A Successful Simulation of Space Weathering: Spectral Darkening and Reddening by Production of Nanophase Iron Particles
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A large number of asteroids are categorized as the S-type based on their reflectance spectra.  The S-type asteroids are the most common in the inner part of the main asteroid belt.  Can these S asteroids be parent bodies of ordinary chondrites, which are the most common meteorites? However, the steep reddened reflectance spectra and derived mineralogies of S asteroids are different from those of ordinary chondrites.  One idea to explain the spectral mismatch between ordinary chondrites and S asteroids is that“space weathering” process would have changed the optical properties: darkening and reddening of fresh materials, and weakening of absorption bands.  Formation of nanophase iron particles on regolith grains due to micrometeorite impacts and/or solar wind irradiation is considered as the cause of the optical property changes.  å

Laboratory simulations of space weathering have been performed.  In previous our study, nano-second pulse laser irradiation successfully reproduced the optical changes related to the space weathering, where compositional dependence of weathering of asteroids was also suggested (Yamada et al., Earth Planets Space 51, 1255-1265, 1999).  However, production of nanophase iron particles was not confirmed.  In the present study, we observed olivine samples after pulse-laser irradiation by transmission electron microscopy (TEM) (Sasaki et al., Nature March 29 issue, 2001).  Reflectance spectra after the irradiation are similar to observed spectra of some olivine-rich asteroids.  Vapor-deposited amorphous rims of olivine grains have nanophase iron particles (several to 30 nm in size) similar to those observed in lunar soil samples.  Electron diffraction patterns and interlayer spacing measurement of each crystalline particle reveal that these are nanophase alpha-Fe particles.  Neither nanophase particles nor amorphous rims have been observed on initial unirradiated olivine samples.  Reduction by hydrogen atoms from implanted solar wind is not necessary to form nanophase iron particles.  Our results should strongly support the idea that ordinary chondrites have come from S asteroids.  Moreover, comparison between micrometeorite flux and irradiated laser energy flux should provide constraint on surface exposure age of asteroids.
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