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Porphyritic pyroxene (PP) chondrules (some with olivine) that have a radial pyroxene 
matrix found in enstatite chondrites were proposed by (1) to be a complex mechanical mixture 
of crystals from different sources modified by melting and crystallization processes. The 
mechanical mixing was required because the cathodolurninescence (CL) properties of the 
minerals combined with distinctive mineral chemistry, which could be related to a particular 
CL color, did not allow simple crystallization of a single liquid. Counter arguments by (2) 
stated they did not find CL color to correlate uniquely with mineral chemistry and suggested 
special mechanical mixing was not necessary. The origin proposed by (1) is a very long, 
complex history whde that proposed by (2) is restricted to crystallization and metamorphism 
and thus is less complex. A simple formation model is always more palatable and what is 
presented below, which contains elements of the above models, we feel, fulfills that 
requirement. It is also compatible with the models for formation of chondrules in ordinary 
chondrites with which they are often compared. 

Recent experimental studies of chondrule formation processes suggest that remelting of 
previously crystalline material is the dominant process in chondrule formation, especially for 
porphyritic chondrules (3,4). Chondrules of the type mentioned above in Indarch (E4) and 
Qingzhen (E3) have been reexamined in light of this partial melting model. The chondrules in 
question contain pyroxene phenocrysts which usually emit a blue CL. The phenocrysts vary 
from euhedral to anhedral, from rare to dominant. The matrix is most commonly radial 
pyroxene with red CL, but may be predominantly microphenocrysts with red CL as well. 
Sulfides, Fe-metal, and other minor minerals are present. Analyses of the blue luminescing 
enstatite phenocrysts and the red luminescing radial enstatite are given in Table 1. They are 
consistent with compositions determined by previous workers (e.g., 1,2) in that the blue 
enstatite contains negligible minor elements. Some of the chondrules (especially in Qingzhen) 
also contain olivines with distinctive orange CL along with the more common red CL. 
Olivines with blue CL like those reported by (1) were not observed in the thin sections used in 
this study. 

The model ~ r o ~ o s e d  here is similar to that for chondrules in ordinarv chondrites. It is * * 
becoming increasingly apparent that porphyritic chondrules form by a which first 
involves the mechanical aggregation of crystalline and other material which is then partially 
melted and cooled. If the melting is nearly complete so that microscopically visible crystals 
are eliminated, but nuclei remain, all the phenocrysts will be essentially newly formed with a 
vanishingly small and thus undetectable relict core. If melting is not so complete, discernible 
relict crystals will remain. Such crystals were first described by (5) and (6) and identified by 
their distinctly different character compared to the dominant crystals in the chondrule and by 
obvious compositional incompatibilities. There is no a priori reason that relict crystals have to 
be distinctly different, it is just that such crystals are more easily identified. In the case of 
these PP chondrules, the pyroxene phenocrysts which we propose to be relict do have 
distinctive chemistry but, because of the limited compositional variation of the pyroxenes in 
enstatite chondrites, not markedly so. The differences are restricted to minor variations in Mn 
and Cr and Al. 

The proposed history would begin with the mechanical aggregation of nearly pure 
enstatite (i.e. low in Mn, Cr, and Al) with a Blue CL, enstatite with increased levels of these 
minor elements with red CL, sulfides, Fe-metal, and other minor phases. This aggregate is 
then partially melted so that some of the Blue CL enstatite is preserved. This would work best 
if the blue enstatite is disproportionately larger that the other crystals. The chondrule is then 
cooled quite rapidly and the melt crystallizes to a radial texture. The radial texture would 
develop only if the remaining melt in the chondrule is free of nuclei at the beginning of 
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cooling. Nucleation would then occur on embryos which become nuclei during the cooling 
(7). The Mn, Cr, and A1 in the px could come from the red C1 En in the aggregate or from 
the sulfides and other minor phases, if no red CL px was aggregated. During the rapid growth 
necessary to produce the radial texture, the minor elements would be readily incorporated into 
the newly grown enstatite producing the red CL. 

Simple remelting was originally considered by (I), but dismissed it because of the lack 
of embayments in the phenocrysts that would have survived the melting event. Embayments, 
however, are not a necessary result of partial melting (8-10). In this case, the melting most 
likely occurred quite rapidly and would further reduce the likelihood of embayments forming 
in the remaining relict crystals. Leitch and Smith (1) were also concerned with the ability of 
an essentially enstatite melt to crystallize pyroxene considering the incongruent crystallization 
relationship of forsterite plus Si-rich melt from enstatite composition as exemplified by the 
work of (1 1) who grew radiating olivine from a pyroxene rich composition. Subsequent work 
on pyroxene rich compositions (12) show that with the appropriate nucleation conditions, 
however, that the pyroxene crystallizes readily either in a radial texture or as typical igneous 
phenocrysts. 

The differences in the models of (1) and (2) are resolved as a partial combination of the 
two hypotheses. Mechanical mixing is important in the formation of the precursor to the 
chondrules and allows crystals of different origins to come together to be melted to form a 
chondrule in a single event. The nature of the mixing process nor the sources of all the 
precursor materials are not well understood at this time, but the subsequent history can be 
reconstructed quite plausibly. The mechanical mixture is partially melted and then crystallizes 
during the cooling event. Igneous differentiation and fractionation processes dominate this 
part of the history as proposed by (2). Metamorphism no doubt plays a role in the formation 
of the enstatite with blue CL as proposed by (2), but would occur prior to aggregation of the 
chondrule precursors and not after the chondrule is formed. This helps explain the relatively 
high Na content of the blue enstatite which could be incorporated during low temperature 
metamorphism prior to aggregation of the precursor components and is preserved during the 
rapid melting event. 

The model presented above is essentially the same as that presented for the formation of 
chondrules in ordinary chondrites. The blue CL becomes a criteria for identification of relict 
enstatite crystals that do not differ significantly from the igneous grown crystals and would be 
difficult to identify otherwise as relicts as suggested by (2). 
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Table 1. Analyses of enstatite crystals in Indarch which emit either blue or red CL. 

Si02 Ti02 A1203 Cr203 FeO MnO MgO CaO Na20 

bluelequant 59.44 0.00 0.03 0.00 0.10 0.04 40.72 0.04 0.11 
redlradial 59.08 0.05 0.27 0.77 1.85 0.20 37.67 0.34 0.17 
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