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Introduction:  Sodium is volatile and mobile in aqueous ac-

tivity and thus serves as a sensitive indicator of secondary proc-
esses that chondrites may have experienced. Chondrules in CV3 
chondrites contain Na-rich nepheline [e.g. 1, 2]. Previous studies 
[e.g. 1] revealed that nepheline in chondrules formed by replac-
ing primary mesostasis glass and plagioclase. However, it has 
been controversial whether the Na-metasomatism occurred by 
reaction with the gas in the solar nebula before accretion [e.g. 1] 
or by reaction that took place on the meteorite parent body [e.g. 
2].   

Chondrules in CO3 chondrites also contain nepheline [e.g. 
3], although much less work has been done on it compared to the 
counterparts in CV3 chondrites. We have studied the mineralogy 
and petrology of mesostases of 783 type-I chondrules in seven 
CO3 chondrites that range in petrologic subtype from 3.0 to 3.7.   

Results: Chondrule mesostases in the CO chondrite of sub-
type 3.0 consist mainly of primary glass and plagioclase, whereas 
chondrule mesostases in the CO chondrites of higher subtypes 
(3.2-3.7) contain various amounts of nepheline as a secondary 
alteration product of glass and plagioclase. The nephelinization 
has proceeded preferentially from the outer margins of chon-
drules toward the inside.  Although the degree of nephelinization 
differs widely among chondrules in each of the metamorphosed 
chondrites, our modal analyses and bulk chemical analyses of 
individual mesostases indicate that the amounts of nepheline in 
chondrules systematically increase with increasing petrologic 
subtype of the host chondrites.  Nepheline also has a tendency to 
increase in grain size with increasing petrologic subtype. 

Discussion: From these results, we conclude that nepheline 
in chondrules in the CO3 chondrites has formed largely as a re-
sult of effects related to heating on the meteorite parent body. We 
suggest that nepheline formed initially as hydrous nepheline un-
der the presence of aqueous fluids and was subsequently dehy-
drated after exhaustion of aqueous fluids.  The degree of hydro-
thermal activity must have increased with increasing degree of 
heating, and thus, chondrules in more thermally metamorphosed 
chondrites produced larger amounts of nepheline. The aqueous 
alteration probably occurred under the presence of relatively 
small amounts of aqueous fluids, and thus aqueous fluids did not 
infiltrate the meteorite parent body extensively and the alteration 
ceased shortly after heating, due to exhaustion of fluids.  These 
imply that CO3 chondrites have gone through three-stage altera-
tion processes on their parent body: (1) low-grade aqueous altera-
tion, (2) thermal dehydration, and (3) thermal diffusive exchange 
of atoms without the aid of fluids. 
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