Geophysical Research Abstracts
Vol. 18, EGU2016-11131, 2016 EGU
EGU General Assembly 2016

© Author(s) 2016. CC Attribution 3.0 License.

Sustained Antarctic contribution to abrupt global sea level rise during
Meltwater Pulses 1A and 1B

Christopher Fogwill (1), Chris Turney (1), Nick Golledge (2,3), David Etheridge (4), Mauro Rubino (5), David
Thornton (5), John Woodward (6), Kate Winter (6), Tas van Ommen (7,8), Andrew Moy (7,8), Mark Curran (7,8),
Camilla Rootes (9), Andres Rivera (10), Helen Millman (1), Michael Weber (11), Michael Bird (12), Niels
Munksgaard (12,13), and Siwan Davies (14)

(1) University of New South Wales, Climate Change Research Centre, BEES, Sydney, Australia (c.fogwill @unsw.edu.au), (2)
Antarctic Research Centre, Victoria University of Wellington, Wellington 6140, New Zealand., (3) GNS Science, Avalon,
Lower Hutt, New Zealand, (4) Centre for Australian Weather and Climate Research, CSIRO Marine and Atmospheric
Research, Aspendale, VIC 3195 Australia, (5) Dipartimento di Matematica e Fisica, Seconda Universita di Napoli, viale
Lincoln, 5-81100 Caserta, Italy, (6) Department of Geography, Faculty of Engineering and Environment, Northumbria
University, Newcastle upon Tyne, NE1 8ST, UK., (7) Department of the Environment, Australian Antarctic Division, 203
Channel Highway, Kingston, Tasmania 7050, Australia, (8) Antarctic Climate & Ecosystems Cooperative Research Centre,
University of Tasmania, Private Bag 80, Hobart, Tasmania 7001, Australia, (9) Department of Geography, University of
Sheffield, Sheffield, United Kingdom, (10) Glaciology and Climate Change Laboratory, Centro de Estudios Cientficos,
Valdivia, Arturo Prat 514, Chile, (11) Institute of Geology and Mineralogy, University of Cologne, Zuelpicher Strasse 49a,
50935 Cologne, Germany, (12) Centre for Tropical Environmental and Sustainability Science, College of Science, Technology
and Engineering, James Cook University, Cairns, Australia, (13) Research Institute for the Environment and Livelihoods,
Charles Darwin University, Australia, (14) Swansea University, Swansea, United Kingdom

Understanding millennial-scale variability of the Earth’s ice sheets is key to gaining insights into ice sheet-climate
feedbacks, and quantifying their contribution to past and future sea-level rise. Current projections of future global
mean sea-level (GMSL) rise cannot truly reflect this variability, as they do not include ice sheet-ocean dynamic
feedbacks that may determine rates of future ice-sheet mass loss. Such feedbacks are apparent in the geological
record, with periods of rapid continental ice-sheet loss during the deglaciation leading to abrupt GMSL rise,
driving regional and global climate change through climate/meltwater feedbacks. The most significant event is
Meltwater Pulse-1A (MWP-1A), an abrupt sea-level rise of ~20 m in less than 500 years defined from the Tahiti
and Barbados coral records occurring at ~14.6 ka, during the Last Glacial Termination (LGT or T1, 21,000-11,000
years ago).

Reconstructing the contribution of the Antarctic ice sheets (AIS) to MWP-1A has proved challenging due
to the paucity and fragmentary nature of geological records, and also technical issues in reconstructing past
change in such a dynamic setting, where the legacy of past ice-sheet change can have a long-lasting impact on
contemporary ice-sheet stability. This has led to contrasting reconstructions, from ‘high-end’ scenarios suggesting
tens of meters (over 50%) of MWP-1A GMSL rise was sourced from Antarctica, to ‘low-end’ scenarios invoking
far lower contributions. Resolving this conflict is critical to defining the role of AIS in ice-ocean-climate
feedbacks. Key to this is the contribution to MWP-1A and subsequent meltwater pulses of the extensive Weddell
Sea Embayment (WSE), which drains one-fifth of the present-day AIS, with input from the Antarctic Peninsula,
West and East Antarctic ice sheets.

Here we present a unique record of Antarctic ice sheet elevation changes derived from the Patriot Hills
blue ice area, located close to the modern day grounding line of the Institute Ice Stream in the Weddell Sea
Embayment (WSE). Combined isotopic signatures and gas volume analysis from the ice allows us to develop a
record of local ice sheet palaeo-altitude that is assessed against independent regional high-resolution ice sheet
modeling studies, allowing us to demonstrate that past ice sheet elevations across this sector of the WSE were
considerably higher and more dynamic than those suggested by current terrestrial reconstructions.

We argue that the Antarctic ice sheet in the WSE had a significant influence on post LGM sea level rise
including MWP-1A (~14.6-13.6 ka) and during MWP-1B (~12-11 ka), reconciling past sea-level rise reconstruc-
tions and demonstrating for the first time that this sector of the WAIS made a significant and direct contribution to
post LGM sea level rise. These findings provide new insights into the role the Antarctic ice sheets take in driving



abrupt climate change, and suggest contemporary ice-sheet stability across the WSE results from Late-Holocene
ice-sheet readvance, with implications for future ice-sheet stability.



