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Albedo Dichotomy

leading dark side - albedo 0.04

trailing bright side - albedo 0.6

exogenous origin - volcanism

endogenous origin - deposits
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Flattening

747.4± 3.1× 712.3± 2 km
consistent with Trot ≈ 16h

observed Trot = 79.33 d

frozen shape: Robuchon et al.
[2010], Castillo-Rogez et al.
[2007]
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Equatorial Ridge

endogenous origin: Ip [2006],
Levison et al. [2011]

origin due to contraction:
Sandwell and Schubert [2010]

origin related to convection:
Czechowski and
Leliwa-Kopystynski [2008]
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Governing Equations

∇ · ~v = 0

−ρD~v

Dt
−∇π +∇ ·

(
η
(
∇~v + (∇~v)T

))
+ ρ~f = 0

ρ0cp

(
∂T

∂t
+ ~v · ∇T

)
= ∇ · (k∇T ) + q+σσσ : ∇~v

 Ωt×(0, T ]

ρ = ρ0(1− α(T − T0)), α = const > 0

η = η(T, ε̇II , d)

k = const > 0, cp = const > 0

~f = ~g(|~x|) +~b(~x)
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Boundary Conditions

(Γ1 ∪ Γ2)× [0, T ]: symmetry

Γ3 × [0, T ]: no-slip, zero heat flux

Γt × [0, T ]: free-surface, prescribed
temperature

Ωt ΓtΓ3

Γ1

Γ2
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Variable Density Approximation

Ω ⊃ Ωt, ∂Ω = Γ1 ∪ Γ2 ∪ Γ3 ∪ Γ4

Γ4 × [0, T ]: free-slip, prescribed
temperature

ice := {~x | ~x ∈ Ωt}
air := {~x | ~x ∈ (Ω− Ωt)}

ρ0,air � ρ0,ice, η0,air � η0,ice

Ω
Ωt

Γt Γ4Γ3

Γ1

Γ2
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Surface Tracking
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Surface Tracking

material surface H(r, θ, t) = 0

evolution ∂H
∂t + ~v · ∇H+ε∆H = 0

“nice” surface deformations allow r = h(θ, t)

symmetry BC on poles
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Implementation

Stokes problem: solved in Ω, FD on staggered
grid

Balance of energy: solved in Ωt, FD,
semi-implicit with upwinding

Advection of surface: FD, semi-implicit with
upwinding, linear interpolation of ρ near
surface

θ

r
j − 1 j j + 1

i+ 1

i

i− 1

∆θ

δ
r

∆
r
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Radiogenic Heating Without Centrifugal Force

10 / 35
Thermal convection with evolving surface in a rotating icy satellite

N



Iapetus Model Results References

Radiogenic Heating With Centrifugal Force
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Manual Exponential Despinning
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Manual Exponential Despinning
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Manual Exponential Despinning

Figure: Iapetian ridge profile Giese et al. [2008]
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Manual Exponential Despinning
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Manual Exponential Despinning
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Consistent Despinning

E = 50 kJ.mol−1: ηmax = 1022 Pa.s, ηair = 1019 Pa.s
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Consistent Despinning
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Consistent Despinning

E = 50× 103 kJ.mol−1: ηmax = 1022 Pa.s, ηair = 1019 Pa.s

IC: T (~x, 0) = Tint due to SLRI

spin-rate evolution:

dω

dt
=

3

2

k2 (t)GM2
pa (t)

5

D6Q (t)C (t)

Andrade rheology:

σσσ(t)− ηsym(∇~v) = −
∫ t

0

η

µ
σσσ(τ) dτ −

∫ t

0

αβ(t− τ)α−1σσσ(τ) dτ
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Aarhenius + Plasticity with Convection
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Aarhenius + Plasticity without Convection
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Delayed Convection, Tinit = 240K

16 / 35
Thermal convection with evolving surface in a rotating icy satellite

N



Iapetus Model Results References

Delayed Convection, Tinit = 240K

16 / 35
Thermal convection with evolving surface in a rotating icy satellite

N



Iapetus Model Results References

Delayed Convection, Tinit = 240K

16 / 35
Thermal convection with evolving surface in a rotating icy satellite

N



Iapetus Model Results References

Delayed Convection, Tinit = 260K
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Delayed Convection, Tinit = 270K
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Delayed Convection, Tinit = 270K
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Deformation Mechanisms of Ice

dislocation creep, superplastic flow, basal slip creep follow

ε̇ = A
σn

dp
exp

(
−Q+ PV

RT

)

Regime A MPa−ns−1 n Q kJ.mol−1

Dislocation T < 258 K 4.0× 105 4 60
Dislocation T > 258 K 6.0× 1028 4 180
Superplatic T > 255 K 3.9× 10−3 1.8 49
Superplasic T > 255 K 3.0× 1026 1.8 192
Basal slip 5.5× 107 2.4 60

Table: Goldsby and Kehlstedt [2001]

diffusive flow

ε̇ =
42σVm
RTd2

(
DV,0 exp

(
−QV
RT

)
+
πδ

d
Db,0 exp

(
− Qb
RT

))
constitutive equation

1

ηTOT
=
∑
i

1

ηi
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Diffusive Flow + Dislocation Creep +
Plasticity
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Diffusive Flow + Dislocation Creep +
Plasticity
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Diffusive Flow + Dislocation Creep +
Plasticity
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Diffusive Flow + Dislocation Creep +
Plasticity
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Diffusive Flow + Dislocation Creep +
Plasticity
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DDP,d = 1mm;Tinit = 240K
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DDP,d = 1mm;Tinit = 240K
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