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Arc volcanism
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Continents alteration

/ Mantle

* 7L — b DILAARILE S TREAKIEYN D <~ BV
* AN IEFEDIRWD/HEL « KREHGE 2 (Pope et al. 2012)
* WEDWH E < FILODHDIE @ IKEZR & PLAIAF ? (Lécuyer et al. 1998)

>

| d

\and




Model combined with D/H
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~4 billion years ago Present-day
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Our model combined with isotopes

Model Geochemical analysis

Escape driven by Erosion/replenishment
solar radiation and wind by asteroids/comets
(isotopic fractionation) (no fractionation)
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Evolution of atmospheric pressure
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Evolution of atmospheric pressure
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Evolution of nitrogen isotopes
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Why did Mars lose volatiles?

* 40 %ﬁ\fgﬁfj 0:,?‘1 3j(/):<#\4 ﬁiﬁé L . Z @ﬁéiﬁk&iﬁ_ﬂ, (Kurokawa et al. 2018, Icarus)

* —J5, KEDKDHD G, 40EFFT £ TITHIEKE 0. 1 xHBRIEK)
D50%LL BRI
(Kurokawa et al., 2014, Earth Planet. Sci. Lett.; Kurokawa et al., 2016, Geochem. J.)
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Explorations to unveil the_rrc"si'i*g'in

Hayabusa 2 ?‘ ’
£ wox ot 7%

* Dawn(Ceres), Hayabusa 2(asteroid Ryugu), and MMX(Martian moons) will constrain the
abundances of volatiles on small bodies in the outer solar system

* Because the accretion rate of pebbles differs significantly between Ceres(~1000 km)
and asteroids(<100 km), these missions will unveil the process to deliver volatiles:
planetesimals vs. pebbles
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Bayesian analysis of Near-IR spectra
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Kurokawa & Ehlmann in prep.

* NH4-bearing minerals on Ceres may be a signature of icy pebble accretion

(De Sanctis et al. 2015; 2016)
* Our approach enables us to estimate the probability distributions of the abundance
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