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On the 7th of January 10
Jupiter is seen thus . @ A
oasi

On the 8th thus

F@

it was therefore direct and not retrograde

On the 12th day it is seen in this arrangement
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The t3th are seen very ciose to Jupiter 4 stars P **+« orbetter sO
On the 14th it is cloudy B
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the nearest to Jupiter was smallest the 4th was
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distant from the 3rd about double.
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The spacing of the 3 to the west was no
greater than the diameter of Jupiter and
they were in a straight line.

Ganymede Callisto



Source: Greenberg (2005)




Orbital Configuration
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Orbital period: 3.5 days -
Resonance



Arguments for Liquid Ocean

Type | ice + high pressure

Kivelson et al. (2000)




Arguments for Convection

Tidal Heating — Thermal Evolution
Few Number of Craters — Resurfacing

Viscosity strongly depends on Temperature

A=l s

pPK

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:

n(T) = no exp {A (

T,

7

I

~ Po gaATd?

Ra

Ko

5.2
EqW M

q=2[

212
1+ <8

|

)j

Name Symbol Values

Gravity g 1.3m s™?
Density 00 917 kg m™3
Thermal Expansivity ! 1.65 x 10™4K™!
Thermal Diffusivity K 1 % 10~ %m4g™
Specific Heat Giy 2000 J kg7 'K~
Top Temperature T; 95 K

Bottom Temperature 1 200 K
Reference Viscosity Mo 10'% Pa s

Tidal Flexing Frequency w 3.3 ¢ g™

Ice Rigidity 1 4 x 10° Pa
Amplitude of tidal-flexing strain ¢ 2.1 % 10°°

Ice Shell Thickness d 20 — 40 km




The Model

Dp o0p .
Incompressible Fluid: Dr = a +vgrad(p) =0
div(v) =0

Boussinesq approximation: (p — po)gi = —pogia(T — Tp)



The Model

—o., — Vp— (Raf)z =0
0z

Governing Equations: % +a-V0 = V29 4 C],



The Model

Stream function approach: V.- u=V .- (V x ¥) =0

ﬁo;z — Vp— (Rab)z =0
0z

; , Ou,  Ou,
0,, =2NE =1 97 -+ Py

F N (FY_OUN O OV 5
022 ' 022 0x? 83:82778:1:82 - ox



The Model

Stream function approach: V- u=V .- (V x¥) =0
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Nu value
= N W A U OO

<Vrms> value

Nusselt Number

CitcomsS

California Institute of Technology Convection in the Mantle -

Spherical
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Time [years x 10°]

<Vrms>

q2
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Time [years x 10°]

Blankenbach et al (1989)

Heat Flux x=0
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Time [years x 10

Heat Flux x=I
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Time [years x 10°]

Topography x=I

3 4 5 6 7 8

Blankenbach Case la - 8.52 x 107

Blankenbach Case la - 236.89 x 10° years

0.936

0.832

0.728

0.624

0.520

0.416

0.312

0.208

0.104

0,000

Blankenbach Case 2a -

Blankenbach Case 2a - 45.27 x 10°

71.26 x 10° years




Time: 0.6 Myr

Results




External Features

Diapirism

Pits and Domes Chaotic Region



External Features

Pull apart
bands




Results —
Dynamical Topography
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Surface Weakening and Resistance

* [ee 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



double ridges

Results

years

1.13 x 106



Future Work

* More Modelling: different parameters
* [mprove Stress: SatStress

* Global Model

* Model for Cycloidal Ridges







