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Mi Jung Lee and Jong Ik Lee, 2017, Holocene eruptive history of Mt. Melbourne volcano, Antarctica: insights
from tephra layers recorded from Talos Dome ice core. Journal of the Geological Society of Korea. v.
53, no. 4, p. 509-519

ABSTRACT: Tephra recorded in the Antarctic ice cores are useful for reconstruction of eruptive history of young
volcanic activities in case of not being available of their radiometric ages. This study examines major element
compositions of six visible tephra layers for the last 10,000 years of the ice core drilled at Talos Dome, Northern
Victoria Land, East Antarctica. By comparison of their geochemical signatures to lava compositions from Mt.
Melbourne, Mt. Rittman and The Pleiades volcanoes which are considered as possible source volcanoes, we
discussed the eruptive history of Holocene volcanic activity in Melbourne Province of Northern Victoria Land,
Antarctica. A strong geochemical correlation is observed between TD8S in the Talos Dome ice core and thick tephra
layer from eastern flank of Mt. Melbourne (MMTep), which confirms they were derived from the same eruptive
source. This is a very important finding for determination of timing for the last eruption of Mt. Melbourne, which
indicates that the last eruption of Mt. Melbourne occurred at AD1280.

Key words: Talos Dome, ice core, tephra, Mt. Melbourne, the last eruption

(Mi Jung Lee, Division of Polar Earth-System Sciences, Korea Polar Research Institute, Incheon 21990, Republic
of Korea; Jong Ik Lee, Unit of Antarctic K-route Expedition, Korea Polar Research Institute, Incheon 21990,
Republic of Korea)
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Bonaccroso et al., 1991), &&]o}o]t](The Pleiades; Ho sitg s o 72 B2 k] SR EA &
Kyle, 1982; Esser and Kyle, 2002) 3}4to] B gict B Ez|olAE Ao|ixZ ofd|of(Cape Adare) X HH
(7% 1a). o] Al BEKFE WH|E SATEMMurdo B ZAH O] ofd|iia SAb7ER] 240 Fdah g
Volcanic Group)e] @HE Z=ZHIA(Melbourne Zok Al Q) Zo] ¢F 800 kmo] E3l= 9%t
Province) 3HHIF2 EREtH(Kyle, 1990). ®H 2o A oF 10° km® G A =2 AHEHH(Kyle,
= 3RIOEL AT gz o] vkl g o 1990; Behrendt, 1999).
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Fig. 1. (a) Map of Victoria Land (Antarctica) showing the location of Jang Bogo Station and active volcanoes referred
to in the text, (b) location of ice-core sites in Antarctica.
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Fig. 2. Helicopter views of Mt. Melbourne and Jang Bogo Station. (a) Mt. Melbourne and Jang Bogo Station from
the south, (b) volcanic gas emission from Mt. Melbourne, (c)-(d) fumarolic activity and ice chimneys near the summit
of Mt. Melbourne.
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Fig. 3. Tephra layer in the eastern flank of Mt. Melbourne. (a) thick tephra layer composed of pumice and ¢

A& AdthDunbar et al., 2003, 2008, 2010; Narcisi
et al., 2010a, 2010b, 2012, 2016, 2017).
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(b) yellowish grey trachytic, pumice lapilli embedded up to 20 cm in ice.
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Table 1. Details for the visible tephra layers from the Talos Dome ice core.

Sample d]e?&ﬁ()(rrr;l) Age yr BP* Mas);ren?i I%lr)aln Nglt:r(()idci%rr}iigflle Suggested source
analysis

TD85 84.37 670 £ 7 (AD 1280) 100 WDS Melbourne
TDS87 86.2 694 + 7 (AD 1256) 80-90 WDS Melbourne & Mt Berlin
TD238 237.31 2684 + 47 80 WDS Melbourne
TD239 238.12 2699 + 48 100-150 WDS Melbourne
TD388-1 387.76 5277+ 49 60 WDS Melborune
TD388-2 387.77 5277 +49 40 WDS Melbourne

*Age according to Severi et al. (2012). BP stands for before 1950 AD.

Data source is from Narcisi et al. (2012).
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Table 2. Major element composition of tephra shards in Talos Dome ice core related to Antarctic volcanic activity,
and representative compositions of tephra from eastern flank of Mt. Melbourne and bulk rock samples collected
near summit area.

Sample n Si0, TiO, ALO; FeO MnO MgO CaO NaO K,O P,Os TAS classification

TD§5 8 65.64 050 1583 551 018 022 185 543 484 Trachyte
st.dev. 036 002 052 02 004 003 005 024 012

TD$7a 6 6158 043 1674 654 028 015 118 792 517 Trachyte
st.dev. 037 006 035 015 005 002 005 040 028

TD87b 1 5798 0.58 13.61 12.66 0.68 043 22 725 461 Trachyte

TD87b 1 5839 0.66 1407 11.82 054 042 227 718 465 Trachyte

TD87b 1 5976 039 1469 1003 054 025 175 854 405 Trachyte

TD210 10 687 04 132 53 02 02 13 61 48 Trachyte
st.dev. 09 02 03 04 01 01 03 08 05

TD238a 4 4996 359 1574 1138 022 356 814 477 2.64 Phonotephrite
st.dev. 098 018 009 053 003 021 023 052 019

TD238b 1 53.08 292 161 978 019 264 587 577 3.64 Tephriphonolite

TD238b 1 5813 163 1699 689 018 169 362 599 486 Trachyandesite

TD238b 1 6578 039 1567 4.6 014 021 151 653 516 Trachyte

TD239 18 4732 388 1618 1094 022 411 1001 459 277 Tephrite/Basanite
st.dev. 128 041 061 084 004 072 137 056 057

TD281 10 641 04 155 57 - 02 1 79 52 Trachyte
st.dev. 11 03 08 1 02 03 14 07

TD388-1 6 513 314 1404 13.68 029 298 687 435 336 ?f:;]lgzndesite

st.dev. 118 008 023 0.6 0.03 032 025 036 032
TD388-2a 18 56.77 175 15.06 11.11 030 1.71 499 49 341 Trachyandesite
st.dev. 066 0.11 052 089 0.04 019 060 046 059

TD388-2b 1 50.14 349 16.10 11.09 022 3.89 843 431 236 Basaltic
Trachyandesite
TD388-2b 1 6743 076 1354 6.05 011 042 189 458 521 Trachyte
MMTep004 19 6558 047 1589 530 0.16 0.19 1.85 544 507 0.04 Trachyte
MMTep005 23 6560 0.48 1586 535 0.5 020 1.86 539 509 0.03 Trachyte
st.dev. 0.8 003 0.16 013 002 002 004 017 008 003
MMTep007 19 6557 049 1577 548 0.15 020 1.81 529 519 0.04 Trachyte
st.dev. 0.19 0.03 0.09 010 002 002 007 014 009 003
MMTep008 25 6571 048 1581 543 0.5 021 1.86 523 510 0.03 Trachyte
st.dev. 0.2 003 011 0.2 002 001 006 013 009 0.03
MMTep020 25 66.75 036 1541 515 0.15 009 1.79 530 496 0.03 Trachyte
st.dev. 0.17 002 011 010 002 002 005 019 009 003
MMSum01 56.63 1.67 1550 1029 022 179 476 526 334 0.55 Trachyandesite
MMSum02 56.70 172 1552 1033 022 173 4.80 5.14 325 0.58 Trachyandesite
MMSum03 57.19 1.65 1548 993 022 172 470 527 326 0.58 Trachyandesite
MMSum04 5752 1.66 1534 998 022 169 4.60 522 330 047 Trachyandesite
MMSum05 56.73 1.68 1547 1039 022 172 4.68 522 335 0.54 Trachyandesite
MMSum06 57.17 1.61 1553 1020 022 160 452 524 339 051 Trachyandesite

Data (in weight percent, wt.%) for tephra shards form Talos Dome ice core (Narcisi ez al., 2012) and Mt. Melbourne are recalculated
to a sum of 100 wt.% and presented as means and one standard deviation of n analyses of different glass shards.

Data for bulk samples from Mt. Melbourne summit are also relcalculated to asum of 100 wt.%.

Tas classification aoccording to Le Bas ez al. (1986).
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Fig. 4. Total alkali versus silica diagram for visible glass shards (values normalized to 100%) from Talos Dome
ice core (Narcisi et al., 2012). The bulk samples from The Pleiades, Mt. Rittman and Mt. Melbourne Volcanic Field
(MMVF) volcanoes are plotted together for comparison. Classification scheme and discrimination line between

rocks are from Le Bas et al. (1986).
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Fig. 5. Diagrams illustrating the geochemical variability and similarity between glass shards from the studied Talos
Dome tephras (Narcisi et al., 2012) and the bulk samples from the possible source volcanoes.
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