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Introduction 

o The search for life beyond Earth depends 

on search for liquid water. 

o Images of Europa from Voyager I & II gave 

us first glimpse that it could be possible. 

o Maybe a dozen worlds in the outer Solar 

System could be candidates for liquid 

water oceans in their interiors. 

Enceladus 



Europa & Enceladus 

o Young surfaces resembling ice fields 

on Earth 

o Tidal heating 

o Water ice plumes above surface 

o Measurements of tidal Love 

numbers 

o Plans for future spacecraft visits 



Titan, Ganymede & Triton 

o Differentiated interiors 

o Oceans deep under icy surface 

o Ganymede:  

 Tidal heating 

o Titan & Triton: 

 Radioactive decay 

 Young surfaces of methane 

o Largest moons in the Solar 

System 

 



Are there more? 

o While only Triton could have a pure 

water ocean, the introduction of 

ammonia could allow oceans to remain 

liquid on many moons and dwarf 

planets including smaller objects like 

Sedna, Rhea and Oberon. 

o Oceans could be nearly 200 km deep on 

objects the size of Triton, Pluto and Eris. 

o Greatly expands the possible 

environments for life to form. 

 
Table taken from: H. Hussmann, F. Sohl and T. Spohn, Icarus 185 (1), 258-273 (2006). 



Conclusion 

o Far more objects in the solar system have 

large bodies of water on them than ever 

previously suspected. 

o Could increase the chance for life in the solar 

system (besides us) dramatically 

o Open questions remain, like number, 

temperature, stability, and whether life can 

survive in ammonia-water environments. 
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