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The fractionation of metal relative to other components in the solar nebula and during planetary 
formation was critical to establishing the bulk composition of meteorite and planetary materials. The 
data for chondrite groups indicate at least two well characterized fractionations, one affecting the 
"common" siderophile elements (e.g. Co, Ni, Fe), and the other affecting the refractory siderophile 
elements. The primary fractionation involved fractionation of Fe, Ni, and Co bearing metal, relative to 
silicates containing a small residual amount of Fe [I]. The published data on new chondrite groups are 
consistent with this hypothesis. The secondary fractionation involved the fractionation of a phase 
(fremdlinge) bearing the refractory siderophile elements (e.g. Ir, Os, Re), resulting in variable 
refractory/common siderophile element ratios (e.g. Ir/Ni) in chondrites. The Fe abundance of most of 
the chondrite groups can be explained by removal of metal from a precursor, but the discovery of the 
metal-rich CH chondrites, and Bencubbinites (Bencubbin and Weatherford) indicate metal addition in 
some cases. Several lines of evidence suggest that most of the fractionation occurred prior to the 
chondrule formation event, although aerodynamic sorting of metal particles and silicate chondrules 
have been discovered in some chondrites. Evidence of aerodynamic sorting prior to the chondrule 
formation event was probably destroyed in the chondrule formation process, and the possibility of 
magnetic sorting events has not been investigated. Even more uncertain is the timing of the metal- 
silicate fractionation relative to the earlier CAI (Calcium-Aluminum-rich Inclusion) formation process. 
The refractory siderophile elements had the most potential for fractionation during this process. 
Understanding the nebular fractionations will allow us to better constrain the initial abundances of 
siderophile elements in planets, and to asses the importance of other processes, such as giant impacts, 
for explaining the large range of metal contents in the terrestrial planets and satellites. 

The evidence for the primary metal-silicate fractionation is the correlation of Fe with the 
"common" siderophiles (Co, and Ni). The non-zero intercept, however, indicates that some Fe was 
present in other phases besides metal, perhaps as an oxide or sulfide not accompanied by Co and Ni. 
This was discussed at length by Larimer and Anders [I], for chondrites that had been well studied at 
that time. Recent published data on a number of new chondrite groups (CH, CR, CK, K, and R) are 
plotted in Fig. 1, and show that the early interpretation is still valid. Even the exclusion of the metal 
rich CH group leaves a non-zero intercept. The original work [I]  gave an FeMg ratio in the residual 
silicates of 0.14, while the new data (excluding CH) give a value of 0.18. Normalization of data to 
other refractory elements, or just plotting Fe versus Ni, produces similar results. Normalization to Si 
gives the least residual Fe, but there are no Si data for the new chondrite groups, and Larimer and 
Anders [ I ]  also excluded Si because of the strong compositional control on the Fe/Si ratio. 

The two physical processes which have been proposed to explain metal-silicate fractionation in 
the nebula are magnetic or aerodynamic sorting. Recently convincing evidence has been reported for 
some chondrites (types CR, and possibly Bencubbinites) indicating a correlation between mass and 
aerodynamic cross section [2]. Drift of solid components relative to gas can occur at all stages of solar 
nebula development [3]. Fluidized bed processes can occur at the bow region and outer edge of the 
Jupiter gap in the solar nebula. Fluidization at planetesimal surfaces are also possible, but very 
speculative [4]. The possibility of magnetic sorting, although suggested a long time ago [I], remains to 
be thoroughly considered. Evidence has been shown for the existence of magnetic fields in the nebula 
which magnetized chondrules [5]. 

Several lines of evidence constrain metal-silicate fractionation relative to the chondrule 
formation process. Fractionation of refractory siderophiles relative to common siderophiles apparently 
occurred prior to the chondrule formation process, because the Ir/Ni ratio of chondrules is similar to the 
bulk chondrite values in some chondrite groups. The depletion patterns of volatile siderophile elements 
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are identical to the depletion patterns for volatile lithophile elements, suggesting the metal and silicate 
experienced similar heating events. The chondrites fall on the same primary metal-silicate 
fractionation trend (Fig. I), but many groups experienced subsequent oxidation and reduction 
processes. An alternative interpretation of these lines of evidence is that metal-silicate fractionation 
after the chondrule formation process only occurred on a local scale, such that material with different 
thermal and redox histories were not mixed. 

The bulk composition of most chondrites can be derived from a CI composition in part by 
either gain of silicates or loss of metal [6]. The recognition of the metal-rich chondrite groups indicates 
that some chondrite groups have experienced addition of metal. This result could bear on the question 
of the Fe content of the planets, especially Mercury. Theoretical studies indicate that giant impacts are 
a viable mechanism for producing the large variations in Fe abundance in some planets, however, 
nebular processes require additional study. Cameron [3] has emphasized the large scale drift of 
material in the solar nebula, and such processes could have led to large differences in the metal 
contents at different heliocentric distances. 
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Fe abundance normalized to CI and Mg 

Fig. 1. Non-zero intercept at Ni = 0, indicates residual Fe was present in silicates during metal-silicate 
fractionation. The published data for the new chondrite groups are consistent with early results of [I]. 
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