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Many low-FeO chondrules have metal and/or FeS deposits 

on their surfaces.  Those on CR chondrules tend to form ellipsoi-
dal globules and are commonly free of FeS.  We estimate that 
about 40% of low-FeO CR chondrules have such metal on their 
surfaces.  In other chondrite groups the fraction of metal-clad 
low-FeO chondrules is much smaller. For example, in CO3.0 
chondrites the estimated abundance is <20%. 

In a typical CR thin section the metal is distributed as 20 to 
100-μm globules around the periphery of the chondrules.  Com-
monly some similarly sized metal globules are also found in the 
interior, but the volumetric fraction is much smaller relative to 
that of surficial metal.  Because of the paucity of FeS, we can 
infer that the nebular temperature was >700 K when the CR 
metal-clad chondrules formed and that the peak temperature 
reached during the flash-melting event was higher than the melt-
ing point of FeS-free metal, ~1750 K. 

Various origins have been proposed for the concentration of 
metal on chondrule surfaces. Wood [1] suggested that these tex-
tures were the result of surface tension effects during the forma-
tion of chondrules by condensation from a hot, high-pressure so-
lar nebula.  Although there are strong arguments against forma-
tion of chondrules by condensation, we agree that surface and 
interface tension are responsible for the metal distribution. 

Grossman and Wasson [2] suggested that centrifugal forces 
were responsible for the denser metal migrating to surfaces. Be-
cause most CR chondrules show isotropic rather than equatorial 
distributions of metal globules, centrifugal forces have played at 
most a minor role.  Uesugi et al. [3] inferred that interface ten-
sion would in chondrule interiors would produce forces that 
would cause metal droplets to migrate rapidly to the chondrule 
surface and be ejected. They hypothesized that this might be the 
main reason that most chondrules are depleted in metal. 

Consideration of surface and interface tension offers a rather 
simple scenario for producing the observed metal distribution.  
We assume a fully molten chondrule but a small fraction of sili-
cate clasts should have relatively little effect on the scenario.   

The obvious explanation for the isotopic distribution is that, 
when temperatures were high, the interface tension between mol-
ten metal and silicate was low and that the metal wet the surface 
of the silicates and formed a film. Presumably, the metal is on the 
exterior because its surface tension relative to the vacuum of 
space was appreciably smaller than that of the molten silicates. 

We must then explain why the metal is now present as glob-
ules.  We suggest that, with cooling, the interface tension became 
larger than the surface tension and that the metal balled up to 
minimize surface forces under the changed conditions. 

Most (>90%) CR chondrules are low-FeO, contain no FeS 
and have anorthitic plagioclase; thus, high temperatures were 
involved in their formation.  We suggest that such high-
temperature conditions favored the formation of metal-clad 
chondrules.  Despite the requirements of high temperatures, the 
CR chondrules experienced multiple melting events.  Compound 
chondrules are common and many chondrules have thick, convo-
luted rims [4]. 
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