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Our recent study [1] revealed that the Mokoia CV3 chondrite 

contains abundant chondrules surrounded by hydrous 
phyllosilicate (Phl)-rich rims. The chondrules and their rims 
show evidence of extensive aqueous alteration, while the matrix 
is largely unaltered. Therefore, we proposed that they were actu-
ally clasts produced by brecciation in a wet region of the meteor-
ite parent body and they were subsequently transported and in-
corporated into the dry matrix.  

The chondrules with Phl-rich rims comprise 73% of all the 
86 rimmed chondrules (>400 µm in diameter) studied in the area 
of 272 mm2. The remaining 27% are surrounded by olivine (Ol)-
rich rims. Here we present the results of mineralogical and 
petrological investigation of the chondrules/Ol-rich rims. 

The chondrules show no significant differences in texture and 
mineralogy from those with Phl-rich rims. All of the chondrules 
contain various amounts of phyllosilicates (saponite and minor 
phlogopite), although their amounts are generally smaller than 
those in the chondrules with Phl-rich rims.  

The Ol-rich rims (20−300 µm in thickness) consist mainly of 
fine grains of Fe-rich olivine with minor amounts of saponite. 
The olivine grains in most of the rims are finer (<3 µm in size) 
and more compacted than those in the Phl-rich rims. Defocused 
beam analyses indicate that the Ol-rich rims are higher in analyt-
ical total and Fe content; these characteristics resemble those of 
the rims in dark inclusions [2].  

The chondrules show abundant evidence of aqueous altera-
tion along their peripheries. Enstatite was replaced by saponite 
and fayalitic olivine, and opaque nodules were replaced by mag-
netite, fayalitic olivine, and saponite. These replacement products 
were disaggregated into the rims. The rims commonly have veins 
consisting of fayalitic olivine, magnetite, and Fe-(Ni) sulfides, 
indicating the occurrence of fluid activities. 

These observations indicate that the chondrules/Ol-rich rims 
have experienced extensive aqueous alteration, as in the case of 
chondrules/Phl-rich rims. However, the lower abundances of 
phyllosilicates in the chondrules/Ol-rich rims suggest that they 
were altered under the condition of smaller water/rock ratio. The 
Fe contents in the Ol-rich rims have a tendency to increase with 
increasing proportion of olivine; this suggests that the Ol-rich 
rims have also experienced thermal metamorphism. 

In contrast to the chondrules/Ol-rich rims, the surrounding 
matrix shows no evidence of such alteration reactions. The 
boundaries between the rims and the matrix are always sharp. 
These indicate that the chondrules/Ol-rich rims have not experi-
enced aqueous alteration in the present setting and suggest that 
they are actually clasts transported from a relatively dry region of 
the parent body. 
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