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The Surface Radiation Environment of Europa
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“Plate Tectonics” on Europa
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Chaos on Europa



109  moles per year reductant sink from seafloor

Hand et al. 2007, 2009



High-T Hydrothermal Reductants

Abundance(1) 
(mm)

Flux at Europa(2)
(x109 moles yr-1)

CH4 4.9 0.15
H2 12.0 3.6

H2S 33.0 1.0
Fe2+* 0.30 0.09

1) McCollom 1999
2) McCollom (1999), scaled from Earth’s 3x1013 kg yr-1 (Elderfield and Schultz 1996) 
*flux Fe2+ 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/cw△T (Lowell and Dubose 2004)

assume △T=350°C  and 2-6 mm H2 (Holland 2002)



A reducing mantle interface without 
tides heating the rock

Low-T Hydrothermal Reductants



Hydrogen from interactions
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Neveu et al. 2014

Vance et al. 2007, Vance and Goodman 2009



y
xa

2L

A cracking model is applied to a cooling mantle

Vance et al. 2007, Vance and Goodman 2009

olivine
Grain size = 2L
Max flaw size = a

Neveu et al. 2014



Vance, Hand, and Pappalardo, 2016



H2

Heat
41 kJ/mol olivine



Sherwood-Lollar et al. 2014

Now accounting for estimates of H2 and O2 from the Earth System
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MoI = 0.3318
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