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In order to understand the birth and evolution of the
solar system, it is essential to analyze extraterrestrial
materials such as meteorites, interplanetary dust particles
(IDP), lunar samples, cometary dust, and the samples of
asteroid Itokawa. Because many of these samples were
formed under extreme conditions quite different from the
present earth, they often contain interesting minerals
rarely found on the earth. However, these extraterrestrial
samples are usually available only in sub-microgram
quantities, which makes it difficult to fully characterize

these rare minerals. The analysis of extraterrestrial



materials has recently focused on chemical characteristics
such as chemical and isotope compositions, and
unfortunately, crystallographic data of these
extraterrestrial materials are lacking in many cases. This
situation arises from the fact that these rare minerals are
small and it is difficult to obtain diffraction data.
However, such rare and small minerals carry critical and
unique records of their formation conditions in the early
solar system. For example they are often present as
several polymorphs formed at particular P-T condition.
Thus it is essential that the crystal structures of these
phases should be adequately characterized (e.g.,
Zolensky et al. 2000). We have been working on the
synchrotron radiation (SR) X-ray diffraction (XRD)
studies of crystal structures employing a micro-beam as
small as 1 um in size both at SPring-8 and KEK. SR-
XRD is most useful when we combine it with other
analytical techniques such as electron microprobe analysis,
which determines chemical compositions, because they
have similar spatial resolutions. Instrumental settings
which enable analysis on polished thin sections (PTS)
are especially useful because PTS are the most common
form of extraterrestrial samples available for most
analyses. We have spent more than 15 years analyzing
such extraterrestrial samples at KEK, but our polychromatic
SR Laue method cannot directly yield accurate and
unique unit cell parameters. In order to solve this
problem, we have developed a stationary sample method
using monochromatic X-rays at Spring-8, beginning in
November 2009, where the irradiated area of the sample
is always the same and is fixed. This means that all
diffraction spots obtained must occur from the same area
of the sample (Hagiya et al., 2010). We applied energy
scanning of a microbeam of monochromatic SR utilizing
the intense X-ray source of SPring-8 and found that this
technique offers adequate X-ray diffraction data from
1 wm areas of extraterrestrial minerals on PTS. Since we
have shown that this method works, we have begun
analyzing many more extraterrestrial samples including
NASA Stardust samples from Comet Wild 2 and JAXA
Hayabusa samples from the asteroid Itokawa. In particular,
we plan to analyze Itokawa samples as soon as they are
distributed (probably, some time late in 2011), and will
compare results with those from other extraterrestrial

samples.
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