Falkland Islands are therefore
ideally placed to study palaeo-ash clouds extending from the Southern Andes during the Lateglacial-
Holocene transition.
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Figure 1: The position of sites and volcanoes described in the text. South American volcanoes known to have been active
during the Holocene and Late-glacial are shown as black triangles (Smithsonian Global Volcanism programme, 2018). The
extents of the Andean Southern Volcanic Zone (SVZ) and the Austral Andean Volcanic Zone (AVZ) are based those defined by
Naranjo and Stern, (2004).

2. Materials and methods

2.1 The Hooker’s Point section

The Hooker’s Point peat sequence (51°42'S, 57°47'W), is situated in East Falkland, 3.5 km east of Port
Stanley. The exposed section lies adjacent to Hooker’ Point, immediately behind a small beach, and
extends from around three metres a.s.l. to the cliff top at around eight metres a.s.l. The peat profile
was sampled using a series of 50 cm and 25 cm monolith tins which were pushed into overlapping,
cleaned, cliff sections. Samples beneath the present beach level were obtained using a hand gouge to
a depth of two metres.

2.2 Tephrostratigraphy
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Cryptotephra deposits were identified from continuous 5 cm samples, concentrated using ashing
(Pilcher and Hall, 1992), emersion in 10 % Hydrochloric acid (HCl), and sieving (80 um and 15 um).
Heavy liquid flotation at 2.0 g/cm™ and 2.55 g/cm?3, was used to extract glass shards from the
remaining host material (Turney et al,, 1998), and residues were mounted in Canada Balsam and
counted under a high power microscope. Shard abundance was quantified against the dried sample
weight (shards/gram), as sample densities varied with organic content. Where peaks in shard
abundance were identified, further 1 cm samples were processed and quantified in the same manner
to refine the stratigraphic position of the cryptotephra deposit. The morphological characteristics of
100 glass shards from each cryptotephra deposit were recorded (colour, morphology and long axis
length) and measured using an eyepiece graticule mounted in the high power microscope.

Glass shards from peak cryptotephra concentrations were extracted for electron probe microanalysis
(EPMA) using heavy liquid flotation (Turney et al., 1998) with minor modifications to the method; i)
10 % HCl was not applied as no carbonates were present in the samples, and ii) cleaning floats at 2.0
g/cm3were retained and subjected to additional centrifuge cycles. Between these cycles samples were
carefully stirred to separate glass shards from the organic material. Additional material from
cryptotephra deposit HP_32 was subjected to acid digestion (Dugmore et al., 1992) to increase the
number of shards available for EPMA. Glass shards extracted for geochemical analysis were mounted
in an epoxy resin stub and polished to expose internal glass surfaces before being carbon coated for
EPMA.

The geochemical composition of glass shards were analysed following established protocols (Jensen
et al., 2008) at the University of Alberta, using wavelength dispersive spectrometry (WDS) on a JEOL
8900 superprobe and a Cameca SX-100 electron microprobe. Ten major-minor elements (Si, Ti, Al, Fe,
Mn, Mg, Ca, Na, K, Cl) were measured using a 5 um beam, with 15 keV accelerating voltage, and 6 nA
beam current to minimise Na and K migration during analyses. Two secondary standards, of known
composition, were run concurrently during EPMA to assess analytical accuracy and precision: i) ID3506,
Lipari rhyolitic obsidian, and ii) Old Crow tephra (Kuehn et al., 2011). Results were normalized to 100
% and are presented as weight percent oxides (wt %) in bi-plot diagrams (Fig. 3). Raw major-minor
element glass compositions and associated standard measurements are reported in supplementary
information Appendix B (Tables B1, B2).

2.3 Chronology

A Bayesian age-depth model (Fig 2.) was developed from eight radiocarbon dates (Table 1) using OxCal
4.2.3 (Bronk Ramsey, 2017), and the SHCal13 calibration curve (Hogg et al.,, 2013). A P_Sequence
depositional model was run with outlier detection (Bronk Ramsey, 2009a, 2009b), and a variable k
factor (depositional events per unit length: cm™) (Bronk Ramsey and Lee, 2013). One radiocarbon date
(Beta-241336) suggested a slight age reversal; however, it did not reduce the overall model agreement
to <60 %, and so was retained in the final age-depth model (Bronk Ramsey, 2009a). Calibrated dates
and age ranges are reported at two sigma (95.4 %) confidence throughout this study.

Table 1: Radiocarbon dates from the Hooker’s Point sediment sequence with calibrated two sigma age ranges. Ages were
calibrated using OxCal 4.2.3 (Bronk Ramsey, 2017), and the SHCal13 calibration curve (Hogg et al., 2013).

Laboratory ID Material Depth Radiocarbon age  136C Calibrated age range
Code (cm) (**C yr BP) (%o) (95.4 %) (cal yr BP)
Beta-193400 Bulk (peat) 0-2 5700140 -27.0 6628-6405
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Beta-241334 Plant Macro 42-43 7390440 -29.7 8341-8055

Beta-193401 Bulk (peat) 76 9250480 -26.7 10650-10241
Beta-241335 Plant Macro 90-91 10030+40 -25.0 11749-11330
Beta-241336 Wood 94-95 9940440 -27.0 11602-11242
Beta-193402 Bulk (peat) 100 10370160 -27.3 12517-12000
Beta-241338 Plant Macro 154-155 13320450 -27.1 16217-15822
Beta-193403 Bulk (peat) 168 13630+140 -27.7 16923-16055

3. Results and Discussion

High numbers of glass shards were found throughout large sections of the Hooker’s Point sediment
sequence, with increased tephra abundance between 65-75 cm and 130-174 cm (Fig. 2, A1). Samples
from eight peaks in shard concentration were analysed by EPMA, all of which are composed of high
SiO; rhyolitic glass (Table 2a). Three cryptotephra deposits are linked with volcanic centres in the
Andean Austral volcanic zone (AVZ) based on the major-minor element composition of volcanic glass
and modelled age ranges (Section 3.1). Analyses from further cryptotephra deposits are geochemically
heterogeneous with low analytical totals (not reflected in secondary standards), low Na;O and high
SiO; (Table 2b, Fig. 3). These characteristics are found in heavily weathered detrital glasses (glass
shards not derived from primary air fall events) which are susceptible to Na loss during analysis (Jensen
et al., 2016), and suggest a large amount of reworked glass is present in the Hooker’s Point record.

Position Strat OxCal age-depth model Tephra abundance Loss on ignition Climostratigraphic

[cm)  log (cal yr BP) (shards per gram) at 550 °C (%) zones
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Figure 2: Summary lithostratigraphy, radiocarbon dates, OxCal age-depth model, tephra abundance, loss on ignition (LOI)

and broad climatic zones from Hooker’s Point, Falkland Islands.
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Table 2: Major-minor element composition (non-normalised) of primary (a) and reworked (b) cryptotephra deposits from
Hooker’s Point, shown as mean and one standard deviation (StDev) (n = number of analyses). (c) Bracketing analyses and
recommended values (Kuehn et al., 2011) for secondary standards. (*) Recommended value.

(a)

Sample n Sio; TiO, AlLO; FeOr MnO MgO CaO Na,0O K,0O (i Total
HP_14-17 10 Mean 75.58 0.17 12.81 1.02 0.03 0.26 1.18 4.15 196 0.20 97.32
Pop b. StDev  1.39 0.03 0.22 0.10 0.02 003 0.13 0.27 0.17 0.03 1.79
HP_67 27 Mean 74.94 0.16 12.61 1.04 0.05 0.24 118 4.58 1.80 0.19 96.74
StDev 0.94 0.04 0.19 0.09 002 003 012 023 012 002 1.09
HP_134 33 Mean 74.51 0.13 1264 118 0.04 0.20 142 3.80 258 0.18 96.65
Stbev 1.07 003 028 011 002 003 009 020 013 002 132
(b)
Sample n Sio, TiO, AlLO; FeOr MnO MgO CaO Na,0O K,0O (i Total
HP_14-17 30 Mean 7244 0.19 1224 128 005 014 091 256 3,69 0.16 93.63
Detrital glass StDev 2.13 011 0.79 052 003 012 036 084 092 005 259
HP_32 33 Mean 72.46 0.13 12.05 1.15 0.04 0.11 0.86 2.80 3.52 0.17 93.26
Detrital glass Stbev 1.80 007 047 035 003 008 027 081 070 005 212
HP_38 35 Mean 72.81 0.14 12.15 1.18 0.05 0.11 090 2.85 3.58 0.16 93.90
Detrital glass StDev 1.77 0.10 0.73 0.37 002 010 0.34 0.79 0.75 0.07 249
HP_56 34 Mean 72.53 0.14 1233 132 0.06 013 0.99 284 343 0.14 93.87
Detrital glass StDev 1.72 0.10 0.65 0.47 0.02 0.10 0.35 0.96 0.72 0.04 231
HP_60 32 Mean 72.63 0.14 12.39 1.10 0.06 0.15 0.98 3.04 342 0.15 94.03
Detrital glass StDev  2.33 0.07 0.74 052 003 014 045 1.06 097 005 299
HP_156 55 Mean 71.33 0.18 12.00 1.36 0.05 0.14 0.95 3.19 3.60 0.19 92.96
Detrital glass StDev  1.58 0.08 0.48 0.48 0.03 0.07 030 0.40 059 0.06 1.67
(c)
Sample n SiO, TiO, AlLO; FeOr MnO MgO CaO Na,O K,O0 Cl Total
Lipari 50 Mean 74.04 0.08 13.10 1.55 0.07 0.03 0.72 4.08 519 0.33 99.11
StDev 0.55 0.02 0.11 0.07 002 001 003 019 010 002 0.74
Old Crow 41 Mean 72.1 0.3 12.62 1.61 0.06 0.29 1.40 3.78 3.63 0.27 95.99
StDev 0.83 0.04 0.14 0.07 0.02 003 0.05 0.19 0.15 0.02 1.11
Lipari* 33 Mean 74.1 0.07 13.1 1.55 0.07 0.04 0.73 4.07 5.11 0.34 99.18
StDev  0.96 0.03 0.34 0.06 0.03 0.02 005 0.28 0.26 0.03
Old Crow* 18 Mean 72.1 0.3 12.5 1.62 0.05 0.28 1.43 3.66 3.56 0.27 95.77
StDev 1.7 0.05 0.3 0.12 002 002 005 038 028 0.05

Table 3: Shard morphology statistics for Hooker’s Point cryptotephra deposits. Descriptions include: minimum (Min),
maximum (Max) and mean (x) long axis lengths (um), as well as standard deviation (o) and shard morphologies (SM).

Descriptions are based on 100 measurements (n).

HP_17 HP_32 HP_38 HP_56 HP_60 HP_67 HP_134 HP_156
X: 40 X: 38 X: 38 X: 40 X: 41 X: 45 X: 37 X: 42
0.13 0:13 0.12 o:13 o. 14 0:19 0:12 0:13
Max: 75 Max: 75 Max: 80 Max: 80 Max: 100 Max: 138 Max: 83 Max: 98
Min: 18 Min: 15 Min: 18 Min: 15 Min: 15 Min: 18 Min: 23 Min: 18
SM: mixed SM:mixed SM:mixed SM:mixed SM:mixed SM:cuspate SM: cuspate/platy SM: mixed
n: 100 n: 100 n: 100 n: 100 n: 100 n: 100 n: 100 n: 100

3.1 Tephra correlations

Correlations between Hooker’s Point cryptotephra deposits and Andean volcanoes are based on glass

geochemical compositions, similarity coefficients (SC) (Borchardt et al., 1972) and modelled age
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ranges; however, they should be considered as working correlations, to be continually tested by future
studies. A future tephra framework for southern South American and the Southern Ocean should be
based on a range of information including; glass geochemical compositions (major, minor and trace
elements), petrology, chronology and stratigraphic context (Lowe et al., 2017). This work is at an early
stage in southern South America and there are few comparative datasets; however, recent studies are
beginning to address this (Fontjin et al., 2016; Del Carlo et al., 2018; Mansilla et al., 2018).

A consistent minor offset in SiO, and Al,Os values is evident in tephras correlated between Hooker’s
Point and Laguna Potrok Aike (Fig 3). This offset is also apparent in the Lipari standard measurements
(Fig. A4), which show no sign of Na loss (Tables B2, B4). The differences in SiO, and Al,03 values are
therefore likely to reflect differing instrumental conditions during EPMA. Future work could use side-
by-side analysis of both samples to eliminate such analytical differences (Westgate et al.,, 2013;
Monteath et al., 2017).
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Figure 3: Bivariate plots of glass geochemical compositions (normalised major and minor element data) from Falkland Islands
cryptotephra deposits (this study; Hall et al., 2001) and the Mb; and Reclus R; tephras from Laguna Potrok Aike (Wastegadrd
et al., 2013). Geochemical envelopes are redrawn from Wastegdrd et al., (2013), and overlap previous studies of AVZ tephras
(e.g. Kilian et al., 2003; Haberzettl et al., 2009; Stern, 2008). Colour version is available online.

3.1.1 Cryptotephra deposit HP_17 (14-17 cm)

HP_17 is composed of clear glass shards with mixed morphologies (Table 3, Fig. A2), and
heterogeneous geochemical compositions (Fig. 3), suggesting that the majority of the cryptotephra
deposit is formed of detrital glass. However, a sub population (n=10) (hereafter referred to as HP_17b)
with low K;0 values (1.74-2.31 wt %) relative to other HP_17 analyses, plots consistently as a discrete
group, and may be derived from a primary air fall event (Fig. 3). Analyses from this group closely
overlap those from HP_67 except for marginally lower Na,O values (Fig. 3).The two-sigma modelled
age range of HP_17 is 7,680-6,610 cal yr BP. However, the age range of HP_17b cannot be precisely
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determined as consistent geochemical analyses only account for 25% (n=10) of the deposit, and the
exact stratigraphic position of the cryptotephra may be obscured by detrital glass.

Glass geochemical compositions from HP_17b consistently plot as Mt. Burney ‘type’ and may be
separated from other volcanic centres in SVZ and AVZ by high SiO; (77.2-78.1 wt%) and low KO values
(1.74-2.31 wt%) (Kilian et al., 2003; Haberzettl et al., 2009; Stern, 2008; Wastegard et al., 2013; Del
Carloetal., 2018). No large eruptions of Mt. Burney are known from the modelled age range of HP_17,
and HP_17b may represent a previously unknown eruption of this volcano. Alternatively, Kilian et al.,
(2003) describe a Mt. Burney ‘type’ tephra bed stratigraphically between the MB; (9950-8850 cal yr
BP; Stern et al., 2008) and MB; (3820-4710 cal yrs BP; Del Carlo et al., 2018) tephras, also derived from
Mt. Burney. The best age constraint for this eruption is a radiocarbon date (4420+40 *C yr BP) 17 cm
above the tephra. Based on sediment accumulation rates, Kilian et al., (2003) suggest an age of around
5691111 cal yr BP for the described tephra bed. Given the dating uncertainties associated with both
tephras, it’s plausible that they may be derived from the same eruption; however, further
understanding of the Mt. Burney eruptive history is needed to test both of these hypotheses.

3.1.2 Cryptotephra deposit HP_67 (67 cm)

HP_67 is a highly abundant cryptotephra deposit (>30,000 shards per gram), formed of clear, cuspate,
glass shards (Table 3, Figs. A2, A5). Glass geochemical compositions occur in a narrow SiO, range (76.7-
78.2 wt%), and have low K;0 values (1.53-2.06 wt%), relative to other cryptotephra deposits present
in Hooker’s Point, with the exception of HP_17b (Fig. 3). The two-sigma modelled age range of HP_67
is 10,490-9,190 cal yr BP.

Glass major-minor elements from HP_67 plot in high SiO, Mt. Burney envelopes (Fig. 3), and closely
overlap the MB; tephra in Laguna Potrok Aike (Wastegard et al., 2013) (SC: 0.96; Table B3) . The MB;
tephra was deposited eastward from a large (VEI 5), early Holocene, eruption of Mt. Burney (Fontijn
et al., 2014), radiocarbon dated to 9950-8850 cal yr BP by Stern et al.,, (2008). This age estimate
overlaps with the modelled age range of HP_67, and HP_67 may be correlated with the MB; tephra.
This correlation extends the known distribution of this ash deposit >1,000 km east from Mt. Burney.

3.1.3 Cryptotephra deposit HP_134 (132-135 cm)

HP_134 forms an abundant (>12,000 shards per gram) cryptotephra deposit composed of clear,
cuspate, platy, shards (Table 3, Figs. A2, A5). Glass shard geochemical compositions fall in a tight high
SiO, range (76.5-78 wt%), with intermediate K,O values (2.37-2.97 wt%) relative to other Hooker’s
Point cryptotephra deposits. The two-sigma modelled age range of the cryptotephra deposit is 15,640-
13,550 cal yr BP.

The geochemical composition of glass analyses from HP_134 consistently plot in major-minor element
envelopes for Reclus volcano (Fig. 3), and closely overlap the Reclus R; tephra in Laguna Potrok Aike
(Wastegard et al., 2013) (SC: 0.95; Table B3). Published age ranges for the Reclus R; tephra (15,510-
14,350 cal yr BP; McCulloch et al., 2005; 15,260-14,370 cal yr BP; Stern et al., 2008) overlap the
modelled age range of HP_134, and it is likely that HP_134 may be correlated with Reclus R;. This
tephra was deposited to the southeast of Reclus Volcano, towards the Falkland Islands, and is derived
from one of the largest eruptions known from the AVZ (VEI 6) (Stern et al., 2011; Fontijn et al., 2014).
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Identification of the Reclus R; tephra in East Falkland extends the known distribution of this ash
deposit >1,100 km from Reclus volcano.

3.1.4 Fox Bay cryptotephra deposit 60-65 cm

Comparison between published EPMA data from Fox Bay, West Falkland (Hall et al., 2001), and
analyses from Laguna Potrok Aike (Wastegard et al., 2013) and Hooker’s Point (Fig. 3), show a strong
geochemical overlap between an uncorrelated cryptotephra deposit in Fox Bay at 60-65 cm, and Mt.
Burney ‘type’ analyses. The Fox Bay cryptotephra deposit is undated and so cannot be linked with an
eruption event; however, the analyses suggest Mt. Burney ‘type’ cryptotephra deposits may be
present across the Falkland Islands.

3.2 Detrital glass abundance

The majority of cryptotephra deposits analysed from Hooker’s Point are composed of detrital glass
(glass shards not derived from primary air fall events) with heterogeneous glass geochemistries (Fig
3). No visible tephra beds have been reported from the Falkland Islands (Hall et al., 2001) that could
act as sources of reworked glass, and it is likely that detrital glass present in Hooker’s Point is reworked
from deposits in southern South America. Prevailing westerly winds and outwash plains mean tephra
from volcanic eruptions in the SVZ and the AVZ is widely deposited over the Patagonian steppe. In this
semi-arid, sparsely vegetated, environment tephra may be repeatedly reworked by wind action where
it forms a large component of regional dust emissions (Gaiero et al., 2007). Unconsolidated tephra,
can be suspended by relatively low winds speeds (6-9 km/h) (Fowler and Lopushinsky, 1986), and once
remobilised tephra from southern South America may be transported and deposited over large
distances (including the Falkland Islands). For example, in the aftermath of the 1991 eruption of Volcén
Hudson (VEI 5) plumes of remobilised ash extended >1000 km over Argentina and the western Atlantic
Ocean (Wilson et al., 2011). The discovery of abundant detrital glass throughout the Hooker’s Point
sediment sequence suggests that distal transport of reworked tephra is a common occurrence in this
region, and that cryptotephra deposits must be carefully analysed in order to avoid incorrectly
describing reworked material as new primary air fall events.

A temporal pattern of detrital glass abundance is apparent in the Hooker’s Point sediment sequence,
with an absence/reduction of tephra during the time periods associated with the Antarctic Cold
Reversal (ACR; 14,700-13,000 cal yr BP; Pedro et al., 2011), Younger Dryas (YD; 12,900-11,700 cal yr
BP; Walker et al., 2009), and early-Holocene (Fig 2). This pattern could reflect; i) changes in position
and/or strength of the Southern Westerly Winds (SWW), with stronger winds delivering more detrital
glass to the study site. However, while the dynamics of the SWW are poorly resolved during the
Lateglacial palaeoenvironmental records from latitudes both North and South of the Falkland Islands
suggest an increase in SWW velocities during the ACR (Moreno et al., 2012; Vanneste et al., 2015),
which is not reflected in the detrital glass record from Hooker’s Point. ii) Alternatively, tephra
abundance could indicate changes in eruption frequency from the SVZ and AVZ. Several studies have
discussed a link between deglaciation and increasing volcanism (Watt et al., 2013; Fontijn et al., 2016;
Weller et al., 2018); however, the low Na,0 and high SiO; values in detrital tephra from Hooker’s Point
suggest that the glass has been subjected to extensive weathering prior to deposition. This weathering
indicates a lag between the eruptive event and final burial of the glass at Hooker’s Point. Therefore
the tephra delivery pattern may not reflect the eruption sequence as primary air fall events are rapidly
transported and deposited. Finally, the temporal pattern may be derived from iii) site specific
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taphonomic processes and changes in the efficiency of tephra entrapment. Each of these hypotheses
could explain the temporal pattern of tephra abundance in Hooker’s Point, and further investigation
of the sedimentary (e.g. grain size analysis) and dust (e.g. rare earth elements) records from Hooker’s
Point are needed to disentangle potential taphonomic and climatic influences on the detrital glass
signal.

The abundant detrital glass present in Hooker’s Point is likely to obscure a more comprehensive
tephrostratigraphy. Numerous large explosive eruptions are known to have taken place in the SVZ and
AVZ since deglaciation, which were deposited eastward across large areas (Fontijn et al., 2014, 2016).
Tephra from these eruptions is likely to be present in Hooker’s Point, but are obscured by the influx
of detrital tephra. Morphological descriptions of the Hooker’s Point cryptotephra deposits show that
although there is little variance in shard size (Fig A2) primary air fall events (HP_67 and HP_134) have
more consistent shard morphologies than detrital glass deposits (Fig A3). Mclean et al., (2018) used
shard morphologies to differentiate between reworked tephra and primary air fall events in Japan,
and this approach may allow detection of further cryptotephra deposits in the Falkland Islands.

4. Conclusions

Modern observations and palaeo records suggest that the study of cryptotephra deposits originating
from Andean volcanoes is likely to provide valuable chronological isochrones across southern South
America and the South Atlantic islands. The development of a Lateglacial tephrostratigraphy from this
region will help answer questions of abrupt climate change during this period, which are poorly
resolved at present.

Cryptotephra deposits in Hooker’s Point are linked with the widespread MB; and Ri tephras, which are
likely to extend beyond the Falkland Islands, and may act as key regional markers. An additional Mt.
Burney type cryptotephra, deposited during the mid-Holocene, may represent a minor eruption of Mt.
Burney described by Kilian et al., (2003), or a previously unknown eruption from the same source.

A high abundance of detrital glass is present throughout large sections of the Hooker’s Point sediment
sequence. This glass is likely to have been sourced from reworked deposits in southern South America,
suggesting distal transport of reworked glass is common in this region, and care must be taken to
avoid interpreting reworked deposits as new primary air fall events. A temporal pattern of detrital
glass abundance is apparent in Hooker’s Point, with a reduction in the concentration of shards
throughout the ACR, YD period and early-Holocene. This pattern may reflect; i) variability in the
strength and/or position of the SWW, ii) changes in eruption frequency, or iii) site-specific taphonomic
processes; however, further work is needed to test these hypotheses.

Further primary cryptotephra deposits are likely to be obscured by detrital glass, and future studies of
cryptotephra in the Falklands may benefit from a morphology-based approach to shard quantification.
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