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The LEW86010 angrite bears a strong resemblance to the otherwise unique Angra dos Reis 
(ADOR). Both are composed dominantly of Ti-rich clinopyroxene (fassaite), with lesser olivine, 
kirschtenite (a Ca-rich variety of olivine, exsolved from the normal olivine), Ca-rich plagioclse, spinel, 
troilite, metal, and whitlockite [l-51. The two angrites are clearly distinct in several respects, however. 
Plagioclase is far more abundant in LEW86010 (-24 ~ 0 1 % )  than in ADOR (only a trace). LEW86010 is 
also coarser-grained, although its pyroxenes are more compositionally heterogeneous. Similar lithologies 
are known only as tiny clasts in polymict ureilites [6,7]. ADOR has the oldest PbiPb age and the most 
primitive initial 87~r186~r  of any achondrite [8]. 

We have analyzed a 190-mg chip (LEW86010,l I )  by INAA. Results are shown in the Table, and 
are normalized to CI chondrites in the Figure, which also shows literature averages for ADOR, and for 
one of the most compositionally angrite-like eucrites, Stannern (the most evolved eucrites show some 
superficial resemblances to LEW86010). The elements are sequenced in the Figure in order of solar- 
nebula volatility increasing to the right. An RNAA analysis for trace siderophile elements is in 
preparation. Kinship between LEW86010 and ADOR is confirmed by their FeIMn ratios: 93.5 in 
LEW86010, vs. 99.9 in ADOR [9,10]. Most achondrites have FeIMn between 30 and 45. The two 
brachinites (Brachina and ALH84025) have FeiMn = 79-99 [ 1 11, but the brachinites are not nearly as 
enriched in refractory elements (and depleted in volatile elements) as the angrites. The major-element 
composition of our sample is close to the composition inferred by modal and mineralchemical analysis, 
and used as a starting composition for experimental studies, by McKay et al. [4], albeit other inferred 
compositions [2,5] are less feldspathic and more magnesian. 

The texture of LEW86010 is clearly igneous, and shows some cumulate-like features [3]. However, 
the strong zoning of the pyroxenes implies a major component of "trapped" melt. The bulk major-element 
composition is close to that expected for a multiply-saturated melt [4]. The REE can be modeled fairly 
well by assuming a parent melt similar to that inferred for ADOR by Ma et al. [lo], with cumulus px, 
plag, and ol in the proportions observed by McKay et al. [4], appropriate D values [12], and only a small 
amount (-3 wt%) of trapped melt. However, the avg. Yb content of the pyroxene [ I ]  is only -0.2 x our 
bulk-rock value. The crystallmelt D for Yb is -0.45 for pyroxene [12], and < <0.1 for the other two 
major minerals (plag and ol), so if the rock were a nearly pure cumulate, the Yb content of the pyroxene 
should be at least comparable to the bulk-rock Yb concentration. Thus, it seems likely that for most trace 
elements, as with major elements [4], LEW86010 is similar to its parent melt. Our results indicate that 
the Eu anomaly is small or non-existent, consistent with mineral-chemical data [ I ] ,  and with the inferred 
ADOR-parent composition [lo]. Evidently, any melilite fractionation that preceded the genesis of the 
angrites involved strictly Mg-rich varieties, for which DEu is comparable to Ds, and DGd I 131. 

In many respects, the bulk composition of LEW86010 closely matches that of ADOR. The mg ratio 
is much lower in LEW86010, but the cores of its pyroxenes are similar in mg to the more uniform ADOR 
pyroxenes [2-41. One of the most distinctive features of ADOR, its high VICr ratio, is even more 
pronounced in LEW86010. On the whole, these results support the hypothesis (e.g., [5]) that the parent 
body was extraordinarily rich in refractory elements. However, the concentrations of several volatile 
elements (Zn, Se) are actually higher in LEW86010 than in typical eucrites. On the other hand, our Ga 
result is only 0.06 x a suspiciously high result reported for ADOR [9]. The Ir content of LEW86010, and 
especially its IrINi ratio, are remarkably high. The Ni depletion might be simply attributable to volatility, 
but similar IrINi ratios for ureilites have been attributed to fractionations between solid metal and molten, 
S-rich metal [14]. Considering the comparative abundance of angrite-like clasts among polymict ureilites 
[5,6], and the evidence that ureilites formed out of materials akin to the 160-rich refractory inclusions in 
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CV chondrites 11.51, some form of tenuous connection might exist between angrites and the "missing" 
basaltic component complementary to the uniformly ultramafic ureilites. In any case, the high Ir content 
of LEW86010 suggests that core formation was relatively inefficient on the angrite parent asteroid. 
Acquisition of data for additional trace siderophile elements will add important new constraints on the 
nature and history of that remarkable body. 
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A LEX86010,ll 

ADOR literatue avg. 

0 Stannern literature avg. - 

Na Mg A1 K Ca Sc Ti V Cr Mn Fe Co 
w g  mg/g mglg pglg mg/g pglg mg/g pglg mg/g mglg mglg pglg 

LEW86010,ll 0.227 43 75 350 132 55 9.4 194 0.90 1.68 157 25 
ADOR (lit. avg.) 0.27 63.5 52 34 169 51 17 172 1.89 0.64 72 11 

Ni Zn Ga Se Sr Zr Ba La Ce Nd Sm Bu 
pglg pglg pglg pglg pglg pglg pglg pglg pglg yglg pglg pglg 

LEW86010,ll 38 75 034 0.84 120 51 51 4.7 10.9 8.1 2.60 0.97 
ADOR (lit. avg.) 40 10 [6] 130 100 26 7.9 20.3 19.1 6.8 1.8 

I3 Yb Lu Hf Ta Ir Au Ih U Mg/(Mg+Fe) 
pgls pglg pug  pglg pglg nglg nglg pug pglg 

LEW86010,ll 4.4 2.61 0.38 1.87 0.29 8.7 6 0.40 0.15 0.386 
ALlOR (lit. avg.) 10 5.2 0.71 2.8 0.37 0.8 0.26 0.670 
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