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Introduction: In the first international announcement of op-

portunity for Hayabusa sample investigation we have received 
two precious samples [1]: RA-QD02-0115 and RB-QD04-0042. 

Here we report detailed scanning (SEM) and transmission elec-
tron microscopic (TEM) investigations of Hayabusa sample RB-
QD04-0042, which was originally described to be mainly com-
posed of olivine. Our study aimed at characterizing the mineral´s 
defect microstructures as clues to the origin of asteroidal regolith. 

Methods: Mineral grains and morphology of RB-QD04-0042 
were at first studied by scanning electron microscopy and energy 
dispersive X-ray microanalysis (EDX) using a FEI Quanta3D 

cross beam workstation. Furthermore, this workstation was used 
for precise focused ion beam (FIB) preparation of TEM foils. De-
fects and mineral structures were subsequently studied by means 
of a Philips CM200 transmission electron microscope equipped 
with an EDX microanalysis system. 

Mineralogy: The olivine grain RB-QD04-0042 being 40 x 
50 µm in size turned out to carry an intimate 10 µm wide inter-
growth of FeNi alloy and iron sulfide on its surface. Furthermore 
a 6 µm diameter diopside inclusion emerged in the course of FIB 

cutting of the olivine. 
TEM analyses of the FeNi alloy show a high Ni content of 

about 50 atom% and electron diffraction patterns reveal a face-
centered cubic (fcc) structure, both being compatible with tetra-
taenite [2]. Electron diffraction patterns of the iron sulfide were 
in agreement with the stoichiometric iron sulfide troilite. 

Defect microstructures: All phases discovered in the SEM 
were then studied by TEM in terms of their defect microstruc-

tures. Olivine contains locally a high density of [001] disloca-
tions, while in other regions olivine is devoid of defects. Tetra-
taenite exhibits a large number of mechanical microtwins and 
dislocations. Troilite contains some stacking faults with partial 
dislocations but is mainly characterized by a recrystallization tex-
ture with numerous subgrains composing the entire grain. Diop-
side is basically defect-free. 

Discussion: In agreement with previous studies [2] the com-

positions of silicates and FeNi alloy point to an ordinary chon-
drite signature of Hayabusa dust. The majority of defects found 
in RB-QD04-0042 minerals are known to form by shock meta-
morphism, in particular the [001] dislocations in olivine and the 
microtwins in tetrataenite. The heterogeneous distribution of de-
fects may indicate micro-impacts as possible cause.  
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