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STEM observation of space weathering products on the Itokawa dust particles and impor-
tance of N2 purge environment
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Surfaces of airless bodies exposed to interplanetary space gradually have their structures, optical properties, chemical com-
positions, and mineralogy changed by solar wind implantation and sputtering, irradiation by galactic and solar cosmic rays, and
micrometeorite bombardment. These alteration processes and the resultant optical changes are known as space weathering [1,
2, 3]. Our knowledge of space weathering has depended almost entirely on studies of the surface materials returned from the
Moon and regolith breccia meteorites [1, 4, 5, 6]. Lunar soil studies show that space weathering darkens the albedo of lunar soil
and regolith, reddens the slopes of their reflectance spectra, and attenuates the characteristic absorption bands of their reflectance
spectra [1, 2, 3]. These changes are caused by vapor deposition of small (less than 40 nm) metallic Fe nanoparticles within the
grain rims of lunar soils and agglutinates [5, 6, 7].

Structure of nanoparticle-bearing rims by the initial analysis of the Itokawa dust particles are as follows. Sulfur-bearing Fe-
rich nanoparticles exist in a thin (5-15 nm) surface layer (zone I) on olivine, low-Ca pyroxene, and plagioclase, suggestive of
vapor deposition. Sulfur-free npFe exist deeper inside (less than 60 nm) ferromagnesian silicates (zone II). Their texture suggests
formation by amorphization and in-situ reduction of Fe2+ in ferromagnesian silicates [8]. On the other hand, nanophase metallic
iron in the lunar samples is embedded in amorphous silicate [5, 6, 7]. These textural differences indicate that the major formation
mechanisms of the metallic nanophase iron are different between the Itokawa and the lunar samples.

Eleven of them were embedded in epoxy resin and ultramicrotomed into about 100 nm-thick ultrathin sections. Four of them
were preserved in N2 purge environment from the curation facility at ISAS/JAXA through ultramicrotomy at Ibaraki University
to STEM observation at Hitachi high-technologies Co. Six samples were enclosed in thin (a few micrometer thick) epoxy resin at
the curation facility to avoid long-haul exposure to the earth’s atmosphere during experiments at Spring-8 and KEK-PF. Although
these six samples ultramicrotomed in the earth’s atmosphere, dehydrated ethylene glycol was used as trough liquid instead of
distilled water to avoid unnecessary contact with water. Total exposure time to the earth’s atmosphere was less than a few hours
for these samples. One sample was kept in a desiccator for about one month at Osaka University, which means that it was kept
in earth’s atmosphere for a month. To evaluate the effect of long exposure to the earth’s atmosphere, ultrathin sections were pre-
pared for this sample by using the same procedures of the above six samples. All the samples were investigated using a spherical
aberration corrected scanning transmission electron microscope to investigate space weathering products on the samples.

STEM observation of these particles revealed that some nanoparticle-bearing rims are vesiculated. Different from vesicular
rims on the surface of lunar samples [5, 6], vesiculation occurred at the boundary between zone I and zone II or within zone II.
We found that two samples without nanoparticle-bearing rims by have quite thin (2-3 nm) surface layers with elements that are
not included in the substrate minerals, suggestive of vapor deposition from the surrounding minerals. We think that the quite thin
layers are the immediate-early product of space weathering.
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