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Combination of remote sensing techniques 
give estimates of mass loss. Need to be 
combined with in situ measurements of the 
underside (80-90 % below sea level) 

Net mass loss of Antarctic glaciers 



Warm water flows southwards in deep troughs on the continental shelf 



The oceans below floating ice shelves are essentially unknown – but can be 
explored by AUVs 



Holt et al., GRL, 2006 

Rignot et al., Science, 2011 

Thwaites  - the ‘soft underbelly’ of WAIS 
Ice flow velocities 

Vaughan & Arthern, Science, 2007 
based on Weertman, 1974 and Schoof,  2007 



Thwaites ice front (300-500 m thick ice) 
Open questions for Thwaites ice cavity (300-1000 m thick ice) 

• Bathymetry 
• Ice thickness 
• Small-scale features of ice and bathymetry 
• Water temperature 
• Ocean currents – strength, origin,++ 
• Melt rate 
• Processes causing melt 

Photo: Peter Sheehan 
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Existing bathymetry is based on gravity inversions. Can be several 
100 m error (often deeper than predicted by gravity) 
Gravity inversions too large footprint to capture deep troughs 



International Thwaites Glacier Collaboration:  
Huge investment by US and UK to get new and much needed facts.  
First field activity was expedition with NB Palmer in 2019 

Photo: A. Mazur 

https://thwaitesglacier.org/ 



Rapidly changing conditions – were exceptionally lucky to get in (first ship here) 





Ship track NBP19-02 

Hydrographic survey 
Gliders 
Seal tagging 
 
 
 
 
 
AUV missions 



Shipboard geophysical data 

• 12 kHz EM122 multibeam echo sounder on RVIB 

Nathaniel B. Palmer 

• 1900 line-km (3250 km2) of new bathymetry data in front of  

Thwaites 
 

• Mapping revealed deep channels (>1000 m) and shallow areas 

that may have acted as former pinning points for TG 



AUV missions under Thwaites 
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Fine-scale bathymetry 



 
Comparison between shipboard and new AUV bathymetry 

Orders of magnitude 
increase in resolution, 
transforming our ability to 
image recently deglaciated 
landscapes in Antarctica 

200 m 



Side scan sonar (high frequency, 400 kHz) 



No one has seen structures like this before (resolution dm) 





Photo: Linda Welzenbach 



Water mass properties and large-
scale bathymetry 



AUV missions under Thwaites 

PIB Thwaites channel 
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Temperature in deep troughs: 

CTD (from ship) 

AUV Ran 
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Depth Depth 

Temperature Temperature 

Track lines color coded by… 

Utp  
transponders 
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(A) Temperature versus salinity for 

the ship-borne CTD stations in Pine 

Island Bay (green), Thwaites Trough 

(blue), and at the Northern Thwaites 

ice shelf edge between the Eastern 

Ice Shelf and the Thwaites Glacier 

Tongue (cyan) together with AUV 

data from the western trough 

missions (red) and eastern trough 

mission (black). Inset: CTD stations 

and AUV mission lines (colors 

according to legend). (B) Salinity 

versus depth for the upper 700 m (C) 

Salinity versus depth for water 

deeper than 700 m on expanded 

depth and salinity scales. 

Ice shelf 

PIB 
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Deep water, TS properties: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 



2019-11-13 Presentationens namn 32 

Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Temperature-salinity, zoomed scale: 

Other source water 
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Using the high accuracy of the 

chemical sensors we can trace 

the origin of the water below 

Thwaites. Our results show that 

the deep water in the ice cavity 

is in connection to Pine Island 

glacier further West, probably 

through an unknown tunnel 

 

Results are still being analysed 
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Yellow = deep (> 1000 m) 
Blue = 500-600 m 
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CTD at ice shelf edge (North face) 
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Summary: 
 
- New processes active on pinning point during deglaciation. Not 

yet understood 
 

- Pathways of deep and intermediate water shows that 
bathymetry is not correct – deep connection to PIB, ice 
blocking intermediate water from PIB and ridge blocking deep 
water from Thwaites channel 



Thank you! 


