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About the project – MAGIC-DML

International (NO, UK, US, SE, DE) collaboration with financial and 
logistical support from respective countries

Combine field evidence with numerical modelling to investigate how the EAIS has 
reacted to climate change



Average thickness (1):
~ 2,079 m (IPCC, 2001)

EAIS(2): continental

~ 52 m GMSL

WAIS (3): marine

~ 6 m GMSL



Learning from the past…

Zachos et al. (2001)Lisiecki & Raymo (2005)

https://scripps.ucsd.edu/programs/keelingcurve/



Dutton et al., (2015), Science

… identifying the specific ice-sheet 
sources is currently hindered by limited 
field evidence at high latitudes.



Yamane et al., Nature Commun. (2015)

• Ice sheet surface was >400 m higher 3 Ma ago
• Progressive lowering to MIS 2 and present levels

10Be apparent exposure ages from EAIS

Sparse field evidence from EAIS on past ice sheet thickness



Yamane et al. (2015), Nature Commun.

Hypothesis

The margin is sensitive to warming, 
while the interiors might grow due 
to increased moisture supply.

The interior might loose mass
during cold periods due to moisture
starvation. The marging might
instead grow.

Warm

Cold



Model experiment – the Pliocene case (3 Ma) 
High CO2, significantly warmer than today

Present-day modelled surface 
elevations (m) for the Antarctic ice 

sheet, including ice shelves.

Pliocene modelled surface 
elevation (m), computed as the 

mean of the output from an 
ensemble of steady-state 

experiments.

Surface elevation difference
(m) between the modelled 
Pliocene and present-day 

Antarctic ice sheet.

Results deleted



Pliocene model run difference vs today
Close-up on DML

• Ice shelves gone
• Significant growth in mountains
• Some growth in interior

Results deleted



Model experiment –MIS 2 (LGM/25 ka)
Very low CO2 - significantly colder than today

Present-day modelled 
surface elevations (m) for the 
Antarctic ice sheet, including 

ice shelves.

LGM modelled surface elevation 
(m), computed as the mean of 

the output from an ensemble of 
steady-state experiments.

Surface elevation difference (m) 
between the modelled LGM and 
present-day Antarctic ice sheet.

Results deleted



MIS 2 cold period

• Ice shelves and coast signficantly mass
gain

• Interior significant mass loss

Results deleted



Secondary cosmogenic particles in atmosphere and rock. After Gosse and Phillips (2001), Ivy-Ochs & Kober (2008)

In situ 10Be (t1/2 = 1.51 Ma) is mainly produced 
through spallation of O in SiO2. Also muon 
capture is important.

In situ 26Al (t1/2 = 0.716 Ma) is mainly produced 
through spallation of Si in SiO2

In situ 14C (t1/2 = 5.73 ka) is mainly produced 
through spallation of O (Mg, Al & Si)

In situ 3He (stable) is produced through thermal-
neutron reaction with 6Li

In situ 21Ne (stable) is produced through 
spallation of Si, Na, Mg & Al

In situ 36Cl (t1/2 = 0.301 Ma) is mainly produced 
through neutron capture of 35Cl and 39K. Also 
spallation and muon related reactions.

In short: we can calculate how long a rock 
surface has been exposed to cosmic rays.

Typically used to obtain deglaciation age

With multiple isotopes we can calculate
complex exposure/burial histories. 

In-situ cosmogenic isotopes



Nunataks as “dipsticks” of ice height

Illustration: Derek Fabel



Samples in this
project so far

2016/17: n=36

2017/18: n=87

Quantarctica v.3



Apparent 10Be age vs altitude

Results deleted



26Al/10Be two-isotope plots for bedrock samples

Many bedrock samples exhibit
long, continuous exposure

Results deleted



26Al/10Be two-isotope plots for erratic samples

Most erratic samples exhibit shorter
exposure time and significant burial

Results deleted



Conclusions
• The EAIS contribution to GMSL is 

unclear, and may be out-of-sync
with WAIS

• There is a trend of thinning EAIS 
since the Pliocene warm period

• Some possible readvances in mid-
and late Quaternary

• The ice volume during MIS 2 cold
period was possibly smaller than
today.

• Field evidence and model runs 
tentatively agree
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