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Surface Water Inventory of Mars & Earth

Mars is/was a water-rich planet

(Kurokawa 2014)
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ESTIMATE OF SURFACE WATER BUDGET

Two-fold issues on geomorphological approaches

* No geological record before ~4.2 Ga (pre-Noachian)
* No constraints on ice and subsurface-water/ice

Putative paleo-ocean shorelines in the northern hemisphere )
P P Oceanon Marsin4 Ga?




OBJECTIVE & OUR STRATEGY

Investigate the evolution of surface water inventory
based on hydrogen isotopes in rocks from Mars
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SNC (MARTIAN) METEORITE

Ill

They are all “igneous”: No sedimentary rocks

Shergottite Nakhlite Chassignite

Basalt (0.2 — 0.6 Ga) Clinopyroxenite (1.3 Ga) Dunite (1.3 Ga)
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MARTIAN METEORI TES /GNEOUS ROCKS

But, have a chance to-!nc, » . .ate,! su’rflual components
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SUMMARY OF MY STUDIES LAST 5 YEARS
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SUMMARY OF MY STUDIES LAST 5 YEARS

Three distinct water reservoirs on Mars
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Water inventory at 4 Ga: One-reservoir model

One reservoir model based on D/H ratio provides the volume of water loss

Schematic illustration of one-reservoir hydrogen escape model (Kurokawa et al. 2014 EPSL)
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Water inventory at 4 Ga: One-reservoir model

Two atmospheric escape regimes provide a range of realistic f values

Schematic illustration of one-reservoir hydrogen Two cases for atmospheric escape regimes
escape model (Kurokawa et al. 2014 EPSL)
Case-1: Jeans escape-limited regime
$L°55 to space * Min. f=0.016 (Krasnopolsky, 2000)
‘ e represent the current Mars condition
H, H, 1
oee / Case-2: Diffusion-limited regime
(4Ga — present)
+ i X e Max. f=0.33 (Kurokawa et al. 2016)
e approximate ancient Mars conditions
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Water inventory at 4 Ga: One-reservoir model

Case-1 & -2 yield the water inventory lower- & upper-bounds at 4 Ga
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Two cases for atmospheric escape regimes

Case-1: Jeans escape-limited regime
e Min.f=0.016 (Krasnopolsky, 2000)
e represent the present cold Mars

Case-2: Diffusion-limited regime
e Max. f=0.33 (Kurokawa et al. 2016)
e approximate ancient Mars
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evolution of surface-subsurface water

Calculated water volume = Hesperian ocean << Noachian ocean
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evolution of surface-subsurface water

Paleo-"oceans” were probably sourced from the subsurface water

Noachian Surface Water

Water Lg
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RADAR SOUNDER OBSERVATION

Possible existence of ground ice in the northern lowlands
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Conclusions

Based on in situ hydrogen isotope analyses of Martian meteorites, my team reported
convincing evidence:

The Martian mantle has retained a primordial hydrogen isotope composition similar to
water on Earth

Using the one-reservoir model (Kurokawa et al. 2014) and our new D/H data (500-
1020(‘3%0 @4 Ga), we obtained water inventory lower- and upper-bounds (81-270 mGEL)
at 4 Ga.

The calculated range of water inventory at 4 Ga is distinctly lower than the geological
S(s)tlirg]?tes based on the volumes of paleo-oceans (e.g., “550 mGEL [Di Achille & Hynek,

This difference supports our hypothesis (Usui et al. 2015) that a part of Noachian surface
water has been sequestered underground over geologic time and is a source of the
intermediate D/H reservoir.

The Hesperian surface water might have been sourced from this subsurface reservoir.
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