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Introduction: CH chondrites are characterized by 

remarkable features, such as Fe-Ni metal with solar Co/Ni ratio, 
small chondrule size distribution, and refractory inclusions with 
kushiroite and grossite [1,2]. Here we report our analytical results 
on opaque minerals in two CH chondrites, SaU 290 and Asuka 
881020, in order to explore the formation conditions of CH 
chondrites. The opaque minerals are good indicators of formation 
conditions, especially the redox states. 

Petrology and mineralogy: We found Si-free and -enriched 
(<13 wt.%) Fe-Ni metals, suessite, perryite, FeSi (fersilicite), 
barringerite, andreyivanovite, troilite, daubreelite, pyrrhotite, 
pentlandite, and magnetite in two CH chondrites. Some troilite 
contains Cr (<3 wt.%). These minerals generally occur as 
isolated grains, among tiny chondrules, 80 μm in average 
diameter, and isolated silicates. Most of these minerals have not 
been previously found in CH chondrites, and we are using EBSD 
for phase indentification. Some of these opaques occur as 
intimate intergrowths; perryite, barringerite, and daubreelite are 
present in close association with Si-rich Fe-Ni metal, whereas 
pentlandite, pyrrhotite, and magnetite occur only in dark clasts. 

Discussion: Some of the opaque minerals in CH chondrites, 
such as Si-bearing Fe-Ni metal, perryite, Cr-bearing troilite, and 
daubreelite, are typical in E chondrites. However, some Fe-Ni 
metals contain higher Si concentrations than those in any E 
chondrite. Some typical minerals in E chondrites, such as 
niningerite and oldhamite, are not found in CH chondrites. On 
the other hand, the occurrences of Si-rich Fe-Ni metal and 
suessite are similar to some mineral assemblages in ureilites. 
These assemblages formed under more reducing conditions than 
opaque minerals in the E chondrites [3]. Magnetite, pentlandite 
and pyrrhotite, in close association with hydrous silicates, in dark 
clasts, formed under highly oxidizing conditions. Si-free Fe-Ni 
metal and Cr-free troilite are commonly encountered in ordinary 
chondrites and others. 

We conclude that CH chondrites are highly unequilibrated 
mixtures of components that originated under highly reducing to 
highly oxidizing conditions. It is unlikely that these components 
formed from a single reservoir. This may be consistent with the 
highly heterogeneous oxygen isotopic compositions of CH 
chondrules which suggests that not all of the chondrules formed 
from the same reservoir [4]. 
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