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Meteorites are regarded as fragments of asteroids that fall to Earth’s surface.
However, information regarding the outer surface of asteroids is presumably
destroyed during atmospheric entry, resulting in our inability to study the solar
space-exposed exteriors of planetary bodies other than the moon sampled by
the Apollo missions. JAXA conducted the Hayabusa mission. The original plan
of the mission was to collect rocks from an S-type asteroid, Itokawa’s surface
by an impact sampling method; however, at the time of the touchdown, no
projectile was fired, resulting in only minimal sample recovery from very near
the surface. The sample capsule was successfully returned to Earth on June 13,
2010.

Five lithic grains with diameters near 50 um, collected during the Hayabusa
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sample-return mission, were comprehensively examined for surface texture and
geochemistry. Oxygen isotope compositions indicate that the grains are
extraterrestrial. Also considering the major-element compositions of the grains,
it appears that Itokawa’s surface is dominantly of ordinary-chondrite
composition. Because the grains were sampled from very near the surface of
the asteroid, grain surfaces retain textures reflecting the space environment
influencing the physical nature of the asteroid exterior. The surfaces are
dominated by fractures, and the fracture planes contain sub-um-sized craters
and a large number of sub-um- to several-um-sized adhered particles, some of
them glasses. The size distribution and chemical compositions of randomly
sampled adhered objects, and the occurrences of sub-um sized craters, suggest
formation by hypervelocity collisions of micrometeorites down to nm-scale, a
process expected in the physically hostile environment at an asteroid’s surface.
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