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A genetic relationship between two major chondrule types, 
type I and type II, is not well understood. Transformation of Fe-
metal-rich type I chondrules into type II chondrules during melt-
ing under oxidizing conditions was experimentally reproduced, 
indicating possible formation of type II chondrules from type I 
chondrules [1]. Recently we have reported type I POP chondrules 
surrounded by FeO-rich igneous rims in GRA 95229 (CR2) [2]. 
The mineralogy, texture, minor element and O-isotope composi-
tions of these layered chondrules indicate that (1) the FeO-rich 
igneous rims are similar to type II chondrules, and (2) some type 
I chondrules were recycled in type II chondrule-forming region. 
Here we describe type I chondrules with FeO-rich igneous rims 
(hereafter type I-II hybrid chondrules) in two polished sections of 
Yamato 81020 (CO3.0) and Acfer 094 (ungrouped type 3). 

Seven and eight type I-II hybrid chondrules are identified in 
each section of Y-81020 and Acfer 094, respectively. Using ma-
trix abundances in these meteorites [3,4] and area fraction of the 
hybrid chondrules, the type I-II hybrid chondrules comprise 
~0.2% and ~0.4% among chondrules in Y-81020 and Acfer 094, 
respectively. Sizes of them are similar to or slightly smaller than 
typical chondrules in these two chondrites [e.g. 4,5]. 

The host chondrules have Mg-rich compositions and PO, 
POP, PP textures. The highest Fo and En contents in chondrule 
olivines and low-Ca pyroxenes are ~97−99; some olivine grains 
show Fe-Mg zoning. The igneous rims consist of FeO-rich oli-
vine, Na-bearing ferroan high-Ca pyroxene, and glassy mesosta-
sis. The rim olivines have typical Fo contents ranging from ~50 
to ~63 and often show Fe-Mg zoning with Mg-rich cores. Small 
grains of Na-bearing (Na2O ~0.2-0.7 wt%) ferroan cpx 
(Fs~45Wo~38) commonly replaces the low-Ca pyroxene pheno-
crysts of the host chondrule. There appears to be a continuum in 
degrees of solid-melt interaction between the host chondrules and 
their igneous rims. Some chondrules have very distinct bounda-
ries with their igneous rims, very limited Fe-Mg zoning in the 
host chondrule olivines, and a very small grain size in the rims, 
indicating very brief heating and melting during the rim for-
mation. In contrast, other chondrules are nearly type II chon-
drules with small relict type I chondrule cores, suggesting a high-
er degree of interaction between the host type I chondrules and 
FeO-rich igneous rims. 

Oxygen-isotope compositions of most olivine and low-Ca py-
roxene in the hosts range in Δ17O from −7 to −5‰, while those of 
most olivines in the rims are −3 to −2‰, in very good agreement 
with those of type I and type II chondrules from these two chon-
drites, respectively [6,7]. These observations along with those in 
[2] provide direct evidences that some of type I chondrules were 
recycled in type II chondrule-forming region to form the FeO-
rich igneous rims.  
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