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            Abstract
Succession of cold glacials and warm interglacials during the Quaternary results from large global climate responses to variable orbital configurations, accompanied by fluctuating greenhouse gas concentrations. Despite the influences of sea ice and atmospheric and ocean circulations in the Southern Ocean on atmospheric CO2 concentrations and climate, past changes in this region remain poorly documented. Here, we present the 800 ka deuterium excess record from the East Antarctica EPICA Dome C ice core, tracking sea surface temperature in evaporative regions of the Indian sector of the Southern Ocean from which moisture precipitated in East Antarctica is derived. We find that low obliquity leads to surface warming in evaporative moisture source regions during each glacial inception, although this relative temperature increase is counterbalanced by global cooling during glacial maxima. Links between the two regions during interglacials depends on the existence of a temperature maximum at the interglacial onset. In its absence, temperature maxima in the evaporative moisture source regions and in East Antarctica were synchronous. For the other interglacials, temperature maxima in the source areas lag early local temperature maxima by several thousand years, probably because of a change in the position of the evaporative source areas.
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                    Fig. 1: Modelled correlation between d-excess and SAM.[image: ]


Fig. 2: Water isotopic series and climate reconstruction from three deep ice cores in East Antarctica.[image: ]


Fig. 3: Link between ΔTsource, d-excess, ΔTsite and orbital parameters.[image: ]


Fig. 4: Relationship between source and site temperature over glacial termination and interglacials of the past 800 ka.[image: ]
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                Data availability

              
              The data associated with this study were posted on the PANGEA database under the following link: https://doi.org/10.1594/PANGAEA.934094.

            

Code availability

              
              The ECHAM model code is available under a version of the MPI-M software license agreement (https://www.mpimet.mpg.de/en/science/models/license/). The code of the isotopic version ECHAM6-wiso is available upon request on the AWI’s GitLab repository (https://gitlab.awi.de/mwerner/mpi-esm-wiso).
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Extended data

Extended Data Fig. 1 Raw d-excess data.
Comparison between d-excess calculated with initial δD data measured in 2007 (grey) and d-excess calculated with new δD data measured in 2020 (black).


Extended Data Fig. 2 Evolution of the isotopic composition (a: δD vs δ18O, b: ln(1 + δD) vs ln(1 + δ18O), c: d-excess vs δ18O, d: dln vs ln(1 + δ18O)) for the three deep ice cores of the East Antarctic plateau (red – EDC; blue – Dome F; orange – Vostok).
The black line on panel a represents the Global Meteoric Water Line, a linear relationship between δD and δ18O with a slope of 8 (and intercept of 10 ‰). The black line on panel b represents the ln regression determined from surface snow samples by Uemura et al. (2012)1. The solid lines on panel c represent the evolution of d-excess vs δ18O after a running mean over a 2‰ wide window on the δ18O scale, and the dashed lines represent the average d-excess value.


Extended Data Fig. 3 Isotopic records on three deep drilling sites of the East Antarctic plateau.
Comparison of δ18O or δD, d-excess, dln and ΔTsource for the three sites of interest Dome F, Vostok and EDC.


Extended Data Fig. 4 Evolution of δ18O or δD in blue, d-excess in black, dln in yellow and ΔTsource in red, over the last 9 terminations for each site considered in the text, Vostok, Dome F and EDC, all on the AICC2012 timescale.
The blue and orange rectangles correspond to those defined in Fig. 4 of the main text, highlighting maxima in Tsite and d-excess at EDC. Note that the Vostok records could not be well aligned on the AICC2012 timescale over Termination V because of lack of relative dating constraints so that the comparison of Vostok to other sites over Termination V is not meaningful.


Extended Data Fig. 5 Model-data comparison of the SAM variability.
Comparison of the SAM variability as inferred from observations and reanalyses between 1971 and 2000 and as inferred from the ECHAM6—wiso model free simulation for pre-industrial period.


Extended Data Fig. 6 Spectral analysis of the SAM variability from the Marshall series (left) and from the ECHAM6-wiso model (right).
In both cases, we see a peak at 0.22 month-1.


Extended Data Fig. 7 SAM vs temperature correlation.
Map of the correlation between SAM and 2-m temperature (T2m) from the ERA- Interim data (a) and from the ECHAM6-wiso free simulation (b).


Extended Data Fig. 8 SAM vs pressure correlation.
Map of the correlation between SAM and precipitation from the ERA- Interim data (a) and from the ECHAM6-wiso free simulation (b).


Extended Data Fig. 9 dln vs SAM correlation.
Modelled correlation between dln and SAM as obtained from the ECHAM6-wiso model for a pre-industrial run.


Extended Data Table 1 Correlation coefficients between d-excess, dln and Tsource for the three East Antarctic ice cores EDC, Vostok and Dome FFull size table
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