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Introduction: Recently, the isotopically anomalous 

(δ17,18OSMOW ~ +180‰) material has been discovered in the un-
grouped carbonaceous chondrite Acfer 094 [1]. This material is 
mainly composed of Fe, Ni, O and S. Fe and Ni contents are 
complementary to each other, keeping O/S atom ratio of about 4 
[1]. The material is referred as “COS” (cosmic symplectite) be-
cause one of the COS grains consists of the symplectically inter-
grown magnetite and pentlandite [2]. However, the sample ob-
served in ref. [2] has the relatively high Ni content, and low Ni 
samples are yet to be examined. Here, we report mineral charac-
terization of both high and low Ni COS grains using synchrotron 
radiation X-ray diffraction analysis (SR-XRD) and transmission 
electron microscopy (TEM). 

Experiments: Samples for SR-XRD and TEM were cut out 
from a polished thin section of Acfer 094 by a focused ion beam 
(FIB) technique using SMI3050TB system of SII NanoTechnol-
ogy. SR-XRD measurements were carried out in the BL10XU 
beam line at Spring-8, Japan. Micro-structural observations and 
electron diffraction analyses were undertaken using a conven-
tional TEM (JEOL JEM-2010) equipped with a LaB6 cathode 
and an EDS system (Thermo Electron Noran system SIX) of the 
Mineralogy Laboratory of Hokkaido Univ. Elemental maps were 
performed with a scanning TEM (HITACHI HD2000) and an 
EDS system (EDAX Genesis) of the Open Facility of Hokkaido 
Univ. 

Results and Discussion: The SR-XRD and TEM studies 
show following clear differences or similarities between the two 
samples; (1) The high Ni COS grain consists of magnetite + pent-
landite, while the low Ni one consists of magnetite + pyrrhotite 
(+ minor pentlandite). (2) The high Ni one is an aggregate of 
wormy grains (100~300nm), which are an assemblage of magnet-
ite-pentlandite showing a symplectitic texture in tens nm scale. 
On the other hand, the low Ni one is an aggregate consisting of 
idiomorphic magnetite (~100nm) and pyrrhotite (~50nm) grains. 
(3) Electron diffraction analyses indicate the magnetite in the 
high Ni COS grain has a 3-fold superstructure, while the magnet-
ite in the low Ni COS does not have any superstructure. (4) No 
electron diffraction pattern from pentlandite in the both samples 
has been observed, although XRD patterns from pentlandite have 
been identified.  

We infer that the COS grains were formed by sulfurization 
and oxidization of metal grains. The chemical and micro-
structural differences are probably reflected in the texture and the 
chemistry of precursor materials before the oxidization.  
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