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Introdygtiq~. In a previous report (I), we described the first measured 
180/160 and 110/100 ratios in petrologically characterized individual chondrules 
from unequilibrated ordinary chondrites. However, important developments since 
that time justify further discussion of the data and their interpretation. 
Firstly, new oxygen isotopic analyses of additional individual chondrules (2,3) 
have confirmed the three-i sotope trend observed previously (1). Secondly, new 
oxygen isotopic analyses of whole-rock equi 1 i brated H- and L-chondri tes (3) have 
led to refinement in the position of the H-L mixing line and its contrast with the 
apparent chondrule trend. Thirdly, further study of correlations between oxygen 
isotopic and chemical/petrological compositions of the chondrules has led to 
refinement of our interpretations regarding chondrule origins. We infer that 
both mixing and fractionation processes were involved in chondrule formation but 
that petrological correlation with these two isotopic effects may not be the same 
in the porphyritic and nonporphyritic chondrule groups. 
1sotop.i~ Mixing and Fractionation Factors. On a three-isotope plot (Fig. I), 
the chondrule data lie along a moderately well-defined trend line of slope 0.8. 
However, data for a 1 arger iui te of (pet~ol~gicall~ uncharacterized) chondrules 
indicates a trend of slope -1 (2,3). The chondrule trend line is appreciably 
different than the whole-rock equi 1 i brated chondrite H-L mixing 1 ine as most 
recently defined (3; Fig. 1) although the former still intersects the latter near 
the average H-chondrite composition. Given the properties of the three-isotope 
plot (4), the isotopic composition of each chondrule can be attributed to the 
combined effects of (a) mixing of two end-members (with one highly enriched in 
l60) along a slope-1 1 ine, and (b) mass fractionation along a slope-1/2 1 ine by 
isotopic exchange between the evolving chondrule and an external reservoir. 
Assuming that the H-L mixing line is the dominant graphical control of (a), the 
mixinq (m) and fractionation (f) vectors can be assiqned masnitudes. relative to 
an arbitrarily selected reference point (r of 

- - 
m18 = 26170 - 6180 - 26 170 + 6180r, and fib = 24180 - 26170 + 26170, - &180,. 

Using a reference point (616, = 2.60/po, 6 18fI = 4.00 ,) on the H-L mixing line if? .just below the H-chondrite com~osition. m and f were com~uted for each 
chondrule. For nonporphyritic chondrul& (DH-4, DH-5, HG-2, ~ ~ 1 9 ,  SE-12), m18 
shows a very strong inverse correlation with f18 (correlation coefficient, r = - 
0.95) whereas the corresponding covari ation among porphyritic chondrules (HG-1, 
HG-24, HG-25, SE-10, SE-13) is significantly weaker (r = -0.76). 
Isotopic/Petrologica1 Correlations. Most of the tests performed to identify 
correlations between isotopic and petrological parameters found trends of 
questionable statistical significance, probably reflecting both the composi- 
tional heterogeneity among the chondrules and the small number of samples 
analyzed. In general, though, for most trends, the isotopic/petrological 
correlations were greater in strength for nonporphyritic than for porphyritic 
chondrules. A particularly striking example is the correlation of m18 with bulk 
Ir/Au ratio which yields r = M.99 for nonporphyritic chondrules but only r = 
+0.19 for porphyritic chondrules. Amon porphyritic chondrules, though, 
correlations between m18 and total bulk Fe qr = -0.58) or total bulk rare-earth 
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elements REE) (r = +0.65) were both stronger than the correspondi g correlations 
1 k between fi8 and the same petrological parameters. The case for rn bulk ratio 

(CaO + A1203)/MgO is similar although less clear . 
Implications for Chondrule Formation. Oxygen isotopic compositions of chon- 
drules were apparently controlled by mixing, with fractionation producing 
second-order effects. - Isotopic mixing might have occurred either by exchange 
between chondrule droplets and a 160-depleted external gaseous reservoir (2 j or 
by actual petrological mixing of different solid precursor materials prior to 
chondrule me1 t formation (1). Petrological mixing (e.g., mafic with felsic 
materials) might be consistent with the observed weak correlations of ml8 with 
total REE and (CaO + A1203)/Mg0, respectively. However, the basis of the m18 - vs. 
Ir/Au correlation among nonporphyritic chondrules remains unclear. A point of 
major importance, though, is that different i sotopic/petrological trends may 
exist among nonporphyritic chondrules relative to porphyritic chondrules. Such 
differences would serve to further emphasize the possible petrogenetic contrast 
between the two groups, as previously suggested (5,6). 
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Figure 1. Three-isotope plot of Dhajala (DH), Hal 1 ingeberg (HG), and Semarkona 

(SE) chondrule and whole-rock chondri te (W. R. ) compositions compared 
with compositions of chondrule composites (7) and individual inclu- 
sions (8). 
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