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Introduction: The Yamato791198 CM chondrite has been 
described by Metzler et al. [1] as “a primary accretionary rock, 
obviously unaltered by secondary parent body processes such as 
aqueous alteration or brecciation”. Recently, however, Rubin et al. 
[2] reported that QUE97990 is the least aqueously altered of the 
CM chondrites that they studied, including 791198. If this is the 
case, QUE97990 would potentially provide more primitive 
information regarding the formation of CM chondrites. Here we 
present the results of our mineralogical and petrological 
investigation of the QUE97990 and Y791198 CM chondrites. Our 
goal was to unravel the formation process of chondrule rims in 
the CM chondrites and the early aqueous alteration history of 
these meteorites.  

Results and Discussion: QUE97990 consists largely of an 
agglomerate of rimmed chondrules and PCP, having a general 
resemblance to Y791198.  

Chondrule mesostases in QUE97990 have largely been 
altered to Mg-Fe serpentine. In many mesostases, however, arrays 
of parallel, thin lath-shaped crystallites of high-Ca pyroxene, 
which are primary quenched products, remain unaltered. Such 
high-Ca pyroxene crystallites are extremely rare in CM 
chondrites. On the other hand, chondrule mesostases in Y791198 
have also been altered to Mg-Fe serpentine, but quenched 
crystallites are absent. These characteristics can be ascribed to 
that Y791198 has been affected by a higher degree of aqueous 
alteration than QUE97990. 

Rims surrounding chondrules in both QUE97990 and 
Y7911198 consist mainly of Mg-Fe serpentine. Chondrules in 
QUE97990 commonly show topographic depressions 
(embayments) on their surfaces. In many of the embayments, the 
rims are distinctly Fe-rich compared to other portions and contain 
grains of Fe-Ni metal, PCP, and Fe-Ni sulfide, some of which 
reside partly in both the chondrule and the rim. The Fe-Ni metal 
grains have been partially replaced by PCP. These observations 
suggest that the embayments containing Fe-Ni metal, PCP, and 
Fe-Ni sulfide were formed by replacing opaque nodules in their 
host chondrules. These characteristics resemble those observed in 
the phyllosilicate-rich chondrule rims in the Vigarano CV3 
chondrite [3]. On the other hand, chondrules in Y791198 also 
show embayments on their surfaces. However, Fe-Ni metal, PCP, 
and Fe-Ni sulfide are rare, which is probably explained by that 
these opaque minerals have been more extensively replaced by 
phyllosilicates than those in QUE97990.  

The results of our study are consistent with that the degree of 
aqueous alteration in QUE97990 is lower than that in Y791198 
[2]. Nonetheless, our observations reveal abundant evidence 
suggesting that QUE97990 has experienced a significant degree 
of aqueous alteration.  
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