
Convection on Jupiter’s Icy Moons as 
a Consequence of Tidal Forces

Leonardo Sattler Cassara

Wladimir Lyra





Source: Greenberg (2005)



Orbital Configuration

Orbital period: 3.5 days  -
Resonance



Arguments for Liquid Ocean

Kivelson et al. (2000)

Type I ice + high pressure



Arguments for Convection

- Tidal Heating    Thermal Evolution

- Few Number of Craters  Resurfacing

- Viscosity strongly depends on Temperature

- Thermal Eq. + Temp. Gradient = 
Convective Layer

Pappalardo et al. (1998)     
Nimmo et al. (2003)

Sotin et al. (2004)
Barr and Showman (2009) 



The Model

Rheology and Internal Heating:



The Model

Incompressible Fluid: 

Boussinesq approximation: 



The Model

Governing Equations:



The Model
Stream function approach:



The Model
Stream function approach:





CitcomS
California Institute of Technology Convection in the Mantle -
Spherical

Blankenbach et al (1989)



Results



External Features

Pits and Domes

Diapirism

Chaotic Region



External Features

Ridges Pull apart
bands



Results –
Dynamical Topography



Surface Weakening and Resistance

• Lee et al. (2005): underestimated fracture depth for Europa (> 100m)

• Han and Showman (2008): included surface weakening (as Zhong et 
al., 1998 )

• Wahr et al. (2009): NSR + viscoelastic body 



Results: double ridges



Future Work

• More Modelling: different parameters

• Improve Stress: SatStress

• Global Model

• Model for Cycloidal Ridges



Thanks!


