
GEO 325M Spring 2020
Class project: Formation of chaotic terrains on Jupiter’s moon Europa 



Habitable zone
Sounds good, but is largely BS



Habitable Zone (surface water)



Follow the water



… but Mars is a pretty dusty place.



Introduction to Icy Ocean Worlds



Icy moons in the outer solar system



What if the water is not on the surface?





These are (thought to be) internal oceans!



Tidal heating of moons



How do we know there is water?
Enceladus (Saturnian moon)



Europa (Moon of Jupiter)



Three upcoming space missions!

1. Europa Clipper (NASA - JPL): Europa 
https://www.jpl.nasa.gov/missions/europa-clipper/
Launch: 2022, Arrival: 

2. JUICE - Jupiter Icy Moons Explorer (ESA): Callisto and Ganymede
https://sci.esa.int/web/juice
Launch: 2022, Arrival: 2030

3. Dragonfly (NASA-APL): Titan
https://dragonfly.jhuapl.edu/
Launch: 2026, Arrival: 2034

 Exciting area to get involved in now.

https://www.jpl.nasa.gov/missions/europa-clipper/
https://sci.esa.int/web/juice
https://dragonfly.jhuapl.edu/


High pressure ice structures

Figure 3. Thermodynamic 
properties of pure 
H2O+NaCl(aq) solutions (left) 
and ices (right) vs pressure 
and temperature computed 
using SeaFreeze over the 
entire range of validity, 
encompassing the conditions 
found in Callisto’s hydrosphere 
(roughly comparable to those 
in Titan). Stars for the solution 
thermodynamics correspond 
to the freezing point of pure 
H2O along each isotherm. 
Modified from [21][22].



Evolution of Callisto’s Ocean



Internal Ocean between two ice layers

Vance et al (2020)



Mass transport across high-pressure ice

Journaux et al. 2017



Journaux et al. 20222



Water-rich exoplanets?



Basic Research Questions

• Mass and energy transport across the ice

• Solubility differences between ices - > salt accumulations

• Feedback between salt and partial melting

• Wholesale exchange between ocean and (formerly) dense ice
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