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Introduction:  CR2 carbonaceous chondrites are 

a primitive group of meteorites that preserve evidence 
of a variety of processes that occurred in the solar neb-
ula as well as on asteroidal parent bodies.  CR2 chon-
drites are distinct from other carbonaceous chondrites 
by (among other properties) their relatively high abun-
dance of chondrules (50-60 vol. %) and Fe,Ni metal 
(5-8 vol. %) [1].  Like the CM2 chondrites, the CRs 
have been affected by aqueous alteration and accord-
ing to [2] show a range of degrees of alteration. In 
weakly- altered CR chondrites, fine-grained matrices 
and chondrule rims have been partially altered and 
chondrule mesostases show evidence of incipient 
aqueous alteration. In these meteorites, glassy 
mesostasis is still common.  However, some CR chon-
drites, (e.g. Renazzo and Al Rais) show evidence of 
much more extensive alteration with complete re-
placement of chondrule mesostasis [2] by chlorite and 
serpentine.  Although the general characteristics of 
alteration of the CR chondrites have been described, 
the details of alteration reactions in these meteorites 
remain unclear. In addition, the setting for aqueous 
alteration is poorly understood: both asteroidal and 
preaccretionary alteration scenarios have been pro-
posed [2]. 

In order to gain an improved understanding of the 
settings and conditions of aqueous alteration in CR2 
chondrites, we have begun a detailed study of chon-
drule glass alteration.  This study focuses on two 
weakly-altered CR chondrites, EET 87770 and EET 
92105, that contain type IIA chondrules with partially 
altered, glassy mesostasis.  Our objectives are to un-
derstand the detailed compositional and mineralogical 
changes that occurred during glass alteration and con-
strain elemental mass transfer and redistribution during 
aqueous alteration.  We would like to establish 
whether geochemical signatures of elemental exchange 
between altered glass and adjacent fine-grained matrix 
are present or not. These observations will provide 
important data for constraining whether alteration of 
the CR2s occurred predominantly in an asteroidal or 
preaccretionary environment. 

Petrographic Observations:  Observations were 
conducted on two type IIA chondrules, one in EET 
87770 and a second from EET 92105.  These chon-
drules were chosen because they both contain clear, 
unaltered chondrule glass through a significant part of 
their volume. The chondrules were studied using opti-
cal microscopy, SEM and EPMA. The chondrule of 
interest in EET 92105 is a large, roughly oval, porphy-

ritic olivine chondrule with long and short dimensions 
of ~1.76 mm x ~1.36 mm, respectively.  This chon-
drule has clearly been fragmented as a result of brec-
ciation and a smaller fragment of the chondrule with 
identical petrographic characteristics occurs within 
~0.66 mm of the large fragment.  The type IIA chon-
drule in EET 87770 has similar characteristics, with 
long and short dimensions of ~1.15 mm x ~0.8 mm, 
respectively.  It is subspherical and consists of two 
distinct regions, one with a barred olivine texture and a 
second with a porphyritic olivine texture. Mesostasis 
in both chondrules is clear with a light greenish color 
in plane polarized light and isotropic under crossed 
nicols. Zones of greenish yellow alteration products 
are present at the periphery of each chondrule, but are 
only present where chondrule glass would have been 
in direct contact with fine-grained matrix.  The zone of 
alteration in EET 92105 varies from 48 µm in width 
and is less well-developed than that in EET87770, 
which reaches a maximum of 107 µm in some regions. 

Compositional Data: Electron microprobe analy-
ses of altered and unaltered glass were conducted on 
both EET 87770 and EET 92105 using wavelength 
dispersive spectrometry (Figure 1). Data from EET 
92105 show that chondrules mesostasis is sodic (albite 
normative), but that Na is highly variable throughout 
the chondrules. Na2O in the glass varies from 6.00-
10.46 wt. %, but is nearly absent from the altered glass 
(1.18 avg. wt. %).  Potassium is present in much lower 
concentrations in the glass (0.94-1.35 wt. % K2O), and 
exhibits similar behavior to Na, although it is much 
less heterogeneous in the mesostasis. SiO2 is highly 
depleted in the alteration assemblage, dropping from 
63.15 avg. wt. % in the unaltered glass to 39.23 avg. 
wt. % in the altered region (Figure 1). The decrease in 
SiO2 is coupled with marked increases in the concen-
trations of MgO and FeO, consistent with replacement 
of mesostasis glass by phyllosilicates. Al2O3 concen-
trations in the unaltered and altered glass are essen-
tially the same and are positively correlated with TiO2 
implying that both elements remained immobile during 
the alteration processes. Similar trends are found in 
EET 87770.  Sodium is heterogeneous in the chon-
drule mesostasis but is highly depleted along with 
CaO, K2O and SiO2 in the altered glass at the periph-
ery of the chondrules.   

X-ray maps of Na, K, Al, Ca and Fe for both 
chondrules have provided important insights into the 
behavior of these elements during the alteration proc-
ess. In EET 92105, the narrow zone of altered glass on 
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the periphery of the chondrule shows a heterogeneous 
enrichment in Ca and appears to be concentrated in 
micron-sized mineral grains. However, in EET 87770, 
a significant enrichment in Ca is observed in the fine-
grained matrix directly adjacent to the altered periph-
ery of the chondrule, which is highly depleted in Ca 
(Figure 2).  The region of high Ca concentration is 
remarkably similar in area to the region of depletion in 
the chondrule immediately adjacent to it. In addition, 
Ca is highly concentrated around Fe,Ni metal grains in 
the matrix adjacent to this chondrule. In both meteor-
ites, there also appears to be a significant depletion in 
Fe in the matrix adjacent to both chondrules, and the 
distribution of Fe in the matrix is much more homoge-
neous than is generally observed in typical regions of 
matrix. 

Figure 1. CR2 EET 87770 and EET 92105 Type IIA 
chondrule compositions plotted on an Fe-(Si + Al)-Mg 
ternary diagram. 
 

Discussion:  Our data show that during the altera-
tion of highly sodic Type IIA chondrules glass in both 
chondrites, the soluble elements Na and K were mobi-
lized and were essentially completely leached from the 
glass. There is no evidence of any complimentary 
zones of high alkali concentrations in the matrix 
around the chondrules, indicating that these elements 
were not reprecipitated locally. Silicon, Mg and Fe 
behavior is consistent with the replacement of chon-
drule glass by phyllosilicates in chondrules in both 
chondrites [1].  However, the behavior of Ca is some-
what different in these two meteorites. In EET 92105, 
our data indicate an increase in Ca in the zone of al-
tered glass, whereas in EET87770, this zone is highly 
depleted in Ca, but the adjacent matrix material is 
highly enriched in Ca.  We interpret the elevated Ca in 
both cases to be the result of the presence of calcite.  

This difference may reflect a higher degree of aqueous 
alteration in EET 87770, consistent with the thicker 
zone of altered glass. In addition to the enrichment of 
Ca in the matrix immediately adjacent to the altered 
chondrules, elevated Ca contents are also apparent 
surrounding metal grains in the matrix, which we also 
interpret as being due to the presence of calcite. For 
EET 87770, these observations provide unambiguous 
evidence of mass transfer of Ca from the chondrules 
into the matrix during aqueous alteration consistent 
with parent body alteration. However, for EET92105, 
the data are less clear and cannot necessarily discount 
pre-accretionary alteration, because Ca is precipitated 
in the altered glass, not in the matrix.  Increased Ca 
peripheral to Fe,Ni metal grains in the matrix suggests 
that a local chemical microenvironment was present 
associated with these grains. We attribute this phe-
nomenon to the oxidation of metal grains, a process 
that will produce an alkaline fluid due to consumption 
of H+ ions. A localized increase in pH will cause Ca, 
mobilized from chondrules, to precipitate as calcium 
carbonate. Parent body aqueous alteration is implicit in 
this argument.   
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Figure 2. Electron microprobe WDS false-color map 
of Ca distributions in CR2 EET 87770.  Warmer colors 
indicate higher Ca concentrations. 
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