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Introduction: The CM chondrites as well as 
CV and CO contain significant amounts of chondrules 
together with CAIs, while CM chondrites have been 
subjected to aqueous alteration extensively [1]. Aque-
ous alteration process is one of most important events 
in the early solar system [2], and the chondrules from 
CM chondrites have preserved the abundant informa-
tion about the evolution process of aqueously altered 
meteorites as well as the formation process. Many au-
thors have studied the physico-chemical conditions of 
aqueous alteration by mineralogical and mineral-
chemical approaches [3]. The abundances of rare earth 
elements (REE) in various meteoritic materials are 
expected to be a unique tool to constrain geochemical 
environments. In spite of cosmochemical importance, 
however, CM chondrules have rarely been analyzed 
for REE since Schmitt et al. [4], being due to difficulty 
caused by scarcity and tiny masses available for analy-
sis. In this study, we analyzed REE  (La, Ce, Nd, Sm, 
Eu, Gd, Dy, Er, Yb, Lu), Ba, Sr, Rb, K, Ca, Mg and Fe 
precisely by direct loading isotope dilution mass spec-
trometry (DL-IDMS) [5] for twenty-four chondrules 
from weakly altered CM chondrites, Murchison and Y-
793321 along with petrographic examinations. Com-
bining with REE data of chondrules from other carbo-
naceous (CV and CO group) chondrites previously 
reported [6, 7, 8], we discuss their formation and 
aqueous alteration processes.  

Experimental setup: Ten Murchison and 14 Y-
793321 chondrules (<~1.5 mm in diameter) were sepa-
rated from Murchison and Y-793321 whole rock frag-
ments. Individual specimens were broken into ap-
proximately two parts; One part (20-50wt.%) of a 
whole chondrule was used for preparation of a pol-
ished thin section for petrographic examinations and 
the rest (50-80wt.%) was used for analysis of DL-
IDMS. 

Results and Discussion: Twenty four chon-
drules show porphyritic (17), barred (5), radial (1) and 
granular (1) textures, and most of them (23 among 24) 
were subjected to various degrees of aqueous altera-
tion. K and Rb in Murchison and Y-793321 chondrules 
are systematically depleted (0.06-0.94 X CI) compared 
to those of CV and CO chondrules (0.3-3 X CI) [6, 7] 
due to aqueous alteration. Abundances of Sr and Ba in 
CM chondrules are also variable and relatively lower 
(<0.1-2.2 X CI) than those of CV and CO chondrules 
(1-10 X CI) [6, 7]. As to REE patterns, the following 

two types were identified; Eight among 24 chondrules 
show unfractionated REE patterns with/without 
light/heavy-REE discontinuity and of Ce, Eu and Yb 
irregularities, which are indicative of high temperature 
nebular fractionations typically observed for CV and 
CO chondrules [6, 8]. On the other hand, other 16 
chondrules indicate smoothly light-REE depleted pat-
terns together with a large negative Eu anomaly (CI-
normalized La/Sm ratio = 0.41-0.95; Eu/Eu* = 0.29-
1.03) accompanying occasionally with nebular REE 
signatures. This type of REE pattern has not been ob-
served in CV and CO chondrules, and are unique for 
aqueously altered CM chondrules. The light-REE de-
pletion as observed here can not be explained as due to 
gas/solid fractionation in the nebula but are well un-
derstood as results of  liquid/solid interation on the 
parent body. The REE features observed in CM chon-
drules imply that, like chondrules from other groups, 
refractory precursors of CM chondrules were formed 
as the high-temperature nebular condensates. After the 
agglomeration into CM parent bodies, light-REE and 
Eu have been selectively leached out from chondrules  
and incorporated into secondary alteration products 
such as Ca-rich minerals in matrix and/or chondrule 
mesostasis during aqueous alteration. Behaviors of 
REE (especially Eu and L-REE) in these CM chon-
drules provide valuable information about evolution 
processes, physico-chemical conditions and timing of 
aqueous alteration in the early solar system. 
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