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The writings in the rocks
The past is the key to the future

We have a detailed history of glacier change in Antarctica from the last 100 years or so; the time frame in which humans have been visiting the continent, conducting scientific surveys and monitoring, and observing change in glaciers, sea ice and ice shelves through satellite imagery.

If we want to understand how climate change has affected the world’s largest ice sheet on longer timescales, we need to look to the geological record of past ice sheet behaviour: the evidence left behind from geomorphological marks on the landscape, boulders transported by glacier ice, or sediments deposited on the ocean floor by ancient glaciers. 

This longer-term history helps scientists to understand how Antarctica’s ice streams responded to past periods of rapid climate change, such as during the last glacial-interglacial transition, to better understand physical processes such as potential rates of marine-terminating glacier recession, and how the ice sheet might respond to forcing agents, such as sea-level rise and atmospheric and oceanic temperatures. It can also help to put more recent changes (in sea level, temperature, glacier recession), into context. 
Finally, predicting future sea level rise from melting glaciers and ice sheets requires a very clear understanding of past ice-sheet behaviour in Antarctica, and robust datasets that can be used to evaluate numerical computer models of future ice sheet behaviour. 

Antarctica at the Last Glacial Maximum

The warming at the end of the last glacial period drove rapid loss of ice from Antarctica. 20,000 years ago, at the global Last Glacial Maximum, ice sheets had grown and captured so much water from the oceans that global sea level was about 130 m lower than today. Some of that water was locked up as ice in Antarctica.
In Antarctica, the Antarctic Ice Sheet had an extra 9.9 m of sea-level equivalent at the Last Glacial Maximum, about 20,000 years ago. The Ice Sheet reached the continental shelf edge, but couldn’t get much larger than this, because the water is too deep off the continental shelf, and the ice starts to float.
The Antarctic Ice Sheet at the Last Glacial Maximum was reconstructed continent-wide by the RAISED consortium in 2014. You can see the position of the present-day ice margin, and the ice margins reconstructed in the consortium at 20,000, 15,000, 10,000 and 5,000 years ago. The ice sheet reached the continental shelf edge in almost all placed at 20,000 years ago. 
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Reconstruction of the Antarctic Ice Sheet at 20,000, 15,000, 10,000 and 5,000 years ago. RAISED Consortium. Ice sheet surface from BedMap2. Floating ice shelves shown in white. Ka is thousands of years ago. 
The geological record of past ice sheet extent
The RAISED consortium compiled datasets from hundreds of scientists to produce a detailed database of past ice sheet extent and thickness. One of the data types that it includes is using evidence from glacially transported boulders left behind in the landscape as the glaciers recede.

These boulders, once deposited, start to accumulate new cosmogenic isotopes such as Beryllium-10. This isotope forms in quartz in granites, for example, when the atoms of silicon and oxygen in the quartz are bombarded by cosmic rays from outer space. 
We are all bombarded by these rays when we go outside; you may even have been lucky enough to see them, if you’ve ever seen the Northern Lights. These high-energy rays interact with the silicon and oxygen in the quartz crystals, forming a new cosmogenic isotope, 10Be. 
By collecting rock samples from Antarctica, and measuring how much 10Be there is in the rock, we can calculate how long the rock has been sitting there, in that position, on the Earth surface. 
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Collecting rock samples in Antarctica. Credit: Bethan Davies
Fieldwork to James Ross Island

Our team’s fieldwork focused on collecting samples from James Ross Island, on the Antarctic Peninsula. Our team of scientists was deployed here to collect rock samples from the recently deglaciated island over a period of seven weeks, living in a remote field camp on the island. 
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James Ross Island is at the north-eastern tip of the Antarctic Peninsula (red box). Map credit: Bethan Davies, from www.AntarcticGlaciers.org. 

Rock samples were collected using a hammer and chisel, and were carefully packed away and shipped back to the UK.
There, the rocks were crushed, dissolved with acids, and eventually, the amount of Beryllium-10 was measured in an accelerator mass spectrometer.

This dataset provided information on the behaviour of ice streams around the north-eastern part of the Antarctic Peninsula and their onset during ice-sheet thinning, about 18,000 to 12,000 years ago. 
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Collecting rock samples on James Ross Island, Antarctic Peninsula. Photo credit: Bethan Davies
A resource produced by Dr. Bethan Davies, Senior Lecturer at Newcastle University
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