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Introduction: Surface dust particles of asteroid Itokawa were 

successfully collected by spacecraft Hayabusa [1], but are very 
small similar in size range to the particles recovered by Stardust 
mission. Analysis of these tiny particles required multi-discipline 
edge-of-the-art techniques. We have developed a sequential ex-
perimental procedure consisting of synchrotron-based analysis, 
scanning and transmission electron microscopy, and secondary 
ion mass spectrometry [2].  

Experiments: Approximately forty particles of about 30 to 
180 μm in size were attached on the top of thin carbon fibers. 
Layers of epoxy resin with several-micron thick covered entire 
surface of the particle to minimize exposure to atmosphere. The 
particles were analyzed at beamline 3A of KEK and BL15XU of 
SPring-8 for X-ray diffraction.  The particles were embedded in 
epoxy resin and processed by ultramicrotomy and/or polishing. 
Polished sections of the particles were analyzed by scanning elec-
tron microscopes for chemical composition and EBSD. Areas of 
interest in some particles were lifted up and thinned by FIB for 
observation by a transmission electron microscope.  

Results and Discussion: Most particles are composed main-
ly of relatively coarse (typically from 10 to 50 µm in size) and 
well-crystalline silicates such as olivine, low- and high-Ca py-
roxene, and plagioclase. Some particles contain chromite, chlora-
patite, merrillite, and troilite up to 20 µm in size. Small inclu-
sions (up to 10 µm) of taenite, kamacite, troilite, and chromite 
occur within coarse silicates in many particles. Compositions of 
silicates are relatively homogeneous. The common occurrence of 
triple junctions suggests that most particles have been thermally 
annealed sufficiently long for the silicates to have recrystallized. 
Olivine ~Fa29, low-Ca pyroxene ~Fs22, and kamacite Co (~ 
10wt%) and Ni (~ 4wt%) concentrations of Itokawa particles are 
within the range of LL chondrites [3]. The presence of coarsened 
plagioclase (typically 20-50 µm in size) and diopside (typically 
10-30 µm) suggests that most of the particles have experienced 
high-temperature metamorphism with a metamorphic grade from 
5 to 6. Metamorphic temperatures were estimated based on two-
pyroxene geothermometry to be approximately 800°C, which is 
slightly lower than LL6 temperatures [4]. 
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