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Methane abundance [ppb]
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Choblet et al. 2018

1. Passive influx of cold water from salty ocean into
porous rocky core

2. Water heated in core rises in narrow plumes
and interacts with rocks

3. Hotspots at the seafloor

4. Transport of heat and rocky material through ocean

5. Localised heating at ocean-ice interface thins ice shell

6. Jets of water vapour and particles erupt from fissures

NASA/JPL/ LPG-CNRS/U. Nantes/U. Angers/ ESA
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lae.g., Zolotov and Kargel 2009
b Brown and Hand 2013



The Surface Radiation Environment of Europa
e CHNOPS
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“Plate Tectonics” on Europa

truncated older

ubducting plate denser
an deeper, warmer ice

S

subsumption of plate
into shell interior

Kattenhorn and Prockter 2014



Europa

W

NASA/JPL/University of Arizona

___ Floating blocks

Collapsing melt lens

Schmidt et al. 2011 Sotin et al. 2002
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High-T Hydrothermal Reductants

— lmm) T (107 moles yrt) —
CH, 4.9 0.15
H, 12.0 3.6
H,S 33.0 1.0
Fe2+* 0.30 0.09

1) McCollom 1999
2) McCollom (1999), scaled from Earth’s 3x10'3 kg yr! (Elderfield and Schultz 1996)
*flux Fe?* could be higher if Europa has less iron in its core.

Hand et al. 2007, 2009

Volcanic hydrothermal flux should scale with Europa’s heat:
Q=H/c, AT (Lowell and Dubose 2004)

assume AT=350°C and 2-6 mm H, (Holland 2002)



Low-T Hydrothermal Reductants

A reducing mantle interface without
tides heating the rock






Vance et al. 2007, Vance and Goodman 2009
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A cracking model is applied to a cooling mantle
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3F€2Si04 + 2H20= 2F€304 + 38102(aq)+2H2(aq)

fayalite + water = magnetite + silica + hydrogen

3FeSi0O3+H,0= Fe304 + 3Si045(aq)+Hs(aq)

Heat

ferrosilite + water = magnetite + silica + hydrogen. 41 kJ/mol olivine

2Mg,Si0, + 3H,0 = Mg(OH), + Mg;Si;O5(0H),

forsterite 4+ water = brucite 4 serpentine.



Now accounting for estimates of H, and O, from the Earth System

YiistaroQ Oug pu

Pon
O Iklluo

Va mala )

D Exposed Precambrian rocks

. Covered Precambrian rocks

@D H,>30%

QO H,>10%

D H.>1%

O H,<1%

Sherwood-Lollar et al. 2014



Ilce Shell Thickness (km)
20 10

EE - O40 30 . ;
E\ 1 O12é ;
EPC :
E 1 08 E (pr‘esent day mantl‘e radiogenic hea‘t | | | EE
~O 0.5 1 1.5 2 2.5 3 3.5

Tidal Heating in Europa’s Seafloor (TW)

Vance, Hand, and Pappalardo, 2016



PlanetProfile

github.com/vancesteven/PlanetProfile

Vance et al. 2018 JGR: Planets
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Ice |

Ice VI

Mol =0.3318

prock~2900 kg m-3

Vance et al. 2018 JGR: Planet
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(Morrill et al. GCA, in revision)
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