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Europa!



Jupiter’s family portrait!

Io! Europa! Ganymede! Callisto!



Moons of the Solar System!



Io in action!



Io – Jupiter's Volcanic Moon!

100 times more volcanic 
than Earth!! !

Ground temperature: 110K!

Bright areas: Fresh sulfur 
frost!
!
Yellow-Brown areas: older 
sulfur compounds!

Nowhere else in the Solar System !
do volcanic processes !

so dominate everything we see as on Io!



Orbital Clockwork!



Swinging Moons!



Periodic tug of Europa makes 
Io's orbit slightly elliptic !

(e ~ 0.004)!



Tidal Heating!

Difference in tidal bulge !
from closest to farthest from 

Jupiter: !
100 m (~300 ft)!

MASSIVE FRICTION!!!!

 
Close to Jupiter: 
large tidal bulge 

 
Far from Jupiter: 
small tidal bulge 



Tidal heating !
keeps Io's interior molten!

Iron rich core!

Molten silicate interior!

Thin silicate crust!



Europa has less tidal heating!



Evidence for Convection!

Ice diapirism!
(Pappalardo et al. 1998, Nature, 391, 22!

Pappalardo et al. Journal of Geophysical Research, 1999, 104, 24015) !



“Pull-apart” bands!
(Tectonic faults, like mid-ocean ridges)!

Evidence for Convection!



Chaos regions!
(large areas of melt that refroze)!

Evidence for Convection!



Evidence for Convection!

Ridges!



Evaporites!



Non-synchronous rotation!
Geissler et al. 1998!



Induced magnetic field!



Ice Convection!



Europa Clipper!

Reconnaissance: 45 flybys, as low as 25km!
Radar to determine ice’s thickness!

High resolution camera!
Identify future landing sites!



Ice Convection: Statement of the Problem!

Dynamical equations! Ice Rheology!

Parameters!

Rayleigh number!

Tidal heating!



Inputs!



Ice Convection: Statement of the Problem!

Dynamical equations! Ice Rheology!

Parameters!

Rayleigh number!

Tidal heating!



Ice Convection: Statement of the Problem!

Dynamical equations! Ice (Newtonian) Rheology!

Parameters!

Rayleigh number!

Tidal heating!



Streamfunction Approach!



1.  Calculate Ψ 
2.  Update T  
3.  Recalculate Ψ 

Solution Method!

Method: 
•  SOR – Successive Over-Relaxation 
Boundary Conditions: 
•  Periodic in x 
•  Free-slip in z 



State of the art!

McNamara et al.  – 2D Earth Mantle Convection!



State of the art!

Han and Showman (2010)!
!

2D, Resolution 100x100!



Local Box model!

 ~ 20x20 km!
(Resolution: 20m for 1024^2)!

Viscosity changes over!
1020!

in 20 km!!!!





Temperature structure and terrain morphology!



Parameter space!



Parameter space!



Parameter space!



Parameter space!



Parameter space!



Parameter space!



To be done:!

•  Consider more realistic equation of state for the ice. 
 
•  Include melting and different grain size. 
 
•  Code 3D model. 
 
 

Thanks!!


