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Surface morphology
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Surface composition

UV-VIS-NIR Spectroscopy
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e Kuiper et al. (1957), Calvin et al. (1995) "=

 Sulfuric Acid Octahydrate (SAO)
* Carlson et al. (1999, 2005), Mishra et al. (2021)

SPHERE
best estimate

e Hydrated sulfates
* McCord et al. (1998), Dalton et al. (2007, 2012),
Ligier et al. (2016), King et al. (2022)

e Chlorinates 10.5
* Brown et al. (2013), Hanley et al. (2014), 60 8
Ligier et al. (2016), Trumbo et al. (2020) i} s &
M
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* Oxidants ® -
e Carlson et al. (1999), Hand et al. (2006), . . =
Trumbo et al. (2019) -2
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Why studying the surface ?

* Previous studies:
* Linear mixture model / Hapke model

CHARGED PARTICLES SUNLIGHT IMPACTS

* Spectral comparison
 [Low spatial resolution observations

 Objectives:

 Use accurate radiative transfer & bayesian
approach

* Use Galileo/NIMS high spatial resolution images

» Differentiate between endogenous and
eX0genous processes

What is the true surface composition ?
* What is the ice microphysics ?




Galileo/NIMS hyperspectral data

All observation with spatial resolution < 10 km/pixel

* NIR wavelengths:
0.7 - 5.2 ym

» Spectral resolution:
0.125 - 0.250 pm

Latitude (deg)

* Spatial resolution up
to 2.5 km/pixel (flyby)
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Galileo/NIMS hyperspectral data

All observation with spatial resolution < 10 km/pixel

* NIR wavelengths:
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» Spectral resolution:
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Test case: Harmonia Linea
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Reflectance
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Test case: Harmonia Linea
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Bright plains
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Test case: Harmonia Linea

Bright plains

Dark lineaments
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Test case: Harmonia Linea

Bright plains

atitude (j§leq)

Dark lineaments
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Reference spectrum

* Good spectral res.

* Distorted absorption bands
* Hard to fit !
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Compound selection

Extinction coefficient k
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Magnesium chlorate (Mg(ClO3);, 6H;0 - 80K)
Magnesium perchlorate (Mg(ClO4);, 6H;0 - 80K)
Magnesium chlonde (MgCl;, 4H;0 - 80K)
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Water & Hydrated sulfates

Crystalline H;0 (140K)

Amorphous H;0 (35K)

Hexahydnte (MgS04.6H;0 - 120K)
Epsomite (MgS0O4.7H;0 - 120K)
Bloedite (Na;Mg(S04);.4H;0 - 120K)
Mirabillite (Na;S0O4, 10H,0 - 100K)

— Sodium c?\]oride (NacCl - 80K)
{ —— Magnetite (Fe30y)

Sulfuric Acid
/ NaCl
Magnetite

| — Mascagnite (NH4)2SOg4 Mascagnite
‘ Sulfuric Acid Octahydrate (H2S04, 8H;0 - 77K)
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Compound selection

Latitude (deq)

 Kout of 15 potential endmembers
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Reflectance

—  Magnesium perchlorate (Mg(ClO4);, 6H,0 - 80K)

* Radiative transfer: Hapke et al. (1993, 2012)
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* \olume abundance, Grain size, Surface roughness
455,

(_):k!x( ") EEEp 1365 and 3003

combinations

 Bayesian MCMC
« DEMCz algorithm (Python mc3): Cubillos et al. (2016)

k=3,4and5

Which compounds to use ? Test all combinations !



Compound selection

 Kout of 15 potential endmembers

Crystalline H,0 (140K) >
Amorphous H;0 (35K) >
Hexahydrite (MgS04.6H;0 - 120K)

Epsomite (MgS0O4.7H;0 - 120K)
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Magnetite (Fe304)

Mascagnite (NH3)2S04

Sulfuric Acid Octahydrate (H,S04, 8H;0 - 77K)

 Radiative transfer: Hapke et al. (1993, 2012)

* \olume abundance, Grain size, Surface roughness

 Bayesian MCMC

« DEMCz algorithm (Python mc3): Cubillos et al. (2016)

Which compounds to use ? Test all combinations !
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Compound selection

 Kout of 15 potential endmembers

<—— Crystalline H,0 (140K) i —
—  Amorphous H;0 (35K) —
—— Hexahydnte (MgS04.6H;0 - 120K)
— Epsomite (MgS04.7H;0 - 120K) —
—— Bloedite (Na;Mg(S04);.4H;0 - 120K)

Magnesium chlonde (MgCl;, 4H;0 - 80K)
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Sodium chloride (NacCl - 80K)
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Mascagnite (NH4)2504 >

——  Magnesium chlorate (Mg(ClO3);, 6H,0 - 80K)
—  Magnesium perchlorate (Mg(ClO4);, 6H,0 - 80K)

 Radiative transfer: Hapke et al.

Sulfuric Acid Octahydrate (H,S04, 8H;0 - 77K)

(1993, 2012)

* \olume abundance, Grain size, Surface roughness

 Bayesian MCMC

« DEMCz algorithm (Python mc3): Cubillos et al. (2016)

Which compounds to use ? Test all combinations !
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Typical fit
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.| 10% (Carlson et al., 1992)
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All best-fit

e 2 scenarios:

 SNR of 5 (20% uncertainties)

 SNR of 50 (2% uncertainties)
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All best-fit

e 20% uncertainties: All acceptable
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All best-fit

e 20% uncertainties: All acceptable
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All best-fit

07 Best fit with RMS < 0.1160 | 1365 spectra | 4 endmembers
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All best-fit

o 2% uncertainties: few acceptable !
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All best-fit

o 2% uncertainties: few acceptable !
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All best-fit

2% uncertainties:

k =3, 455 combinatiol
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2% uncertainties scenario

Best fit with RMS < 0.0116 | 21 spectra | 4 endmembers
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Selection criteria

* RMS comparison = Goodness of fit per end member

e Spectral improvement factor =———]- Spectral contribution per endmember

« Endmembers distribution =———]- Statistics on all acceptable fits

 Numerical abundance = Representation of the medium

Criteria H2S0; H20  MgSO;  NaxMg(SOy4)2  H20  MgSO;  (NHi)z NazSO;  Mg(ClOs)z  Mg(ClOyg)z  MgCl,  NaCl MgCl;  NaClOg  FegOy
RH20 (cr) L6H20 AH20 (am) TH20 SO 10H,0 6H,0 6H, 0O GH, O {H,0 2H,0
RMS (SNR 5) l l (0.5 (.5 0.5 (.5 0.5 () () () 0 () 0 0 ()
Improvement factor (SNR 5) l | l | I | I 0.5 () () 0 0 0 0 ()
Distribution (SNR 50) l (.5 (.5 ().5 0.5 () () () 0.5 () 0 L) 0 0 ()
Numerical Abundances (SNR 50) l (0 0.5 0.: 0 0.5 0 (0.5 0.5 0.5 0.5 0.5 0 0 0
Average ).625 0.625 .. (.5 (0.375 .2 0.2 0.125 0.125 0.125 0 0 ()




Conclusion: surface composition

Very good spectral fit to NIMS data without
artificial compounds and/or high porosity

Water ice & Sulfuric Acid Octahydrate:
Mandatory

Hydrated Sulfates & Chlorinates:
but

Magnetite, Magnesium Chloride, Sodium
perchlorate: not necessary or absent




Conclusion: surface composition

Very good spectral fit to NIMS data without
artificial compounds and/or high porosity

lcarus
Available online 2 December 2022, 115379

[ Drace miirnal Dre.nnanf
N ¥Fress, I'_,Ll H:.l HFre-proo @
J ‘

Water ice & Sulfuric Acid Octahydrate:
Mandatory

Research Paper

Selection of chemical species for Europa’s

Hydrated Sulfates & Chlorinates: surface using Galileo/NIMS

bUt G. Cruz Mermy? & &, F. Schmidt * ®, T. Cornet €, |. Belgacem ¢, N. Altobelli €

Show more

Magnetite, Magnesium Chloride, Sodium + Add to Mendeley o Share 33 Cite
perchlorate: not necessary or absent

https://doi.org/10.1016/j.icarus.2022.115379 Get rights and content




Microphysics: grain size & abundance

e All21 and 153

acceptable
combinations

e MCMC modeling with
2% uncertainties

* Probability Density
Function

Cruz-Mermy et al. (2023) In prep
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Normalized Probability

Microphysics: surface roughness

4C | All MCMC chains | Roughness

5C | All MCMC chains | Roughness
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