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Identifying the Mechanism of Campbell Glacier Sudden Collapse in Antarctica:

Ice and

Fire
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Studies of glacial landforms storing the Antarctic Ice Sheet thickness change history are

essential to building up accurate and important information to be prepared for future climatic crises.

Campbell Glacier moraine on the terminal area of the East Antarctic Ice Sheet was developed since
the MIS 6 downwasting dominant glacial lowering (PGM: ) 640 masl, LLGM: 150~90 masl, LGM: 90
masl). The main mechanisms of the lowering stages were ‘restricted glacial thickening due to the arid

glacial period’ and ‘rapid glacial wasting due to the warm interglacial period’. Furthermore, the timing
of the rapid glacial ablation of 170 m thick ice (97.0~90.8 ka) during mid-MIS 5 is coincident with the
Mt. Melbourne eruption (118.2~94 4 ka), and the geomorphological-geological evidences on

moraine also imply the sudden glacial collapse caused by glaciovlocanic (ice and fire) interactions.

Key Words : East Antarctic Ice Sheet, Cosmogenic Nuclides Surface Exposure Dating, Glaciovolcanic

Landform, Glacial Collapse, Local Last Glacial Maximum
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Fig 1. Satellite image and location map of Campbell Glacier, Terra Nova Bay, Antarctica, (A) Terra Nova Bay outlet glaciers
are draining East Antarctic Ice Sheet into Terra Nova Bay, Ross Sea through the Trans—Antarctic Mountains, (B) Satellite
image map of the drainage area of the Campbell Glacier flowing into Terra Nova Bay,
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Fig. 2. Geomorphological and geological information of the study area, (A) Aerial view of the terminal area of the Campbell
Glacier flowing between Mt, Melbourne and Mt, Browning (Jangbogo Hills). (B) Jangbogo Hills are covered with moraines which
were developed since the last interglacial period (MIS 5; Rhee et al,, 2019). (C) Lithologic map around the Campbell Glacier
drainage, Basalt and rhyolite (Mcmurdo Volcanic Complex) bedrock are only found on Mt, Melbourne (Baroni et al,, 2005).
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al., 2019). & A= A e E & BHASFAE 01851 o]
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St A}, FE I FHF R of A 9] WSh=MIS 62 2o =]
3}7]e1 PGM (Penultimate Glacial Maximum; 640 masl;
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Table 1. Recalculated Be surface exposure ages on Jangbogo Hills moraine

i Be age' Be age” | Ln/st° e Be age Be age | Ln/st e "Be age | “Be age | Ln/St
(ka, St) (ka, In) (%) (ka, St) (ka, Ln) (%) (ka, sp | (ka, Ln) | (%)
Bench A | (305 masl) Bench D| (90 masl) Bench E | (41 masl)
JBGOO3 | 106.3 £ 9.3 {100.,7 £ 69| 94.8 | JBG023 | 373 £3.6 | 351 £29 | 941 | JBG0O31 |86 £ 1.2(80 £ 1.0| 93.0
JBGOO4 | 85.4 £ 7.9 | 8.0 61| 948 | JBGO25 | 364 £35 | 343 +28 | 941 | JBGO32 |80+ 13|74+ 11| 933
Ave | 95.8 £ 147 [90.8 + 139 JBGO27 | 327 £32 | 30,7 £25 | 941 | JBG033 |11.1 £ 1.510.4 £ 1.3| 93.3
Bench B| (235 masl) Ave| 354 24 | 333 +23 JBGO34 |11.7 £ 2.0{10.9 £ 1.7| 93.5
JBGO10 | 87.8 £7.2 | 83.1+51| 947 | Bench D | (90 muasl) JBG038 (85 +12(79+ 10| 9.1
JBG013 | 105.1 £ 86 | 9.6 £ 61| 947 | JBGO24 | 156 £ 1.8 | 146 £ 1.5 | 93.9 Ave |95 *£1.6[89 £15
Ave| 96,4 = 12,2 (91.3 = 11.6 JBGO28 | 191 £21 | 179 £ 1.7 | 94.0 | Bench F | (33 masl)
Bench €| (159 masl) JBG029 | 185+ 20 | 174 =17 | 940 | JBGO39 [55 £ 11|52 * 10| %.1
JBGO17 |130.1 & 10.7(122.9 £ 7.6| 94.4 | JBGO30 | 151 £ 1.7 | 142 £ 1.4 | 93.9 | JBGO40 |4.6+ 08|43 + 08| 93.6
JBGO22 | 753 £ 6.1 | 711 £ 43| %45 Ave| 17.0 £ 24 | 160 £ 1.8 JBGO41 |64+ 1.0[60+09]938
Ave |102.7 £ 38.7| 97 £ 36.6 - JBGO42 |79 +13|74+£11| 933
O7KNSTD 5-1¢ : 2,71E-11 + 9 58E-14 - JBGO43 |64 +£11|60+10]| 938
Process blank® : 4.52F-15 £ 1,23E-15 - Ave |61 +12(57 £ 1.1

“Previous effective exposure age results calculated with St scaling factor (Stone, 2000) for cosmogenic nuclides production rate (Rhee er al,
2019). Ages on bench A to C were defined as simple exposure with 1*Be/*Al analysis and bench D to F as effective apparent exposure
with probability density analysis, respectively.
PRecalculated exposure age with Ln scaling factor (Lifton er al, 2014) for calibrating atmospheric pressure, solar modulation, and cutoff

rigidity of geomagnetic field (Lifton er al, 2014; Marrero er al., 20106).

“Ratio between two overestimated and calibrated ages, All the ages were calculated using the CRONUS-Earth online calculator (Balco er
al., 2008) and a “Be half-ife of 1.38E6 (Korschinek er af, 2010).
“Ratios of ""Be/’Be were normalized with 07KNSTD reference sample 5-1 of Nishiizumi er /. (2007).
‘A mean value of process blank samples was used to correct the background,
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Fig. 3. Glacial lowering stages compared with climatic records (6®0 and snow accumulation rate: Bazin et a/, 2013; Vallelonga
et al., 2013), marine record (sea level; Ribo et al,, 2020), and volcanic activities (Giordano et a/,, 2012) from Talos ice dome,
southeast Australia shelf, and Mt. Melbourne, Exceptional rapid collapse rather than lowering occurred during mid—MIS 5
which does not follow the decreasing trends of temperature and sea level, Note that contemporary simple exposure ages
(in—situ °Be/?Al) appeared through bench A to C with exceptionally high deviation on bench C, implying a rapid and unstable
collapse. (B) Glacial lowering stages since the MIS 6 PGM with lowering rates between each bench’s exposure, The sudden
collapse between 320~150 masl shows a much more rapid ice lowering rate than any other warm periods,
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Fig. 4. Geological and geomorphological field survey of the Jangbogo Hills moraine, (A)—(D) Moraine sequences are mainly
composed of granite, granodiorite, and migmatite gneiss which were plucked out and transported from the upslope bedrock

of the Campbell Glacier (Fig. 2C). Basalt and rhyolite erratics are
(bench A-C; 320~100 masl). Some erratics show basalt stuck to

frequently found in places on the upper moraine benches
granite or gneiss, implying the lava contact supplied from

Mt, Melbourne, (E)—(F) Basalt erratics are little found on the lower benches (bench D—F; (100 masl) and raised beach,
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Fig 5. Geomorphological analysis of Mt, Melbourne volcano, (A)
(10 km radius from the crater) analyzed with the IBCSO (Interna
al., 2013), (B) Longitudinal profiles of elevation and slope along

the western slope shows a steep slope
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the Campbell glacier, and much lava mass was wasted and formed a steep and rough western slope (Fig. 5). Meanwhile,

the lava contacted granite and basalt erratics were transported and left thick mixed moraine on Jangbogo Hills (Fig. 4),

during the lava induced rapid glacial collapse with much—scattered exposure ages, especially at the very end of the collapse
(Fig. 3).
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