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Two sets of objects, compound chondrules melted in independent events and 
chondrules with igneous rims, preserve the record of solids present at different times during 
chondrule formation in the solar nebula. We had anticipated that the FeO contents of the 
dominant mafic minerals in the secondaries of independent compound chondrules would 
either be randomly distributed or consistently FeO-rich; what we observed was that FeO- 
contents of secondaries are similar to those of primaries, implying formation from the same 
batch of nebular materials [ I ] .  As shown in Fig. 1, our studies of igneous rims on 
chondrules show the same trend. We studied ten low-FeO (Fa or Fs <8 mol%) and eight 
high-FeO (Fa or Fs >8 mol%) chondrules with igneous rims (hereafter shortened to rims) in 
unequilibrated (type <3.7) ordinary chrondrites. With one exception, the low-FeO 
chondrules have porphyritic-olivine textures; most of their rims are pyroxene-normative. 
Most of these rims have experienced high degrees of melting, perhaps 90~10%. In most 
cases the rims around high-FeO chondrules show appreciably lower degrees of melting; 
many contain low-FeO relict grains which may have formed by disaggregation of low-FeO 
chondrules. These rims are mainly olivine-normative. The existence of chondrules with 
igneous rims supports the conclusion arrived at from our compound-chondrule study, that 
chondrule-forming high-temperature events took place multiple times. 

Rims around chondrules can be divided into two major categories: fine-grained rims, 
typically opaque and iron-rich [2,3] and relatively coarse-grained rims [4,5]. Fine-grained 
rims are similar in mineralogy and chemistry to matrix material and consist of micrometer- 
to-submicrometer-sized grains or amorphous material. It is widely accepted that fine- 
grained rims did not experience any significant melting 131. Coarse-grained rims are much 
coarser than matrix material (e.g., -4 pm in Semarkona); they surround -50%, -10% and 
< I  % of all chondrules in CV3, H-L-LL3 and C03 chondrites, respectively [4]. Rubin [4] 
suggested that coarse-grained rims formed by sintering of opaque matrix material by 
heating to sub-solidus or sub-liquidus temperatures during chondrule formation. Our study 
of coarse-grained rims in ordinary chondrites showed that these were appreciably melted 
and can be classified as igneous rims. 

Wasson et al. [ I ]  divided the compound chondrules in ordinary chondrites into two 
categories: sibling chondrules and independent chondrules. Sibling chondrules have 
essentially identical textures and compositions implying formation in the same flash-heating 
event. The primary and secondary of independent compound chondrules differ in 
composition and generally also in texture; the secondaries seem to have formed by melting 
of materials surrounding the earlier-formed primary. Although the most common type of 
secondaries are adhering, a significant fraction envelop the primary chondrule. We infer 
that igneous rims, like independent secondaries, formed by accretion of precursor grains 
onto chondrules followed by heating and melting during chondrule formation. Thus rims 
and enveloping secondaries preserve the nebular record of solids present some period after 
the primary or host chondrule had formed. 

These observations are consistent with the canonical cosmochemical picture of 
nebular solids evolving towards more FeO-rich compositions as the temperature falls. It 
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seems probable that low-FeO chondrules formed before major low-temperature oxidation of 
metallic Fe-Ni into fayalitic olivine, high-FeO chondrules formed after the nebula had cooled 
to lower temperatures (1500K). Even the low-FeO chondrules contain FeS, an indication 
that the nebula had cooled to the FeS condensation temperature of 650 K before most of 
them formed. 

The decrease in the inferred degree of rim melting with increasing FeO content is 
counter-intuitive, since the melting temperature of chondritic matter decreases as FeO 
increases. Most igneous rims around low-FeO chondrules have been almost completely 
melted; they contain rounded metallic-Fe-Ni - troilite nodules and euhedral and subhedral 
olivine and pyroxene phenocrysts in a plagioclase mesostasis; the surfaces of the enclosed 
chondrules have been partially resorbed. The textures of the rims around high-FeO 
chondrules indicate lower degrees of melting and do not show evidence of resorption of the 
host; many contain low-FeO relict grains (Fao.lo, FS,.~). This offers the important insight that 
the mean intensity of the chondrule forming-heating events decreased as the temperature 
of the nebula decreased. 

Our observations indicate that formation of primary chondrules, secondaries and 
rims occurs in a given batch of nebular material, then this set of chondrules is withdrawn 
from the chondrule-forming region or destroyed by collisions. If we accept the picture that 
mean FeO increases with time, preexisting low-FeO chondrules were not in the chondrule- 
forming region when the high-FeO chondrules formed. This is consistent with models [6] 
e.g., in which chondrule formation is confined to the interface region between the gaseous 
nebula and the dusty midplane; earlier generations of chondrules could have been stored 
near the center of the midplane, whereas turbulence could elevate their fragments into the 
chondrule forming region. 
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