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Final thickness of the subsurface ocean as a function of the ice

# We investigated stability of the Pluto’s ocean with variations of: reference viscosity for three core sizes.

- Water-rock volume ratio (core size; small/medium/large) | arae core : mall cor

- Radioactive isotope abundances (Cl/Ordinary chondritic) J Medium core >mall core
- Initial state of water layer (entirely molten (hot start) / frozen (cold start)) -
- Ice reference viscosity (1x20 - 5x10" Pas) R — eeeeeeetCofd oo

- Mean surface radius=1188.3 km, Bulk density=1.88 g/cc (indicating 30-35 wt% of &)
- No detectable flattening implies warm/deformable interior (ocean?) [1]

- Reorientation indicates that the ocean currently exists [2]

- Extensional tectonics with strong J spectral signature [3, 4]

Astrobiological/geophysical interests to investigate the conditionghich Pluto may retain an ocean

Radioactive elements with

# We've got results as follows: ordinary chondritic abundances

- Large ice viscosity leads thicker ocean.

- Ordinary chondritic abundances lead thicker ocean.

- Smaller core leads thicker ocean.

- Initial state does not affect the current ocean thickness.

- Present Pluto may have a subsurface ocean if the ice shell is purely-con
ductive or only weakly convective, and its thickness is largely uncertain
and could be 20-130 km, depending on the ice reference viscosity.

- Former numerical work for the Pluto’s ocean [5] considers only a fixed water-rock ratio (only ice-lh
appeared case) and an initially frozen state.

T e . Cl-chondritic|
What we did? Further numerical investigations under various parameters for, BVARN i
- various water/rock volume ratio

- radioisotope abundances (Cl chondritic/ordinary chindritic)
- Ice reference viscosity

- Initial thermal state (entirely frozen/molten water layer)
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9 - for the liquid layer (subsurface ocean), “Parameterized Convection Theory”. (salinity changes with freezing the ocean).

- liquid water and rocky material:

Cold start
Entirely frozen
H, O layer in initial
- Entirely iso-T of 250 K

# Rheologies
- liquid water: n,, = 107 Pas

|ce-lh crust

Ice-lll layer

831 Ty

PURE Eq 13 17
- solid ices:  Nice = Nrer EXP R T ( Fl) Nrer = 1% 107°~5x 10*" Pas [/]
glm

--> Surface: 44 K km r
- rock: Nrock =4.9% 10%exp(23.25T,,/ T) [8]
Only ice Ihis  Both ice Ih and ice # Assume that the molten water ascends instantaneously from the core surface to the ocean (or the triple point depth), which
appeared. Il can be appeared. corresponds to the extreme case Iin which the core surface and the ocean are directly connected through a stable upwelling.

Concluding Summany

Restuilts: Evolutiom of/thecPHitd!s’ oceanrthicknesss

Cl chondritic abundance of radioactive isotopes : Ordinary chondritic abundance of radioactive isotopes We investigated Pluto's thermal evolution and stability of the
: : subsurface ocean, and their dependency on the interior struc
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