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Introduction:  CR chondrites are a primitive group 

of carbonaceous chondrites that preserve records of 
formation of their components in the solar nebula [e.g., 
1-3]. One of the characteristics of CR chondrites is the 
presence of type I chondrules that are enriched in silica 
toward or on their rims [e.g., 4].  

Although CR chondrites do not show much evi-
dence for thermal metamorphism, they have been af-
fected by variable degrees of aqueous alteration. We 
have been investigating petrologic variations among 
CR chondrites in the NIPR Antarctic meteorite collec-
tion. In this study, we focus on the chondrule rims and 
the occurrence of silica in CR chondrites to examine 
the primary formation and secondary alteration pro-
cessing of CR chondrite parent body(-ies). 

Methods:  Polished thin sections of nine CR chon-
drites Y-790112, Y-791498, Y-792518, Y-793261, Y-
793495, Y-8449, Y 982405, A-881828, and A-881595 
were studied using JEOL JSM-7100F FE-SEM and 
JEOL JX-8200 EPMA at NIPR, Japan. The extent of 
aqueous alteration was estimated from preservation of 
glass in chondrule mesostasis, textural replacement of 
chondrule phenocrysts, alteration of primary anorthite 
and metal in amoeboid olivine aggregates (AOAs). 
Silica polymorphs were identified using a JASCO 
NRS-1000 Raman Spectrometer at NIPR.  

Results and Discussion:   
Petrology of Chondrule Rims 

CR chondrites are composed of chondrules, refrac-
tory inclusions, mineral fragments, and fine-grained 
matrix. They show variable degrees of aqueous altera-
tion that resulted in replacement of chondrule glass 
and matrix by phyllosilicates, and of Fe,Ni-metal by 
magnetite and Fe-sulfides; olivine and pyroxene phe-
nocrysts in chondrules are also replaced by Fe-rich 
phases in the heavily altered samples (also see [5]). 

Many chondrules in CR chondrites show concen-
trically-zoned textures with silica enrichment toward 
their margins.  For example, chondrule #8 from CR 
chondrite A-881828 is partly surrounded by two-tone 
smooth boundary rims and silica rims (Figs. 1a, c). In 
the samples with weak aqueous alteration, clear 
boundary rims around chondrules are easily recog-
nized (Fig. 1c). This type of smooth two-layered rim 
has been described previously in slightly altered CR 
samples QUE 99177, MET 00426 and LAP 02342 [6]. 

 Silica rims are observed in the area adjacent to the 
smooth two-layered rims (Figs. 1b,d) in some chon-
drites. The silica rims show an igneous texture, and 
discontinuously surround the outer part of type I chon-
drules (also see [4, 7]).  

A second silica-bearing chondrule (#13) was iden-
tified in A-881828 (Fig. 2a). It is composed of olivine 
phenocrysts in the chondrule core, mantled by a 
mesostasis with low-Ca pyroxene overgrown by high-
Ca pyroxene and microcrystalline silica (Fig. 2c). Like 
chondrule #8, chondrule #13 has a thin (~20 µm) rim 
of silica (Fig. 2).  Other silica-bearing chondrules in 
EET 96286 #1 have also been described [4].  

The boundary layers and silica rims in CR chon-
drites become less clear in the samples with mild 
aqueous alteration such as Y-8449, Y-792518, Y-
793261, and Y-790112, and the layers and silica rim 
are not observed in A-881595 and Y-793495, the sam-
ples with heavy aqueous alteration. We also found Y 
982405 experienced shock heating, and no rims are 
observed in Y 982405. 
Silica Polymorphs by Raman Spectroscopy 

All silica phases observed in chondrules in this 
study have compositions of nearly pure SiO2. We used 
Raman spectroscopy to determine silica polymorphs in 
the silica rim from chondrule #8, and silica phases 
from both the rim and interior of chondrule #13 in A-
881828. All Raman spectra have a sharp peak at 420 
cm-1, indicative of cristobalite, which is the high-
temperature, low-pressure polymorph of silica (Fig. 3). 

We have recently reported silica grains with 16O-
rich compositions in an amoeboid olivine aggregate 
(AOA#4) in Y-793261 [4]. The Raman spectra of the 
silica grains in AOA#4 show a sharp peak at 464 cm-1, 
diagnostic of quartz (Figs. 3b,c). The presence of 
quartz in the AOA probably resulted from a transition 
from high-temperature polymorphs or glass to the 
more stable polymorph during formation of the AOA.  

Discussion and Conclusions:  
The silica grains are commonly observed in ensta-

tite chondrites [8]. The presence of tridymite and cris-
tobalite in the chondrules in enstatite chondrules pre-
serves the conditions of crystallization from E chon-
drule melts, followed by rapid cooling. Multiple silica 
polymorphs are typical of unequilibrated enstatite 
chondrites, whereas equilibrated enstatite chondrites 
are dominated by quartz, reflecting conditions of par-
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ent body thermal metamorphism [8]. Similarly, types 
of silica polymorphs in eucrites show correlations with 
degrees of thermal metamorphism [9].  

In this study, we document the presence of cristo-
balite in chondrules in the  CR chondrite  A-881828.  
We have previously identified quartz in an AOA in Y-
793261 [3]. The presence of multiple silica poly-
morphs in CR chondrites parallels the unequilibrated E 
chondrites in that silica crystals recording diverse 
thermal conditions from the solar nebula are preserved. 
However, recrystallization processes in the E vs. CR 
parent bodies are distinct. Whereas thermal metamor-
phism in E chondrite parent bodies resulted in a single 
silica polymorph (quartz) [8], aqueous alteration in the 
CR parent body(-ies?) apparently homogenized textur-
ally distinct silica-rich rims on chondrules. In addition, 
some CR chondrites experienced short duration heat-
ing probably by impact [10 and this study].  
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Fig.1. (a) BSE image of chondrule #8 in A-881828. (b) 
Combined elemental map of chondrule #8. Discontin-
uous silica rich rim (green) is observed. (c, d) Enlarged 
BSE images of silica rim.  

 
Fig.2. (a) Combined elemental map of silica-bearing 
chondrule #13 in A-881828. (b) BSE images of silica 
rim and silica grains in the inner region of the chon-
drule.  

 

 
Fig. 3. Raman spectra of silica grains. The silica grains 
in chondrule #8, and from rim and inner part of chon-
drule #13 in A-881828 are identified as cristobalite (a), 
whereas silica grains in AOA #4 in Y-793261 are 
identified as quartz (b,c). 
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