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Fig. P1. Landscapes of an asteroid’s surface exposed to space. All
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modified by repeated highgrain surfaces with unknown
velocity collisions with
bonding agents. Some of the
micrometeorites, or tiny meteorites that enter Earth’s
objects have subrounded shapes, suggesting that they
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approached the grain surface with significant velocity before
In this paper, we report a summary of our initial analysis of
solidification (Fig. P1C). Assuming thermal radiation from a
the morphology, mineral present, and chemical compositions
black body; i.e., an idealized physical body that absorbs and
of five sand-sized (40–110 μm diameter) lithic grains returned
emits all incident electromagnetic radiation, the residence time
from the asteroid Itokawa as a part of the Hayabusa mission.
for the melts produced by the collisions is estimated to be
The grains consist of single or multiple mineral phases. The
10−3 s; therefore, melting occurred within meters of the
chemical properties of these grains were examined by
microbeam techniques. For chemical analyses, each grain was
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The grain surfaces were characterized using a scanning
electron microscope with a 10 nm resolution (Fig. P1A).
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adhesion sites. We also observed a scaly fabric that can be
considered a result of space erosion (Fig. P1D).
Reddening of the surfaces of asteroids and darkening of
their remotely obtained infrared spectra have previously been
termed space weathering and considered to reflect the
existence of nano-phase iron-particles. However, the processes
leading to space weathering have remained largely unknown.
The surfaces of asteroids, heretofore studied only remotely,
are scenes of disaggregation, cratering, melting, adhesion,
agglutination (i.e., clumping of particles), and implantation/
sputtering. Differences between mineral abundances estimated
in our study of microscale grains and those in spectral studies
(3) could be explained by the presence of adhered objects that
are not accounted for in spectroscopy in the latter. A
relatively high temperature (860 °C) estimated in this study
from the chemical compositions of minerals in the grains
requires equilibration of the minerals in an asteroid
significantly larger in size than the modern Itokawa. This
observation implies that the genesis of Itokawa is related to a
destructive process involving a larger body.
All planetary bodies are believed to have accreted from
dust and debris in the early solar nebula, involving repeated
collisions among objects, over a very large range in sizes
(nanometers to hundreds of kilometers), and related
aggregation into growing planetary embryos. Prior to the
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return of the grain samples by Hayabusa, it was not possible
to directly examine the products of such processes. However,
analysis of the surfaces of microscopic grains delivered by this
spacecraft has provided evidence for the bombardment of
solids, down to the 10-nm scales. A proto-Itokawa asteroid
tens of kilometers in diameter was fragmented during a very
long collisional history, resulting in the current 100-m-scale
Itokawa with its complex surface textures. Although the often
“potato-shaped” asteroids appear to float peacefully in space,
their shapes, sizes, surface features can reflect hostile collisionrelated processes, at spatial scales of 10−9 to 104 m and time
scales of up to 109 y. Further surface observations of grains
returned by Hayabusa will add statistical significance to the
insights regarding solid-to-solid interactions fundamental to
our understanding of asteroid accretion and, more broadly, the
formation and evolution of interplanetary objects in the space
environment.
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