
FIRST DIRECT EVIDENCE OF ASTEROIDAL SPACE 
WEATHERING FOUND ON THE SURFACE OF 
ITOKAWA PARTICLES. 
T. Noguchi1, T. Nakamura2, M. Kimura1, M. E. Zolensky3, M. 
Tanaka4, T. Hashimoto5, M. Konno5, A. Nakato2, T. Ogami2, A. 
Fujimura6, M. Abe6, T. Yada6, T. Mukai6, M. Ueno6, T. Okada6, 
K. Shirai6, Y. Ishibashi6, and R. Okazaki7. 1Ibaraki University. E-
mail: tngc@mx.ibaraki.ac.jp. 2Tohoku University. 3NASA/JSC. 
4National Institute for Materials Science. 5Hitachi High-
Technologies Corporation. 6ISAS/JAXA. 7Kyushu University. 

 
Introduction: Surfaces of airless bodies exposed to inter-

planetary space gradually have their structures, optical properties, 
chemical compositions, and mineralogy changed by solar wind 
implantation and sputtering, irradiation of galactic and solar rays, 
and micrometeorite bombardment. These alteration processes and 
the resultant optical changes are called “space weathering” [1, 2, 
3]. It has been already proved by transmission electron micros-
copy (TEM) that metallic iron nanoparticles deposited on the sur-
faces of lunar soils result from space weathering [4]. TEM obser-
vation suggested that both micrometeorite bombardment and so-
lar wind implantation and sputtering played important roles in the 
formation of the nanoparticles. Asteroidal space weathering has 
been advocated based on ground-based and in-situ observation of 
asteroids [5, 6, 7]. Initial investigation of fine-grained particles 
retrieved from the asteroid Itokawa by the Hayabusa spacecraft 
revealed that the S-type asteroid Itokawa is surfaced by space 
weathered LL chondrite-like materials [8]. Here we describe the 
surface modification of the Itokawa particles. 

Materials and Methods: We analyzed ten Itokawa particles. 
We prepared ultrathin sections of the particles. Four particles 
were prepared in a N2 purged environment and six were in the 
earth’s atmosphere. In both cases, we used dehydrated ethylene 
glycol instead of distilled water as the trough liquid to prevent 
contact with water. Ultrathin sections were observed by spherical 
aberration corrected scanning TEM. 

Results and Discussion: Five out of ten particles we exam-
ined have 30 to 60-nm-thick rims containing Fe-enriched nano-
particles often accompanied with minor sulfur. Sulfur-bearing Fe-
rich nanoparticles exist on the top of the surface (~10-nm thick). 
Except for the very surface, materials that contain the nanoparti-
cles considerably preserve the crystal structures of their substrate 
minerals. This fact shows a stark contrast to the amorphous na-
ture of the host of the metallic Fe nanoparticle-bearing rims in 
lunar soils [4]. Lattice fringes of most nanoparticles were difficult 
to observe, with a few exceptions. Textures and chemical compo-
sitions of the nanoparticle-bearing rims are dependent on the sub-
strate minerals. We think that the main agent of space weathering 
of Itokawa is sputtering by solar wind rather than micrometeorite 
bombardment. 
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