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The West Antarctic Ice Sheet (WAIS) is thinning at an accelerating rate, driven by melting 

at its margins by warm Circumpolar Deep Water (CDW). However, this understanding is 

largely based on observations from recent decades, leaving the long-term influence of 

ocean temperature on WAIS stability uncertain. Here we reconstruct bottom water 

temperatures and water mass properties over the past 18 kyr using benthic foraminiferal 
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the shelf. Wind-induced Ekman pumping may also influence the depth of the on-shelf thermocline 

and thus drive higher melt rates8,11,12. One model13 was able to relate two recent periods of 

accelerated thinning of Pine Island Glacier in 1974-87 and after 1994 to simulated increases in 

CDW influx. Conversely, another model8 was able to show 
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Given the modelled sensitivity of the WAIS to CDW-induced melting on decadal14 and millennial 

timescales21 and the potential uncertainty in the magnitude of future global sea-level rise from the 

ASE drainage sector, there is a fundamental need to constrain past oceanographic changes 
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Results and discussion 

 

Mg/Ca and 
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spanning the past 150 years, indicates that Late Holocene BWTs were cooler than from ~18.0 to 

9.8 kyr BP.  

 

Inner shelf sites PS75/160-1 and PS75/167 (Fig. 2b) span the time interval after ~10.46 kyr BP, 

when ice had retreated to a position close to present22. They are characterised by a shift to lower 

Mg/Ca and higher 
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The long-held view is that deglaciation of the WAIS following the LGM was driven by a 

combination of rising sea levels 
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emerges as a key control on the exchange of warm water onto the Amundsen Sea shelf. A 

poleward-shifted SHWW would bring the ACC closer to the continental margin, promoting 

upwelling and enhancing basal melting. A similar mechanism has been proposed for deglaciation 

in the western Ross Sea (JOIDES Trough)54 where retreat after ~19.6 kyr BP coincides with 

higher subsurface ocean temperatures linked to a southward SHWW shift. However, a notable 

feature of our CDW record 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 
 

3e), yet had no significant impact on the grounding lines of Pope, Smith, Thwaites and Pine Island 

glaciers. This is consistent with the idea that CDW was the dominant driver of past ice-sheet 

variations and supports modelling results, which indicate that warm water accessing ice shelf 

cavities and the ice-sheet margin leads to faster retreat58. Conversely, once the ocean driver is 

removed or muted, the grounding line can stabilise on high points in the bed15. However, while 

the grounding lines of Pope, Smith, Thwaites, and Pine Island glaciers remained relatively stable 

during the Holocene, ice shelves and glaciers on the eastern side of the embayment continued to 

evolve39,59. The early-to-mid-Holocene retreat of the Cosgrove Ice Shelf has been primarily 

attributed to atmospheric warming, and specifically the strengthening of the Amundsen Sea Low39 

linked to warming in the tropical Pacific. This may imply divergent drivers during the Holocene, 

whereby variations in WAIS retreat along the Marie Byrd Land coast were muted in response to 

a reduction in CDW, while other parts of the glacier system remained sensitive to enhanced or 

peak atmospheric warmth from ~6
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the SHWW varied throughout the Holocene without consistently affecting BWT in the Amundsen 

Sea61,62. Again, this could indicate additional drivers are important i.e., growing influence of ENSO 

during the Holocene63, or simply reflect the variable temporal resolution of our Holocene 

palaeoceanographic dataset, which is unlikely to capture higher-frequency, decadal-scale 

variability. What is clear however, is that the amplitude of ocean thermal forcing was greatest 

during the post-LGM deglaciation (18-10.1 kyr BP) and was reduced during the Holocene, 

perhaps intensifying again in the twentieth century in response to a combination of consistent 

ENSO during the 1940s followed by enhanced anthropogenic warming after the 1950s43.  

 

Implications for future WAIS retreat 

 

Glaciers in the Amundsen Sea drainage sector are retreating rapidly, with no indication that these 

changes will be reversed in the coming century4. Contemporary mass loss is linked to the 

poleward transport of warm Circumpolar Deep Water (CDW), which has intensified in recent 

decades8,9,17, with the magnitude of ocean-driven melting being considered the key variable 

determining future sea-level rise from Antarctica64. Our reconstruction of BWT and water-mass 

variability (
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Methods 

 

Core material and chronology  

Our coring strategy targeted shallower sites because prior experience indicated that this 

increases the likelihood of recovering records that contain calcareous microfossils72 but are 

situated deep enough to capture a CDW signal. Gravity 
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showed surface contents of unsupported 210Pb of about 81 mBq/g with a tendency for exponential 

decline with depth in the upper 6.5 cm (Supplementary Fig. 4). Below about 6 cm core depth the 
210Pb activity was at the detection limit or lower. 137Cs concentration was below the detection limit 

throughout. The 5.9 m long vibrocore VC436 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 
 

particles removed. The cleaned samples were dissolved in ultra-pure nitric acid (0.1M HNO3), 
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limited number of data points in this range. It would be possible to apply a scaling factor of 0.3 

and remain within the confines of the 95% confidence intervals of the calibration (blue line 

Supplementary Fig. 2) to produce BWT closer to the measured modern-day temperature range (-

1.89 to +1.79 °C; Supplementary Data 1) but this would require verification by further modern 

surface sediment calibration. This approximation might offer an alternative input for ice-sheet 

modelling studies83,84, which aim to investigate the role of ocean forcing on ice-sheet variability. 

Such studies have previously used outputs from an archived atmospheric-oceanic global climate 

model simulation85 that potentially omits regional variability. Propagation of the replicate error 

(
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10911 and 7938 yr BP for 
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Data availability 

Trace metal (Mg/Ca, Mn/Ca), 
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Figure Legends 

 

Figure 1 I Maps of the Amundsen Sea Embayment and reconstructed glacial history. a. 

Bathymetric map with core locations (coloured symbols) showing the main pathways of warm 

Circumpolar Deep Water (CDW; black line). Grey shaded areas: grounded ice; white areas: ice 

shelves. Bathymetry is derived from BedMachine87 https://nsidc.org/data/nsidc-0756/versions/3. 

Coastlines are from the SCAR Antarctic Digital Database (accessed 2021).  

https://www.scar.org/resources/antarctic-digital-database/ available under a CCBY 4.0 license 

(https://creativecommons.org/licenses/by/4.0/deed.en) following the information at this link 

(https://scar.org/library-data/maps/add-digital-database). No changes were made. b. 

Reconstructed glacial history 20-10 kyr22-25 showing extent of grounded ice (dark shading) relative 

to core locations. Note that the grounding line (dotted line) had retreated close to its modern 

position by ~10 kyr. Inset (left corner panel a), shows the location of the study area within the 

wider context of Antarctica, with colours showing mass loss from Antarctica (2003-2019)88 

available under a CCBY 3.0 license (https://creativecommons.org/licenses/by/3.0/deed.en) 

following the information at this link 

(https://digital.lib.washington.edu/researchworks/items/b60f8b8c-ecd4-4f3c-a0be-

5c9201dbd894/full). No changes were made. Highest mass loss rates (red shading) occur along 

the Pacific-facing coast of West Antarctica, driven by warm CDW. WAIS: West Antarctic Ice 

Sheet; EAIS: East Antarctic Ice Sheet; PIG: Pine Island Glacier; PIG-IS: Pine Island Glacier Ice 

Shelf; PIB: Pine Island Bay; TG: Thwaites Glacier; TGT: Thwaites Glacier Tongue; EIS: Eastern 

Ice Shelf; PG: Pope Glacier; SG: Smith Glacier; AIS: Abbot Ice Shelf; CIS: Cosgrove Ice Shelf; 

CrIS: Crosson Ice Shelf; DIS: Dotson Ice Shelf; GIS: Getz Ice Shelf; Ferrero Bay: FB. Also shown 

are the Walgreen and Bakutis coasts (panel b). 

 

Figure 2 I Outer and Inner shelf Mg/Ca and 
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Figure 3 I Comparison of palaeoceanographic changes in the Amundsen Sea Embayment 

(ASE) with glacial history (top axis; GL: grounding line) and (sub-)Antarctic climate proxy 

records. a. Mn corrected Mg/Ca data (3-point moving average; red line) for the Amundsen Sea 

shelf, indicating warmer/cooler bottom water temperature (BWT) throughout the past ~18 kyr. The 

vertical dashed line denotes significant change-points 10.1-7.9 kyr BP in the Mg/Ca (and 
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Editorial summary: Amundsen Sea records show warm Circumpolar Deep Water drove major West 
Antarctic Ice Sheet retreat from 18,000
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