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raditionally, chondrites are regarded as direct condensates from 
the solar nebula,.whereas achondrites are taken to be igneous 

differentiates, formed in the meteorite parent bodies from more primitive 
material. Wasson and Wai (1) have argued, however, that this simple picture 
may not apply to the enstatite achondrites (aubrites): they appear to form a 
continuous sequence with the enstatite chondrites, and hence may likewise be 
nebular condensates. 

It occurred to us that this hypothesis might be tested by comparing side- 
rophile and volatile trace elements in aubrites, E-chondrites, and diogenites 
(hypersthene achondrites). E-chondrites surely are nebular condensates, and 
hence should typify the nebular fractionation pattern, whereas diogenites just 
as surely are igneous differentiates, representing an igneous pattern (it 
should be fairly representative for aubrites, because orthopyroxene is the 
major mineral of both classes, and though some differences are expected owing 
to the more reduced state of aubrites, these can probably be allowed for). 

Data for E-chondrites were available from this laboratory (2),  along with 
unpublished analyses of the aubrites Bencubbin (3) and Khor Temiki (4) . 
We therefore measured 12 trace elements in 10 additional meteorites: the au- 
brites Aubres, Bishopville, Norton County, Pefia Blanca Spring, and Cumberland 
Falls, and the diogenites Garland, Johnstown, Roda, Shalka, and Tatahouine. 

The data were examined by factor analysis. The Pearson product moment 
correlation coefficient was taken as the measure of similarity for an R mode 
analysis, using a program by (5). Because the values were highly correlated, 
only principal factoring without iteration could be performed. The VARIMAX 
rotated factors are plotted in a ternary diagram (Fig. l), with negative 
loadings indicated by arrows. 

E-chondrites. The data 
fall into 3 clusters, each 
comprising a plausible F2 
grouping of elements. In 
the lower left are Ir and 
Os, joined more tentatively 
by Re. All are refractory 
siderophiles that tend to be 
enriched in early conden- 
sates, but Re, in group 7 of 
the Periodic Table, is known 
to fractionate somewhat from 
the Pt metals in group 8 
( 6 ) .  
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Five other elements plot near the middle: Pd, Ni, Au, Ge, and Sb. All 
are siderophiles of moderate volatility; the first 2 condense with Fe (7), 
and the last 3, at somewhat lower temperatures. They are probably contained 
in nickel-iron. The last grouping consists of Se, Te, and more tentatively, 
T1; it probably represents a sulfide phase. 

Diogenites. No fewer than.7 elements form a single cluster: Os, Ir, Re, 
Au, Ge, Bi, and T1; an eighth, Ni, is a more marginal member of the same 
cluster. These elements differ enormously in nebular condensation tempera- 
ture, from 1800°K (Re, Os, Ir) to -450K (Bi, Tl), but all are siderophile, 
and hence apparently entered the metal phase during differentiation of the 
diogenite parent body. The abundances relative to C1 chondrites range from 

for Johnstown to -10-4-10-5 for Shalka and Tatahouine. The latter 
values may approach the true distribution coefficients, whereas the former 
presumably represent mechanically retained metal. 

It is interesting that Bi and T1 belong to this component, despite their 
volatility. Apparently the system was closed to volatiles during differen- 
tiation of the diogenite parent body. The remaining 3 elements (Se, Te, and 
Sb) go their separate ways. Se presumably is associated with troilite. 

Aubrites. The data show extreme dispersal: 7 groupings for 13 elements. 
The only cluster that correlates with volatility is Ir, 0s (Re); the remaining 
4 doublets (Pd-Ge, Au-Se, Bi-Sb, Te-Ni) all seem rather incongruous. 

Though the aubrites evidently match neither of the other two classes, we 
are prepared to argue that the data preclude an igneous origin, and thus favor 
a nebular origin by default. The igneous signature exemplified by the dio- 
genites must be nearly universal: all reducible elements should gather into 
a single, nickel-iron phase, and the more reduced state of the aubrites can 
only raise the number of elements entering this phase (e.g. Te, Sb). Thus 
the mismatch of aubrites and dlogenites is highly significant, and suggests 
that aubrites did not lose their metal in an igneous process. A nebular 
process remains as the sole alternative. 

If the aubrites lost their metal in a nebular process, then it is dis- 
appoint'ing that they do not match the E-chondrite pattern. However, we must 
bear in mind that the range of fractionations in E-chondrites is much smaller: 
only -3x for most elements (except Bi, Te, T1) vs >100x for aubrites. Thus 
even if the frac- 0.3 0.5 1 3 '1r /A"  
tionation processes 
were the same for 
both meteorite 
classes, the much 

greater aubrites range makes for it 

@ likely that elements 
which are coherent 
in E-chondrites will 

C 1 

separate in au- 
brites. Perhaps a 
still intricate but 
more orderly pattern 
will emerge when 
more elements are 
measured in more au- V v 

brites. 
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Aubrites and Siderophiles in the Lunar Highlands. It is instructive to 
plot aubrites on the ternary AuReIr diagram that we use for classifying 
ancient meteoritic components (Fig. 2). 

The aubrites lie on a trend line joining E4 and E6 chondrites to the Au 
corner - another example of the continuous fractionation sequence postulated 
by Wasson and Wai ( 1 ) .  It seems that the depletion of refractories (Ir, Au) 
for normal siderophiles (Au), as traced out by the E6-E4 trend, was still more 
extreme for the aubrites. 

This is interesting in view of claims by ~inke e t  a l .  (8) that the low 
Ir/Au ratios in lunar highland breccias (down to 0.3, relative to C1 chon- 
drites), cannot be due to meteoritic projectiles, because nebular fraction- 
ations, as illustrated by E-chondrites (Fig. 2), go only to Ir/Au -0.4. 
But the 6 aubrites in Fig. 2 all have much lower Ir/Au ratios: 0.005, 0.012, 
0.027, 0.062, 0.12 and 0.14. Apparently nebular fractionations do extend 
well beyond the Ir/Au range of lunar highland breccias, and for this reason 
and others ( 9 )  it seems unnecessary to invoke volatilization of indigenous 
Au (8) to explain the low ratios in the highlands. Nor can the low ratios in 
aubrites be blamed on such volatilization, because the Au/Ni ratios in most 
aubrites are within 15% of the cosmic value, and Ni surely is less volatile 
than Au. 
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