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Introduction

* |cy ocean worlds (and Mars) may undergo high or low
temperature hydrothermal activity

* Their redox evolution is tied to hydrothermal activity

* We are coupling geophysical models to geochemistry to
investigate these topics
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Commencement of oxygenation
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Plan etPrOfiIe Geophysical methods can test for

github.com/vancesteven/PlanetProfile results of water-rock interaction
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3FCQSiO4 + 2H20: 2FC304 + 3SlOg(aq)+2H2(aq)

fayalite + water = magnetite + silica + hydrogen

3FeSi03+H,0= Fe304 + 3S1045(aq)+Hz(aq)

Heat

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

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

forsterite 4 water = brucite + serpentine.

V(t) = 4/37(R% — Ry(D)°)
n., =V/V,
fo / fo x,= 0.7
. > = 0.1
Hserp = XoILserpnfo &

o2 .
H, — gxoleanfo
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Choblet et al. 2018
Hsu et al. 2015

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



Plume composition
measured by INMS
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10°

Amorphous silica saturation at 0°C, pH 11
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Titan:

density structure werieta. 2020

atmospheric Ar and N wiser et . 2019

are evidence of an organic-rich interior

a. Model 1 b. Model 2

Ice | layer Ice | layer

Deep salty ocean
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Dry silicate
Model 2 + CM

Hydrous silicate-troilite mixture
Model 1 + CM

Fe-FeS eutectic core

Neri et al. 2020 (oral P52B-04)



High-density ocean and thin ice shell are
required by Cassini gravity data it et ai. 2014)

This seems to imply early leaching of materials
into Titan’s ocean (teitner and Lunine 2019)

Which would have consequences for the

thermal and compositional state of the interior
(Castill-Rogez and Lunine 2010)
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Interior heating models

Bulk composition
approximated as
rock “parcels” from
surface to core

C, H, O, S (N to be implemented)
extracted from the interior, forming the ocean

Heating in the interior caused by
radioactive decay and/or tidal
dissipation
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Cumulative fluid and melt in Europa

Silicate

Total
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Heating homogeneously (left to right on graph).
Fluids are removed from the system as they are produced.

Calculated using free energy minimization with Perple_X
(Connolly 2005, EPSL; 2009 G3; Connolly and Galvez 2018, EPSL).

38



moles per kg H,O

mineral grams per kg H,O
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Conclusions

Hydrothermal activity may be a major source
of reductants, and thus key to habitability

Hydrothermalism generally determines the
chemical conditions in ocean worlds

Future missions will help us understand
hydrothermal activity in ocean worlds

We can use models to anticipate the
signatures of different hydrothermal scenarios



Hand sample evidence for serpentinization occurring on Mars

a) Serpentine in the Lafayette nakhlite. (Hicks et al. 2014, Geochim. Cosmochim. Acta.)
b) “lddingsite” and siderite in Lafayette. (Treiman 2005, Chem. Erde.)



Examples of serpentine-filled cracks in terrestrial ultramafic rocks

Backscattered electron images of partially serpentinized peridotite from the Josephine ophiolite
(Sonzogni et al. 2017, J. Min. Pet. Sci.)



Geologic setting of the hydrothermal system:
Serpentine is mainly located in Noachian terrains

A Claritas Rise
FRT0000634B #& s,

Ratioed spectra (offset)

rawlll
10 15 2.0 25
Leask et al. 2018 Geophys. Res. Lett. Wavelength (um) Dohm et al. 2009 J. Volcanol. Geotherm. Res.

East Longitude



Depth: 15 km

Impact-generated, or volcanic hydrothermal systems?
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Temperature distribution and direction of fluid flow 20,000 yr after impact.

Maximum lifetime of a 100 km crater hydrothermal system = 290,000 yr.

Schwenzer and Kring 2009 Geology; Abramov and Kring 2005 J. Geophys. Res.



mineral abunance [%]

The host rock composition and water-to-rock ratio
determine if serpentine formation is favored or not
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Ultramafic martian meteorites (Chassigny) produce more serpentine than martian basalts
(Humphrey).

Batch water-rock equilibrium models from Schwenzer and Kring, 2013 (/carus).
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The end






1y A . ‘
i )

i K :
. : : 3 ‘B :T\j e |
: X : P St 3 \ v ‘
)X ¢ serpentine (definitive) ~ [J serpentine (probable) @ no serpentine \

Ehlmann et al. 2010



Martian Methane

Methane abundance [ppb]

Geological provinces
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Martian Methane
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NASA-Selected Europa Instruments

ICEMAG

MASPEX

Magnetometer
Mass Spectrometer .
sniffing atmospheric SUDA sensing OF:ean PIMS
e properties
composition Duet Analyzer Faraday Cups
surface & plume plasma

composition environment

E-THEMIS

Europa-UVS
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UV Spectrograph Thermil_lma?er Ice-Pentrating Radar
surface & plume/atmo- searching for plumbing the ice shell
sphere composition hot spots

Narrow-angle Camera +

MISE
IR Spectrometer
surface chemical
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Wide-angle Camera
mapping alien landscape in
3D & color

Remote Sensing In Situ

Copyright 2018 California Institute of Technology. Government sponsorship acknowledged
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Europa Clipper Spacecraft and Flybys
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Ice |

Ice VI

Moment of Inertia =0.3318

prock~2900 kg m-3

Vance et al. 2018 JGR: Planets

Mitri et al. 2014
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Tidal Heat in Present Day Europa
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Tidal Heat in Present Day Europa

Silica near melting
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Sotin et al. 2009, Tobie et al. 2003



eccentricities evolved
through time
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