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Introduction: Recent TEM studies revealed that
Fe-Ni metal nano-particles are responsible for the dark
“brown” color of olivine in the NWA2737 chassignite,
which is interpreted to have formed by reduction of
olivine due to heavy shock events [1,2]. Similar brown
color olivine is fairly common among Martian meteor-
ites especially in shergottites, and thus widespread
presence of Fe-Ni metal nano-particles in these olivine
grains can be expected. Indeed, our previous study
revealed the presence of Fe-Ni metal nano-particles in
several Martian meteorites (NWA2737, ALH77005
and Y000097) [3]. These Fe-Ni nano-particles have a
significant effect of darkning of their host crystals . We
also discovered magnetite nano-particles in other Mar-
tian meteorites (Dhofar 019, LEWS88516 and
LARO06319) [3-5]. These magnetite nano-particles are
similar to Fe-Ni metal nano-particles in morphology
and size, and probably responsible for brown color of
olivine. There has been suggested that Fe-Ni nano-
particles have formed by reduction of Fe*" in olivine
crystal during heavy shock [1,2]. In contrast, the for-
mation of magnetite requires oxidation of Fe’" in oli-
vine crystal in contrast to the formation of Fe-Ni metal.
In our previous shock experiments, we showed that
magnetite nano-particles could be produced at the
shock higher than 40 GPa under atmospheric condition
[6]. When the olivine was mixed with graphite, Fe-Ni
metal was instead formed at similar shock pressure [6].
Thus, in these experiments, difference of atmospheric
condition could be a major factor controling the redox
state. However, it is unlikely to suppose large differ-
ence of oxygen fugacity during shock of Martian mete-
orites because they crystallized under similar condi-
tions (e.g., burial depth, crystallization age). Thus,
temperature difference during shock could be another
possible factor. The iron-wiistite (IW) buffer curve is a
function of temperature. At a given oxygen fugacity
(fO2), it is more reducing when the temperature is
higher. Magnetite nano-particles would be formed
when temperature increased moderately. When tem-
perature increase was significant and fO. during the
shock was below the IW buffer, Fe-Ni nano-particles
would be formed. To test this hypothesis, we per-
formed shock experiments of olivine preheated at dif-
ferent temperature.

Experimental Methods: The shock-recovery ex-
periments were performed using a single stage 30 mm-
bore propellant gun to generate shock waves by hyper-
velocity impact at the National Institute for Materials
Science, Tsukuba. We prepared powder (100-200 pm)
of San Carlos (Fogy) olivine for starting material. The
olivine powder was set into a stainless-steel container
and shocked by a 2-4 mm-thick Cu plate, bedded at the
front of a polyethylene sabot. These experimental con-
dition was similar to our previous experiment [6].
However, we adopted stainless-steel instead of Cu for
container material because of higher intensity demand.
To reduce direct contact between stainless-steel and
sample, Cu powder was bedded under and over the
sample. Preheat temperature was set at 400 and 800 °C.
Shock pressure was set at 40 GPa. For comparison, we
also performed shock experiment without preheating.
The sample chamber was evacuated to 200 Pa before
each shot. The peak pressure was estimated by the im-
pedance match method using the measured impact ve-
locity. Details of shock experimental procedures are
similar to [7]. The recovered samples were observed by
TEM (JEOL JEM2010) with EDS.

Results: Nano-particles were observed in olivines
from preheated samples at 400 and 800 °C (Fig. 1).
Typical sizes of these particles were 5 to 20 nm in di-
ameter. EDS shows that these particles are enriched in
Fe (Fig. 2). These particles contain small amount of Ni.
The electron diffraction patterns show that they are Fe
metal (Fig. 3).

Fig. 1 TEM image of shocked olivine (40 GPa) pre-
heated at 400 °C. Nano-particles are indicated by ar-
rows).
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Fig. 2 TEM-EDS data of the shocked olivine (40 GPa)
preheated at 800 °C. Above: Nano-particle. Below:
host olivine.
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Fig. 3 Electron diffraction pattern of a nano-particle in
shocked olivine (40 GPa) preheated at 400 °C. It shows
that the particle is a Fe-Ni metal.

e e e e
e

I
!

nano-particle in shocked olivine (40 GPa) preheated at
800 °C.
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Nano-particles are directly contacted with olivine
and no other phases were observed between them (Fig.
4). Indeed the electron diffraction patterns of olivine
adjacent to the nano-particles show sharp crystalline
spots. The absence of surrounding secondary phase is a
common feature of Fe-Ni and magnetite nano-particles
in both experimentally shocked olivine and Martian
meteorites [1-6].

Discussion and Conclusion: In our previous
shock experiments, magnetite nano-particles were pro-
duced at the peak shock pressure higher than 40 GPa.
Fe-Ni nano-particles were formed only under relatively
reducing condition. However, in this study, we could
produce Fe-Ni metal nano-paricles instead of magnetite
nano-particles by preheating olivine before shock.
Thus, temperature difference during shock might con-
trol the formation of Fe-rich nano-particles either Fe-Ni
metal or magnetite.

The formation of metal phase near the Martian sur-
face is unlikely since estimated fO. of Martian
meteorites is ranging from IW+2 to QFM. However,
the IW buffer curve is in inverse proportion to
temperature and the temeprature increase of a few
hundred degrees would be enough to cross the ITW
buftks aerthee case for space weathering [8,9], the for-
mation of Fe-Ni and magnetite nano-particles not only
results in optical color change of olivine, but also af-
fects infra-red spectram pattern. No olivine absorption
peak near the 1.1 pm can be observed in Fe-Ni nano
particles-bearing olivine. If broad distribution of nano-
particles in olivine is assumed on the surface of Mars,
the present remote sensing data are strongly affected by
the existence of nano-particles [10]. Furthermore,
nano-phase Fe particles can be a magnetic carrier of
the meteorites, and is significant for their magnetic
studies [11].
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