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Chemical compositions of chondrules are controlled by precursor grain compositions and 
liquid-gas exchange during chondrule formation. The relative importance of these two factors is 
controversial [I-31. Most chondrules in 0 and C chondrites show only minor volatile depletions 
[4], but a few ungrouped chondrites show significant volatile depletions in most chondrules [5, 
61. Like Sears and coworkers [3, 71, I argue that for type I chondrules there is considerable 
circumstantial evidence for volatile loss and partial recondensation. Chondrites composed 
largely of type I porphyritic or barred chondrules that failed to reacquire volatiles should be 
grossly deficient in volatiles; Bencubbin and Weatherford may be examples of such chondrites 
rather than products of impacts on planetary surfaces [5, 61. Iron meteorites lacking volatile 
siderophiles, e.g., IVB irons, probably formed from these kinds of chondrites. Evaporation and 
recondensation processes during brief high-temperature nebula events may be common to many 
CAIs and some chondrules [ti]. 

T w e  I chondrule~ 
Type IA porphyritic chondrules in Semarkona have concentrations of Na and K that are 

typically only 30% of the concentrations in type 11 chondrules. Jones [9] showed that type IA 
chondrules in Semarkona could be derived from type 11 by loss of 80% of Na and 20% of Si, but 
she considered fractionation of precursor grains and volatile loss to be equally plausible. Jie et 
al. [7] and Hewins [lo] argued respectively for and against volatile loss during the formation of 
type I chondrules. Most of the 30-odd type I chondrules that have been studied in detail show 
little direct evidence for nebula-chondrule interaction. Exceptions include the fayalite rims on 
certain Allende chondrules [ l l ]  and a Semarkona type IA chondrule [12] that shows core-edge 
zoning in the mesostasis. Matsunami et al. [12] infer that the enrichments of Si, Na and Mn at 
the rim by factors of 1.1-6 are due to recondensation of volatiles during crystallization. 

Bulk compositions of type IA chondrules show positive correlations among the 
refractories, Ca, Al, and Ti, and among the volatile elements, Si, Fe, Na, K, Cr and Mn, but 
refractories and volatiles are not related [13 and this work]. Mean volatile abundances are 
depleted in type IA relative to type 11 by amounts which are qualitatively consistent with 
evaporation experiments [14] and equilibrium condensation calculations [15], suggesting that 
these elements have been lost during chondrule formation, though Fe is also lost by reduction. 
Hewins [lo] argued against volatile loss from type IA chondrules in part because some type IA 
chondrules had higher concentrations of Na than some type I1 chondrules. However this may 
result from recondensation of volatiles as most of the volatiles listed above are also enriched at 
the edge of the Matsunarni chondrule [12]. The absence of a volatile-refractory relationship in 
the bulk compositions of type IA chondrules could be due to an absence of a relationship 
between the duration or peak temperature of the heating event and the subsequent cooling rate. 
But some variation in the refractory abundances may be due to variability in the precursor grains. 

The Cr, Mn and Fe enrichments at the edges of many olivine phenocrysts in type IA 
chondrules [13] may also be due in part to recondensation during crystallization. Ca and Al, 
which are depleted in the mesostasis at the edge of the Matsunami chondrule [12], are also 
depleted at the edges of many olivines, contrary to fractional crystallization models. This may be 
due to dilution of Ca and A1 by recondensed material. 

Volatile-poor chondrite~ 
If type I chondrules experienced major loss of volatiles as a result of chondrule 

formation, as argued above, and the proportions of type I and type I1 chondrules vary 
significantly because of different nebular conditions or because of sorting processes [16], we 
should expect to find chondrites that are significantly depleted in volatiles as a result of 
chondrule formation. Such chondrites may be composed of type I porphyritic or type I barred 
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olivine chondrules that cooled rapidly and did not reacquire volatiles during any subsequent 
nebular processing. Bencubbin and Weatherford probably formed in this way and are not impact 
melts [6] but true chondrites [17]. 

Volatile-poor irons 
We do not know whether volatile siderophiles can be preferentially removed during 

chondrule formation. However, Cr and Si levels in metal in type I chondrules were modified 
during chondrule formation [18]. In addition, metallic and silicate "chondrules" in Bencubbin 
show large depletions of volatile siderophiles and lithophiles, respectively 161. Thus, the large 
depletions of volatile siderophiles in certain irons might be inherited from chondrites that 
experienced major loss of volatile siderophiles and lithophiles during chondrule formation. 

Most irons, like most chondrites show minor depletions of volatile siderophiles. But 
group IVB shows a lo4-fold depletion of Ge [19]. Mean abundances of volatile siderophiles in 
iron meteorite groups and abundances in ungrouped irons are correlated, and depletions relative 
to Ni and CI chondrites increase in the order Co, Au, P, As, Cu, Ga, Ge [20]. This sequence 
corresponds closely to the order of decreasing equilibrium condensation temperature in the 
nebula and the order of increasing depletion in chondrites [19,21]. An alternative explanation to 
nebula-wide heating [22] is that brief high-temperature, chondrule-forming events caused the 
volatile depletions in the precursor chondrites of certain irons. 

CAI-chondrule relationships 
Many CAI are believed to have formed by partial evaporation from silicate melts during 

brief nebular heating processes [23]. I suggest that certain chondrules also lost volatiles in the 
same way. Chemical, mineralogical and isotopic properties of CAIs and chondrules commonly 
show a small but significant overlap suggesting that their formation processes are not 
fundamentally dissimilar. For example, chondrules in Dhajala (H3) show Si mass fractionation 
effects analogous but much smaller than those in CAI and Allende chondrules [24]. The small 
Dhajala chondrules found to be enriched in heavy Si isotopes are probably largely type I 
chondrules that experienced a net evaporative loss of Si. 

CAI in Allende and other oxidized CV3 chondrites have been altered by the addition of 
Na and other alkalies, apparently by nebular condensation processes below -1000 K [23]. One 
C 0 3  chondrite has chondrules and CAI that appear to have suffered similar nebular alteration 
processes [25]. The absence of CAI alteration in many C 0 3  and CV3 chondrites suggests that 
nebula alteration was a local process. I suggest that nebular pressures may have been enhanced 
briefly as a result of evaporation from zones with high dust-gas ratios and that CAI and 
chondrule alteration processes were related. Evidence in CAI for multiple stages of alteration 
and melting [26] and in chondrules for several high temperature events [4] suggests that volatile 
abundances may have been controlled by multiple evaporation and recondensation events. 
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