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We show clathrates—gases trapped in water 
ice—accumulating at the base of the ice shell are 
entrained throughout the shell. This entrainment 
slows convection and thickens the conductive lid 
across a range of ocean worlds, potentially 
preserving sub-ice oceans but limiting avenues 
for material transport into them.

Data & Results: We used computer models and 
recently available physical data for ices and 
clathrates to improve available theory regarding 
solid state convection based on constraints from 
the Cassini and New Horizons missions.

Significance: The pronounced effect of 
clathrates on heat transport has the potential to 
preserve sub-ice oceans, while simultaneously 
limiting transport of materials across the ice.
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