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The abundance and distribution of water within Mars through
time plays a fundamental role in constraining its geological
evolution and habitability. The isotopic composition of Martian
hydrogen provides insights into the interplay between different
water reservoirs on Mars. However, D/H ratios of Martian rocks
and of the Martian atmosphere span a wide range of values. This
has complicated identification of distinct water reservoirs in and
on Mars within the confines of existing models that assume an
isotopically homogenous mantle.

Here we present H2O-D/H data collected by nanoscale
secondary ion mass spectrometry from apatite in two Martian
meteorites: Allan Hills (ALH) 84001 and lithic clasts in
Northwest Africa (NWA) 7034. Both samples record the history
of fluids in the Martian crust. Apatite grains within these samples
display a similar spread in D/H ratios over a wide range of water
contents. Our results are consistent with D/H values reported for
the Martian crust within the time span of 0.7 to 472 million years
ago (Ma) [1] and analyses of Hesperian (~3 Ga) clays by the
Sample Analysis at Mars (SAM) instrument on board the Mars
Science Laboratory rover (D/H ratio of (4.67 ± 0.31) × 10−4)[2].
Combined these data indicate that the Martian crust has been
characterized by a constant D/H ratio over the last 3.9 billion
years.

The crust represents a reservoir with a D/H ratio that is
intermediate between at least two isotopically distinct primordial
water reservoirs within the Martian mantle, sampled by partial
melts from geochemically depleted and enriched mantle sources.
From mixing calculations, we find that a subset of depleted
Martian basalts is consistent with isotopically light hydrogen
(low D/H) in their mantle source, whereas enriched shergottites
sampled a mantle source containing heavy hydrogen (high D/H).
Our findings indicate that the Martian mantle is chemically
heterogeneous with multiple water reservoirs, indicating poor
mixing within the mantle after accretion, differentiation, and its
subsequent thermochemical evolution [3].
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