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Evolution of Martian water reservoirs: constrants from meteorite analysis

Tomohiro, Usui
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We have provided accurate estimation of hydrogen isotope compositions (D/H) of
Martian water reservoirs at the time when the meteorites formed. Based on the D/H datasets from Martian
meteorites, we have estimated the amounts of water loss due to atmospheric escape and demonstrate that
water loss during pre-Noachian was more significant than in the rest of the Martian history. Combining
our results with geological and geomorphological evidence for ancient oceans, we propose a possibility
that there should be undetected subsurface water/ice of much greater extent than the collective amounts
of “ visible” current water inventory. Our study further implies that, because such large water
inventory automatically calls for significant water loss that cannot be explained by oxygen escape
models, unknown mechanisms that effectively consume the remaining excess oxygen should be required.
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Evolution of water reservoirs for different
amounts of present water reservoirs and

geological estimates of water amount. The gray
area indicat es the evolution of surface water
reservoir calculated based on the minimum
present water reservoir. See Kurokawa et a.
(2014) in detail.
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Schematic cross sections illustrating
locations of the Martian water reservoirs based
on the models of (a) hydrated crust and (b)
ground ice. The intermediate-dD water/ice
reservoir occurs as (a) hydrous phases such as
clays and amphiboles formed by surface
weathering and/or subsurface hydrothermal
ground water circulation or (b) ground-ice
deposits interbedded within sediments in the
northern lowlands. These models require limited
interaction between the buried water/ice
reservoirs and the atmosphere (shown as dashed
arrows). See Usui et al. (2015) in detail.
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