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Introduction: Most CR chondrites appear to have experi-

enced quite significant aqueous alteration and are classified as 
petrologic type 2 meteorites. However, we have recognized sev-
eral Antarctic CRs which span the transition from very low pet-
rologic type 3 chondrites, to type 2 chondrites which show evi-
dence of very limited aqueous alteration [1,2]. These meteorites 
provide unique opportunities to study the earliest effects of aque-
ous alteration on primary nebular components. In this study, we 
have examined the mechanisms of chondrule glass alteration in 
the weakly altered CR chondrite, EET92105, using FIB/TEM 
techniques. 

Results. We prepared 2 FIB TEM sections that extend 30 µm 
from unaltered chondrule glass into the chondrite matrix. SEM 
data suggest that the transition from unaltered to altered glass 
occurs across a sharp interface. However, DF STEM observa-
tions show that the hydration of chondrule glass is actually gra-
dational on the scale of a few microns. The initial step is the for-
mation of a network of well-crystallized Ca-phosphate veins ~< 
0.25 µm in width that penetrate the glass. EDS analysis suggests 
that this phase is merrillite rather than apatite. Electron diffrac-
tion shows that the glass is still amorphous and shows no evi-
dence alteration. AEM shows that this region of glass still con-
tains significant concentrations of alkalis, but has lost significant 
Ca and P. Chemically leached, but texturally unaltered glass, 
gives way to a region of glass that contains abundant nanopores 
(<5-50 nm), but shows no evidence of the formation of nanophyl-
losilicates. Compositionally, this porous glassy zone is heteroge-
neous with highly variable Na and K contents, but consistent de-
pletions in Ca and P. Based on low totals in microprobe analyses 
of this zone, significant hydration of the glass has occurred with-
out formation of phyllosilicates. Our FIB sections do not com-
pletely overlap, so that the second FIB section contains only the 
outer part of the glass alteration zone and its interface with the 
fine-grained matrix. In this region, extensive formation of paral-
lel to subparallel crystallites of an  FeO-rich aluminous (4-8 wt% 
Al2O3) serpentine has occurred. This zone of altered glass is 
separated from the fine-grained matrix by a layer of anhedral 
microcrystalline pyrrhotite, with interstitial Ca-phosphate. Like 
other CR chondrites, the matrix consists of amorphous silicate 
material in which nanocrystals of Fe and Fe,Ni sulfides are em-
bedded.  
Conclusions:  These observations show that the alteration of 
chondrule glass is a complex process that proceeds in a sequence 
of steps. Glass initially undergoes hydration without formation of 
phyllosilicates and involves partial leaching of alkalis and the 
formation of Ca-phosphate veins.  Further hydration results in the 
formation of nanoporous, amorphous material with a complex, 
but variable composition. With time and increased alteration this 
material is converted to crystalline phyllosilicates phases, ac-
companied by a complete loss of alkalis.  
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