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Introduction Chondrules somewhat imperfectly record their history, from precursors to parent- 
body processing, in terms of anomalous inclusions, textures and mineral zoning, rim accretion, 
abrasion and re-equilibration (1). Additional information is reported here on precursors, a s  seen in a 
partly melted aggregate in Semarkona, and on secondary Fe-Mg exchange, as seen in partly 
equilibrated Type I1 chondrules in Chainpur. 

Aggregate in Semarkona One "chondrule" in Semarkona (LL3.0) is an anhedral composite 
particle coated with a fine-grained opaque rim (Fig. 1). It consists of a massive pyroxenite, containing 
En98 with very low minor element concentrations, in sharp contact with a more complex assemblage 
of grains in an igneous matrix (Fig. 2). The grains consist of En99 high in minor elements, En79 
rimmed with enstatite, massive metal-free Fo99 clasts, and grains and fine lobate aggregates of 
forsterite with abundant Fe  metal. Melt-grown phases include subcalcic diopside/fassaite with 4-10% 
A1203 overgrown on enstatite, and plagioclase (An55-60) needles nucleated on pyroxene(Fig. 2). A 
silica-rich aluminous glass interstitial to plagioclase is largely etched away, presumably in parent-body 
hydrous activity (Fig. 2). 

This unequilibrated heterogeneous aggregate has suffered relatively little thermal processing, 
only temperatures sufficient to melt "andesitic" components. More extensive melting might have 
converted this particle into a PP or POP chondrule. The precursor grains apparently included two 
kinds of olivine and three or four kinds of pyroxene. This aggregate was assembled in a random way, 
as predicted for  chondrule precursors (I) ,  and is in someways analogous to an Allende aggregate (2). 

Re-equilibration in Chainpur Ruzicka reported that chondrules in Chainpur (LL3.4) 
experienced widespread but variable Fe-Mg metasomatism (3). BSE imaging confirms that Chainpur 
chondrules are partly equilibrated and this re-equilibration resembles Type B ('metamorphic') zoning 
of (4). Chondrules with rims show the most Fe-enriched olivine near the rim of the chondrule (Fig. 3). 
Some chondrules have suffered abrasion, which has removed any rims and also parts of the chondrule. 
In such chondrules, both cores and rims of patchily zoned olivine may be in contact with "matrix" (Fig. 
4) so that it is obvious that the Fe-Mg zonation was acquired before abrasion, not by metamorphism of 
bulk Chainpur. 

(5) argued from grainsize distributions that Bishunpur matrix is largely derived from 
chondrules. The presence of distinct shards of microporphyry at  least as small as 50 um long suggests 
that much of Chainpur matrix is also clastic. Since re-equilibration occurred before abrasion (Fig. 
4), Chainpur is in some sense a breccia rather than a metamorphic rock. Similarly, the range of 
degrees of re-equilibration in the 3.6 and 3.7 chondrites of (4) suggests that these may be breccias, like 
some equilibrated chondrites (6). 

Fe-Mg re-equilibration is widely taken to be a parent-body process. However, a broken patchily 
zoned olivine grain (like the one in the Fig. 4 chondrule) in a CM2 has acquired an accretionary rim 
(7), and rims are  generally taken to be nebular in origin (7-8). These assumptions about equilibration 
and rimming can be reconciled, if collisions disrupted weakly sintered parent bodies and expelled 
chondrules into a debris.cloud or transient atmosphere. Then rims formed in extremely localized 
nebular domains under non-canonical conditions. An alternative suggestion was that chondrule 
collision and (partial) equilibration took place in nebular clumps (I),  although it is far from clear that 
the necessary times were available for  Fe-Mg diffusion. Given radically new models for  chondrule 
formation (9), as  well as  increasing recognition of the role of collisions in the evolution of meteorites, 
nebular and parent-body processes recorded in chondrites need re-evaluation. 
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