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CHONDRULES AND MATRIX IN THE ORNANS C03 CHONDRITE: 
POSSIBLE PRECURSOR COMPONENTS. Alan E. Rubin and John T. Nasson, 
Institute of Geophysics and Planetary Physics, University of 
California, Los Angeles, CA 90024, USA. 

Possible precursor components of chondrules have been 
inferred from instrumental neutron activation analysis (INAA) of 
type-3 ordinary (OC), CV3 and EH3 chondrite chondrules El-83, and 
by broad-beam electron microprobe analysis of spinach-free 
chondrules from CM Murray E93. Prior to the present study, there 
have been no trace element determinations of individual C03 
chondrules. 

We analyzed 17 chondrules C6 PO, 8 POP, 2 PP and 1 BO3 
having a mean mass of 1.7k0.8 mg and one 7.5-mg fine-fraction 
(175 p) "matrix" sample from C03 Ornans by INAA, microscopy and 
electron microprobe analysis. The chondrule set is biased 
against small, friable and nonspheroidal chondrules. 

Chondrule 1 (PP) contains "45 vol.$ mesostasis that is 
"82% normative plagioclase (Ab40,Orl); it has very high (3-4x CO) 
Mg-normalized abundances of Al, Ca, REE and Na. Mineralogical 
and chemical characteristics show it to be related to Mark's El03 
Ca-Al-rich chondrules. 

Most of the remaining porphyritic chondrules contain 
60-90% normative plagioclase mesostases (-17-64,OrO.Z-2.3). 
Olivine and low-Ca pyroxene average Fa4.622.0 and 
Fs3.4&1.8,Ho1.9+0.7, respectively. In (contrast, the sole BO 
chondrule (14) contains very FeO-rich olivines (Fa45). Magnetite 
is more abundant than metal in many chondrules. 

The chondrules tend to have relatively unfractionated 
refractory lithophile abundances (0.3-1.5~ CO), although in 
several cases, Ca is depleted and/or Sc is enriched. Many of the 
chondrules have low MnICr abundance ratios as has been observed 
in some CV chondrules 183. Siderophile abundances vary from 
0.2-2x CO. In some cases, Fe and Ga are depleted relative to Ni; 
however, in BO chondrule 14, Fe and Ga are enriched. 

Largely on the basis of factor analysis of chondrules 
other than 1 and 14, we infer the following C03 chondrule 
precursor components: (1) siderophiles (Fe,Co,Ni,As,Au and 
moderate Ir), chalcophiles (Se) and Cr; ( 2 )  refractory litho- 
philes (Al,Ca,Sc,Sm), alkalies (Na,K), Ga and Ir., (3) Mn, Si 
and, possibly, Cr and pyroxene; and (4) olivine and FeO. 

Component 1 must have formed as metal and sulfide. The 
Cr in this component suggests that most nebular Cr condensed into 
metal; Colony, perhaps the least equilibrated C03, contains 
kamacite with "5 mg/g Cr C113. 

Component 2, which is dominated by refractory lithophiles 
and alkalies, probably formed from refractory-rich nuclei in the 
solar nebula. The correlation with Ir suggests that these 
refractory grains trapped minor amounts of refractory 
siderophiles. Because the grains were Al-rich, they offered 
sites favorable for the nucleation of alkalies, providing that 
the grains were fine-grained and had large surface areas exposed. 
This would account for the intercorrelations of Al, Na and K. 
Compositional evidence suggests that, like the alkalies, Ga may 
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be condensing as an oxide on the same Al-rich substrate. 
Component 3 consists of the intercorrelating elements Mn 

and Si. Chromium correlates moderately with Si and weakly with 
Mn; thus, this component may contain minor Cr. Because the 
pyroxene-rich, nonporphyritic (type 111) C03 chondrules C123 are 
richer in these elements than other chondrule types and because 
Mg loads negatively on this factor, it is possible that component 
3 is also rich in pyroxene. A similar precursor component was 
identified for CV3 chondrules C83. As in CM chondrules C93, Cr 
and Mn correlate in Ornans chondrule olivines. 

The existence of component 4 is inferred from the 
occurence of FeO- and olivine-rich PO, POP and BO chondrules 
c121. 

The similarities between CM and CO chondrules in size, 
rarity of coarse-grained rims and of nonporphyritic types, and 
concentrations of elements little affected by aqueous alteration 
(Mg,Si,Cr,Mn) suggest that the two sets of chondrules formed 
under very similar conditions from the same precursor components 
C93. 

Our Ornans matrix sample is characterized by moderately 
high abundances (1.2-1.45~ CO) of common and volatile 
siderophiles and chalcophiles. It is somewhat enriched in Ca, Sm 
and Eu (1.15-1.25~ CO) but not Sc (0.86~ CO) or A1 ("lx CO). The 
fairly uniform abundances of most siderophiles and chalcophiles 
coupled with the low Ir/Ni ratio suggest that the metal-sulfide 
chondrule precursor component could be the matrix. C03 matrices 
are olivine-rich C133 and matrices in the least equilibrated C03 
chondrites are very rich in FeO C11,133. This suggests that the 
olivine- and FeO-rich component could also be the matrix, 
although this would require extensive loss of metal from BO 
chondrule 14. 

Possible chondrule precursor components have now been 
inferred for OC, CV, El4 and CO-CM chondrites. Common to 
chondrules in all of these groups are refractory-lithophile-rich 
and siderophile-rich precursor components. This suggests that 
the siderophile/lithophile and refractory/common lithoghile 
fractionations recorded in chondrite whole-rocks were established 
prior to chondrule formation at all nebular locations. 
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