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Introduction: Recent success of the Hayabusa mission 
of JAXA expanded and deepened our understanding of 
the extraterrestrial material, whic gave equally 
significant outcomes: setting up analytical protocols to 
obtain diverse data from a single small sample. We 
investigated dust samples recovered from Antarctic 
snow near the Dome Fuji Station. These samples are 
generally smaller than micrometeorites (MMs) 
recovered from Antarctic ice and are expected to 
reveal us a different profile from that of MMs from ice.  
Samples: We investigated four MMs: D10IB034, 
D10IB103, D10IB179, and D10IB187 (Fig. 1). 
D10IB034  This Cg MM is composed of low-Ca pyroxene 
and olivine based on the SR-XRD data. SEM/EDS 
observation shows that its texture is similar to a porphyritic 
olivine pyroxene chondrule. However, the interstitial glass 
that faces to the external surface of the MM contains 
magnetite dendrites. This fact indicates that the MM is 
affected by severe atmospheric heating. 
D10IB103  This Cg MM is composed of olivine, high-Ca 
pyroxene, and magnetite based on the SR-XRD data. TEM 
observation revealed that it has a texture similar to a 
cryptocrystalline chondrule. However, being different from 
typical cryptocrystalline chondrules, it is composed of 
olivine “bars” and interstitial high-Ca pyroxene and glass. 
D10IB179  SR-XRD shows that this Cg MM is composed of 
low-Ca pyroxene. SEM/EDS and TEM observation show 
that sub-µm-sized Fe-rich olivine is attached on the surface 
of the orthopyroxene single crystal. 
D10IB187  SR-XRD data show that this Cg MM is 
composed of low-Ca pyroxene, plagioclase, and taenite. Only 
orthopyroxene is appeared on its cross sectional surface. 
Average chemical composition of this orthopyroxene is 
ferroan (Wo0.9En28.9Fs70.2) but poor in MnO (0.1 wt.%). 
Methods: Bulk mineralogy was investigated by SR-
XRD, TEM, FE-EPMA, and INAA. Analytical 
procedure for INAA was essentially the same as used 
for Itokawa grains. The MMs were irradiated with 
neutron (total neutron fluence: 6.1 x 1018 n/cm2) along 
with reference standards at Kyoto University Research 
Reactor Institute (KURRI). After cooling for a few 
days, the MMs were measured for gamma-ray activiry 
by using germanium semiconductor detectors at 
KURRI.  
Results: A total of eight elements (Na, Sc, Cr, Fe, Co, 
Ni, Sm and Ir) were determined at least for one MM 
sample. Figure 1 shows their abundances relative to CI 
chondrite and Fe contents of individual samples. Some 
data are indicated with arrows showing upper limit 

values. Siderophiles (Co, Ni, Ir) are more variable and 
depleted compared with lithophiles (Na, Sc, (Sm)). 
Some literature data for bulk and matrix samples of 
CM and CR meteorites are shown in Fig. 2 for 
comparision. Meteoritic materials of these meteorite 
compositions were observed to be accumulated on 
Antarctica [1,2]. Within the limited data set, an 
agreement is not good. Even in the comparison with 
MMs from Antarctic ice, the four dust MMs from 
Antactic snow seem to have distinct chemical features. 
     The FeO/Sc ratio can be used for judging the origin 
of planetary materials. These ratios are compared with 
FeO/Co ratios in Fig. 3, where some additional data for 
bulk chondrites, Earth, Moon, Mars, olivine and 
pyroxene separates from ordinary chondrites are 
shown for comparision. In addition, data for Itokawa 
grain samples also are given. Although scattering 
considerably, the four MM samples along with 
chondritic matarials and Itokawa grains are plotted in 
upper reagion with higher FeO/Sc raios than those for 
terrestrial samples. This suggests that the four MMs 
are extraterresrial in origin although their compositions 
are not chondritic as shown in Fig 1 and are not similar 
to MMs from ice. 
     Two MMs (D10IB034 and D10IB179) yielded 
definite values for both Co and Ni. Their abundances 
and, more clearly, ratios give us reliable judgement for 
the origin of planetary materials. Their contents 
relative to Fe contents are plotted in Fig. 4 along with 
those for Itokawa grains and some constituent minerals 
of L and LL chondrites. The two MM from Antarctic 
snow are plotted on the line defined by the CI Co/Ni 
ratio, clearly indicating their extraterrestrial origin. 
This further suggests that these MMs contain tiny 
metal particles or primitive materials having high and 
unfractionated Co and Ni abundances. Crustal 
materials of differentiated planets like Earth and 4 
Vesta (HED parent body) also plotted in lower left 
region off the CI line. One MM (D10IB103) seems to 
be also in such region. 
     Only one MM sample (D10IB034) was observed to 
have a distinct value of Ir. Its ratios relative Co and Ni 
are platted in Fig. 5, where data for chondriles from 
oridinary chondrites (mostly unequilibrated ordinary 
chondrites; [3]), bulk chondrites and chondritic metals 
in addition to the Itokawa grain are shown for 
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comparison. Bulk chondrites and chondritic metals 
mostly converge aroud the cross defined by CI ratios 
for Ir/Ni and Ir/Co. These elements are typical 
siderophile elements and, hence, they are not largely 
fractionated in bulk chondrites, chondritic metals and 
even in iron meteorites. Instead, chondrules show a 
large spread in Ir/Ni and Ir/Co raios as shown in Fig. 5. 
CI-normalized Ir/Fe and Ir/Co ratios of chondrilues are 
arrayed on the line having a slope of 1, implying that 
chondrules have unfractionated (chondritic) Co/Ni 
ratios with a large variation of Ir abundances. The 
Itokawa grains also fit on this line. It is observed that 
the MM D10IB034 also stay on the same line. The 
difference between the Itokawa grain and the Antarctic 
dust sample is on the Ir content. We interpret that the 
MM D10IB034 containts an early condensate in which 
Ir condensed but Co and Ni scarcely did.   
References:  [1]  Kurat G. et al. (1994) GCA, 58, 
3879-3904. [2] Engrand C. and Maurette M. (1998) 
Meteoritics & Planet. Sci., 33, 565-580. [3] Grossman 
J. N. and Wasson J. T. (1982) GCA, 46, 1081-1099. 
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Fig. 1  Secondary electron images of four MMs investigated. 
a) D10IB034, b) D10IB107, c) D10IB179, and d) D10IB187. 
Scale bar is 20 micron. 
 
 
 

 

Fig. 2 CI, Fe-normalized abundances of eight elements. 
Errors are counting statistics (1σ). Arrows mean upper limits. 
 

     
Fig. 3  FeO/Sc vs. FeO/Co for planetary materials including 
Antarctic dust samples and Itokawa grains. 

 
Fig. 4. Co/Fe vs. Ni/Fe. A stlight line designates CI ratio of 
Ni/Co.  

 
Fig. 5. CI-normalized Ir/Ni vs. Ir/Co. All these samples 
shown in this figures are plotted on the streight line 
represented by a CI raio of Co/Ni. 
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