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An impact crater on Mars, named Melas Dorsa, and its surroundings show a rich geologic history.
The image was created by the European Space Agency’s Mars Express. Studies of the transforma-
tion of a synthetic version of a mineral known as whitlockite suggest that Mars had a more water-
rich past than previously thought. (Credit: G. Neukum/ESA,DLR, FU Berlin)

Mars may have been a wetter place
than previously thought, according to
experiments on lab-synthesized mineral
samples—proxies for Martian meteor-
ites—performed in part at the ALS.

The samples were subjected to levels
of shock experienced by meteorites
ejected from Mars, then measured for
mineral content using x-ray microdiffrac-
tion. The studies showed that such
shocks can cause merrillite, a mineral
found in Martian meteorites, to be
generated from a similar mineral,
whitlockite, the presence of which
would indicate a more water-rich history
for the Red Planet. The results have
broad implications for the interpretation
of meteorite petrology as well as

for astrobiology, highlighting the
importance of transporting unshocked
samples directly from Mars to Earth

for a more accurate picture of ancient
Martian geology.

Minerals in meteorites preserve
evidence about topics such as the
formation of the solar system and the
potential for extraterrestrial habitability.
Of particular interest in this work are the
related phosphate-containing minerals,
whitlockite and merrillite. Heating whit-
lockite to about 1000 °C dehydrogenates
it (removes hydrogen), producing merril-
lite. In most Martian meteorites, merrillite
is the dominant phosphate-containing
mineral, suggesting that it may be a domi-
nant phase on Mars as well. The preva-
lence of this anhydrous mineral has
previously been interpreted as evidence
of relatively dry Martian magmas.
However, recent observations of other
phosphate minerals in Martian meteorites
suggest relatively high water content,
raising the question as to why merrillite
rather than whitlockite forms in a melt
with available water at the time of phos-
phate crystallization.

Rock Shock

As with terrestrial geology, much of
our knowledge of Martian geology

is based on the analysis of rock
samples—i.e., meteorites. Many
Martian meteorites found on Earth
seem to come from a period of about
150 million to 586 million years ago,
and most are likely from the same
region of Mars. These meteorites are
essentially excavated from a depth of
about a kilometer below the surface
by the initial impact that sent them
out into space, so they aren’t
representative of the more recent
geology at the surface of Mars.

The overarching question here is
about water and its early history

on Mars: Had there ever been an
environment that could have enabled
the generation of life on Mars?

The relative abundances of phos-
phate-containing minerals such as
merrillite and whitlockite in Mars
rocks provide important clues as to
the amount of water—as well as the
bioessential element phosphorus—
available on Mars in the distant past.
In this study, x-ray experiments
showed that the shocks experienced
by meteorites can alter their mineral
content, possibly leading to inaccu-
rate conclusions. Thus, even with
more detailed studies of Martian
meteorites coupled with thermal
imaging of Mars taken from orbiters,
and rock samples analyzed by rovers
traversing the planet’s surface, the
best evidence of Mars’ water history
would be an actual Martian rock
taken from the planet and trans-
ported back to Earth, intact, for
detailed studies.



GG094
—— Whitlockite|
—— Merrillite

— Residual

1"

12 13 14 15

Degrees 26

X-ray microdiffraction was used to differentiate between whitlockite (blue) and merrillite (red)

in the shocked samples. Data shown is for sample GG094, in which approximately 12% of the

whitlockite was transformed into merrillite.

A merrillite-containing meteorite believed to
be from Mars. The cube, for scale, measures
1 cm on a side. (Credit: Norbert Briigge)

The researchers hypothesized that,
since Martian meteorites are the prod-
ucts of ejecta launched into space by
asteroid impacts, they undergo tempera-
tures and pressures sufficient to trans-
form whitlockite to merrillite. To test
this, the researchers synthesized whit-
lockite samples and performed
shock-compression experiments on
them. To simulate the severe impacts
needed to accelerate material fast
enough to escape the gravitational pull
of Mars, the researchers blasted the
synthetic whitlockite samples with metal
plates fired from a gas-pressurized gun
at speeds up to about 1,678 mph, at
pressures of up to about 20 GPa. The
pressures and temperatures generated
in the shock experiments, while compa-
rable to those of a meteorite impact,
lasted for only about 10 us, or about
one-tenth to one-hundredth as long as
an actual meteorite impact.

The researchers then studied the
samples’ microscopic makeup with x-ray
microdiffraction experiments at the
Advanced Photon Source (APS) and ALS
Beamline 12.2.2. The results showed
that up to 36% of the whitlockite was
transformed into merrillite at the site of
the metal plate’s impact with the mineral

and that shock-generated heating rather
than compression may play the biggest
role in whitlockite’s transformation into
merrillite. Given that the experiments
showed even partial conversion to
merrillite in these lab-created conditions,
a longer-duration impact would likely
have produced almost full conversion
to merrillite.

This is important for deducing how
much water could have been on Mars
in the past, and whether the water was
from Mars itself as opposed to comets
or meteorites. If even a part of the
merrillite had previously been whit-
lockite, it changes the water budget
of Mars dramatically. And because

whitlockite can be dissolved in water
and contains phosphorus, an essential
element for life on Earth, the study
could also have implications for the
possibility of life on Mars.

The researchers are pursuing another
round of studies with actual Martian
meteorite samples, looking for any
traces of water, using infrared light in
addition to x-rays. However, although
meteorites are, and continue to be, of
immense value as samples of our solar
system, the results of this study empha-
size their shortcomings. The researchers
note that, ultimately, directly transporting
samples to Earth is the only path to
obtaining samples unaltered by shock.
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