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Introduction: In our continued investigation to 
fully characterize CR2 chondrites (CR2) using in situ 
analytical techniques, we have expanded upon the data 
set of [1,2].  We report new O-isotopic data for petro-
graphically well-characterized type-II chondrules 
(FeO-rich) from three CR2 chondrites. Our new data 
imply that some CR2, type-II chondrules maybe ex-
ogenous, potentially related to ordinary chondrite (OC) 
type II chondrules. Our results have profound implica-
tions for the temporal relationship of CR2, type-II 
chondrules and mixing of chondritic materials. 

Experimental:  Details of our petrographic inves-
tigation and preliminary O-isotope data were reported 
by [1,2].  In this work, we re-analyzed and add new 
data for the O-isotopic compositions of type-II chon-
drules from Renazzo USNM 1123-1 (Ren), EET 
92011,5 (EET) and MAC 87320,10 (MAC).  Objects 
were characterized as type-II chondrules by backscat-
tered electron imaging on the FE-SEM at the AMNH.  
Analyses of major and minor elements were performed 
at the LPL on a CAMECA SX 50 electron microprobe. 
O-isotopic compositions of olivines were analyzed 
with the UH Cameca ims 1280 ion microprobe.  Ex-
perimental details are provided in [3].  
Table 1.  Summary of O-isotope data. 

Notes: Fa=mean of at least 3 phenocrysts cores. O-isotopic values 
are means for chondrules. BO =Barred Olivine, PO=Porphyritic 
Olivine. 
Results: The characteristics of 31 type-II objects were 
summarized by [2].  We designated a sub-set of 11 
chondrules (Table 1) from the data set for analysis of 
the O-isotopic compositions of olivines (Fig. 1).  
Mac 87320: Data for two chondrules cluster together 

on the CCAM line, except for the inverted red triangle, 
which represents a petrographically characterized relict 
grain from Ch2. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 1. Three-isotope plot for olivines analyzed within chon-
drules. Red symbols are petrographically characterized relict 
grains. Y&R = Young and Russell line [4]. Representative error 
bar shown in the upper left. 
EET 92011: Chondrule olivines from EET define two 
populations on the three-isotope plot, one above the TF 
line (Ch 2,3 and 4), the other (Ch 1) several ‰ below 
TF line.  Ch 4 contains several relict grains, with O-
isotopic compositions plotting below the TF line.  
Renazzo: Most olivines from Ren chondrules plot 
above the TF line, as was the case for EET.  One 
chondrule (Ch 8) plots very near EET Ch 1, below the 
TF line.  One grain from Ch 7, probably a relict, falls 
in the same region.   
Discussion:  The O-isotope compositions of type-II 
chondrules are diverse, ranging from compositions 
similar to ordinary chondrites (OC) down to olivines 
from type I chondrules from CR2 (Fig. 2).  They are 
also diverse in that the range in δ18O extends from 
close to the Young and Russell (Y&R) line [4] to the 
CCAM line.  There is no apparent correlation between 
the degree of hydration of the whole rock and O-
isotope signatures of chondrule olivines, nor with the 
level of alteration of chondrules studied. Ren and EET 
chondrule olivines form two groups, with no defining 
petrographic feature. 

Sample # Fa Type δ17O δ18O ∆17O 
Renazzo USNM 1123-1   

Ch1 15.8 PO 3.9±0.9 6.3±1.9 0.6±0.2 
Ch2  23.3 PO 4.7±0.6 6.9±1.4 1.1±0.7 
Ch 7 30.8 PO 3.9±0.3 6.2±0.8 0.7±0.2 
Ch 8 52.9 PO -1.7±1.2 0.6±1.1 -2.0±0.7 

Ch 11 49.2 PO 4.3±0.8 7.2±1.4 0.6±0.6 
EET92011,5      

Ch1 38.8 BO/PO -0.9±1.1 1.6±1.1 -1.7±0.8 
Ch2 46.4 PO 3.1±0.7 4.9±0.7 0.5±0.7 
Ch3 21.6 PO 3.6±0.5 5.6±0.7 0.7±0.7 
Ch4  28.8 PO 4.0±1.0 5.4±1.3 1.1±0.8 

Mac 87320,10    
Ch1 15.6 PO 2.4±1.1 7.1±0.9 -1.3±1.0 
Ch2 25.8 PO 2.7±0.4 7.0±0.5 -1.0±0.3 
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Fig. 2. Mean values for analyzed olivines from investigated 
chondrules along with data for bulk OCs [5], bulk CR2 [6] and 
olivines from CR2 type I chondrules [7,8]. 

An important observation is that several PO, type-II 
chondrules from Renazzo appear to be almost equili-
brated with respect to Fe-Mg concentrations in olivine 
(Fig. 3).  Other chondrules (Fig. 4), however, are simi-
lar to classic type-II chondrules as defined by [9], with 
pronounced Fe-Mg zoning in phenocryst. No correla-
tion exists between these textural types and their oli-
vine O-isotopic composition. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. BEI of two, type-II chondrules from Renazzo that are 
essentially equilibrated, which may contain relicts. 

Implications: It appears that the O-isotopic com-
position of CR2, type-II chondrules form three groups.  
The isotopic composition does not correlate with any 
petrographic feature.  We hypothesize that the chon-
drules plotting above the TF line are either (1) OC 
type-II chondrules that were scattered into the CR2 
region before accretion, (2) derived from a source 
region similar to but independent of the OC source 
region, or (3) formed in the same O reservoir (e.g., 
gas) as OC chondrules, but at a different time. Low-Fa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. BEI of a classic type-II chondrule fragment from 
Renazzo.  
relict olivine grains within this first groups of CR2 
type-II chondrules have O-isotopic compositions simi-
lar to some CR2, type-I chondrule olivines.  The impli-
cation for this population is that the type-I chondrules 
formed first and that type-II chondrules derived part of 
their precursors from these chondrules [2,10]. How-
ever, the bulk of the precursors were OC or OC-like. If 
hypothesis (1) is correct, then OC chondrules formed 
before the CR2 parent body accreted.  

The second population of type-II chondrules plots 
with CR2, type-I chondrules. We hypothesize that 
these chondrules derive their O isotopic composition 
from the same or similar reservoir as CR2, type-I 
chondrules.  But when type-II chondrules formed, the 
reservoir was in a more oxidized state. As speculation, 
the oxidation state of the chondrules may represent a 
time sequence in the formation region, with type-I 
chondrules forming first and type-II chondrules pro-
duced later from more oxidized precursors or a mixture 
of reduced and oxidized materials [10].  

The third population of chondrules plots on the 
CCAM line, which is very different from the bulk-rock 
composition (δ17O = -0.87; δ18O = 1.79 [6]). This 
population is not yet observed in the other CR2 we 
investigated. Clearly, CR2, type-II chondrules record a 
multitude of source regions and potential formation 
times.  
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