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Context  (2-3 lignes) Polar regions are very sensitive to climate change, but strangely, the Antarctic continent does 

not show a clear global warming signal. It is probably because internal variability is masking the anthropogenic 

signal. It is therefore key to document and understand natural climate variability in this region. 

 

Objectives / scientific questions (2-3 lignes)   

The objective of this project is to reconstruct climate variability at high resolution on the Antarctic Plateau, with a 

multi-proxy approach. The site chosen will allow unprecedented temporal resolution for the Plateau.  

 

Main results  

1. Aurora Basin North (ABN) ice core characteristics 

Aurora Basin North (71.17°S, 111.37°E at 2690 m elevation) is situated about 500km inland, half way between the 

coastal Casey station and Dome C (Figure 1). The analysis of impurities and water isotopes in 3 snow pit profiles 

shows clear annual layers, that can be used to establish a chronology. Nine years are counted in the top 2.5m, 

which indicates a mean accumulation rate of 11.5cm/y in water equivalent. This accumulation rate is sufficiently 

high to allow for annual layer counting through the 2000-year record, providing a very accurate timescale, and 

unprecedented temporal resolution for a core on the high Antarctic Plateau.  

Inert gas isotopes measured in the firn air indicate that the gas lock in depth is at 103m, which corresponds to a 

gas-age ice-age difference of 723 years.  The analysis of nitrogen, argon and krypton isotopes in the firn air 

indicate that there is no convective zone anomaly, in spite of the steady katabatic winds flowing over the site. 

Nitrogen isotopes also exhibit no thermal fractionation in the firn, which indicate that the ice is thick enough to 

have a weak thermal gradient at the surface, and that there is no indication of a strong global warming signal. 

This indicates that the gas records in this core is well preserved.  

 

2. Climatic conditions associated with snowfall at ABN 

In order to interpret the ice core record at ABN, we need to know when it snows. Through the analysis of model 

outputs from the regional model MAR nudged by ERA-interim reanalyses, we showed that 50% of the snow is 

accumulated in less than 24 days per year. Snowfall occurs throughout the year, and intensifies during winter, 

with 64% of total accumulation between April and September, leading to a cold bias in precipitation-weighted 

temperature of 0.9°C compared to the annual mean temperature of -41.3°C. Large snowfall events are associated 

with a high-pressure system forcing warm oceanic air masses towards the Antarctic interior, which causes an 

average warm bias of +2.5°C (Figure 2). The temperature – δ18O relationship, assessed with ECHAM5-wiso, is 

primarily constrained by the large winter variability, but the observed slope is valid year-round. The analysis of 3 

snow records covering 2004-2014 indicate that the anomalies recorded in the ice core are attributable to the 

presence of warm winter storms bringing precipitation to ABN, and support the interpretation of δ18O in this 

region as a marker of temperature changes related to large scale atmospheric conditions, particularly blocking 

events and variations in the Southern Annular Mode. (Servettaz et al., 2020) 
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Figure 1: mean 2 m temperature anomaly, when 

accumulation at ABN is larger than 1 mm w.eq. day
-1 

 

 
Figure 2: Probability density function of monthly mean 

temperatures (white) and snowfall-weighted mean 

temperatures (blue).  

3. Two thousand year climate reconstruction at ABN. 

A suite of temperature sensitive proxies has been measured on the ABN 303m core. Water isotopes (18O, D, d-

excess) have been measured at 25cm resolution throughout the core, and 17O-exess has been measured over 

selected intervals. Overall, the D profile does not show the long term 2000-year cooling trend observed in some 

regions of Antarctica (Stenni et al., 2017), and it does not show a recent increase either, in line with other records 

of the Antarctic Plateau.  17Oexcess is a tracer of kinetic fractionation and gives information of the conditions at the 

source of the water vapour. Measurements do not show significant changes in the source conditions over the 

period considered.  

To complement the water isotope study, gas isotopes of 15N of N2, and 40Ar were measured at 20-year 

resolution throughout the core. These isotopes are sensitive to variations in firn thickness (gravitational 

fractionation), and to the temperature gradient in the firn (thermal fractionation). The data show centennial scale 

variations that can be associated with changes in snow accumulation affecting the firn thickness, but also to 

some specific periods of anomalously warm temperature.  

The combination of the two set of proxies will allow us to better understand the mechanisms driving temperature 

and accumulation variability on the Antarctic plateau.   

Future of the project :  

This project is a contribution to PAGES Clivash 2K working group. The method developed here have proved to 

provide useful information to reconstruct past climate on the Antarctic plateau, and will be applied on new ice 

cores, for instance at Mount Bronwn South, and in the framework of a new ANR project EAP-2K (Lead E. Fourré, 

LSCE). The results from the Climatic conditions associated with snowfall at ABN are developed further in a 

submitted ANR project called ARCA to study the impact of Atmospheric rivers on the Antarctic climate (lead V. 

Favier, IGE). The lack of imprint of katabatic winds on the gas record at this site was surprising, and lead to a new 

ANR project to study katabatic winds at the D47 site (ANR JCJC Katabatic, PI A. Orsi, LSCE).  
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