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PETROLOGICAL STUDIES AND BULK CHEMICAL ANALYSES OF EIGHT 
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and 'institute of Geochemistry, University of Vienna, Dr. -Karl-Lueger-Ring 1, A- 101 0 
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INTRODUCTION. As a contribution to the discussion about the origin of the aubriies we studied 8 Antarctic 
aubrites using microprobe and INAA techniques. In addition, we want to provide bulk compositional data 
for aubrites, which are relatively sparse. We analyzed two samples from the Lewis Cliff (LEW-84007, LEW- 
87294) and six from Allan Hills (ALH-84007, ALH-84009, ALH-84015, ALH-84018, ALH-84020, ALH-84022). 
PETROGRAPHY AND MINERALOGY. Wih the exception of ALH-84022, all samples are brecciated and 
consist of angular enstatite crystals of up to 1 cm in size set in a matrix of fine-grained or crushed enstatites. 
Enstatites are essentially pure endmembers with minor amounts of CaO (ranging from 0.02 to 0.40 wt%) 
and MnO abundances of up to 0.18 wt%. Under electron bombardment enstatites with higher MnO contents 
show intense red cathodoluminescence and those with MnO of <0.02wt%. intense blue luminescence similar 
to that described by [ I ] .  Ferroan alabandite, troilite, and daubreelite are the most abundant sulfides, with 
compositions similar to those observed in other aubrites [2]. Fe,Ni-metal occurs as kamacite containing low 
Si, 0.12-0.20 wt%, and average Ni ~ 5 . 0  wt%. Taenite is very rare; the sample ALH-84007 is an exception with 
coexisting kamacite and taenite [3]. Profiles across kamacite-taenite show typical M-shaped Ni gradients in 
taenite with 47 wt% Ni in the rim and 32 wt% in the core. ALH-84022 is almost unbrecciated consisting 
mainly of large diopside crystals ( E ~ = W O ~ ~ )  of up to 1.2 cm in size with exsolution lamellae, blebs of blue 
enstatite, and abundant idiomorphic melt inclusions of up to 0.03 mm. All melt inclusions are similar to each 
other in chemistry, with an average composition (wt%) of: 79.0 SiO,, 13.2 Al 03, 2.0 Na20 and 6.3 K20. 
Daubreelite (FeCr2S,) is more abundant than in any other aubrites in this st&. Coarse-grained kamacite 
of up to 0.6mm In size, with low Si (<0.20 wt%), is enclosed by diopside. LEW-87294 consists of an 
extremely brecciated black clast, about 0.5 cm wide, set between two white clasts. In the black clast, small 
angular blue and red enstatite, plagioclase (At+1.8An4,80r3,4), roedderiie (Na,K)2Mg,Si120w and diopside 
(En=Wo& crystals are embedded in a very fine-gra~ned matrix composed ma~nly of a mixture of micron 
to submicron-sized crystals of enstatite, plagioclase, roedderite, oldhamite, troilite, kamacite, taenite and 
traces of osbornite. The troilite is Ti-bearing (up to 8.2 wt% Ti), while the taenite contains 26.5 wt% Ni and 
0.14 wt% Si. One kamacite grain with 2.5 wt% Si, 7.5 wt% Ni, and 0.4 wt% P was found in the transition zone 
between the black and white clasts. The white clasts have practically the same composition as the black 
clast, but minerals are coarser grained and are embedded in a fine grained matrix typical of aubrites. 
Weathered oldhamite and roedderite are unusually abundant in this sample. 
BULK CHEMISTRY. Bulk chemical data for aubrites are sparse [2,4], therefore we prepared sample 
powders from at least 1 g of each meteorite for bulk analysis. Major elements were analyzed by DCP plasma 
spectrometry and INAA, and trace elements by INAA (Table 1). The C1-normalized abundances are shown 
in Fig. la,b. It is obvious that while the major constituents Si and Mg are relatively constant in all samples, 
other major and trace element abundances vary over about one order of magnitude. We did not observe 
as wide a variation as Wdf et al. [4] in 11 non-Antarctic aubrites. The C1 -normalized REE abundances are 
shown in Fig. 2a,b. With exception of ALH-84018 and LEW-87294, all samples have flat patterns at about 
0.3 - 0.7 x C1, with negative Eu anomalies. This observation is in agreement with Wolf et al. [4] who analyzed 
REEs in 7 aubrites, with 5 of them showing negative Eu anomalies. ALH-84018 is depleted in REE compared 
to the other samples, and shows no Eu anomaly, which has not been observed before for aubrites. LEW- 
87294 has a positive Eu anomaly, and a positive Ce anomaly. The positive Eu anomaly in the LEW-87294 
is probably due to plagioclase and maybe oldhamite (which can show REE patterns with positive and 
negative Eu anomalies [5]). The positive Ce anomaly is attributed to Antarctic weathering. 
DISCUSSION. Although most of our samples are similar to each other, some exceptions are present. ALH- 
84022 is an unusual 'diopsidic' aubriie. Small diopside crystals with enstatite exsolution lamellae are known 
from Norton County [6], but not from other aubrites. Roedderite, previously not described in aubrites (but 
common in EH enstatite chondrites) has been found in LEW-87294. The identical mineralogical composition 
of the black clast and white clasts in LEW-87294 argues against the theory that dark clasts could be the 
complementary igneous rocks of the aubrites [4]. The P enrichment in kamacite indicates severe reheating 
and partial melting of metal-troilite [7]. Schwarz et al. [8] studied mineral separates of several aubrites, 
including ALH-84007, and found low REE abundances with positive Eu anomalies mainly in white separates. 
These separates are obviously of little importance for the bulk compositions which are dominated by 
negative Eu anomalies. A main conclusion from the REE abundances is the total absence of any indication 
for direct condensation. The REE patterns (and other elemental abundances) support an igneous origin. 
Although we cannot make any firm conclusions about pairing of samples, it appears possible (from 
mineralogy and chemistry) that some of the samples (e.g., ALH-84009, 84015, and 84020) may be paired. 
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Fia. 1 a.b: C1 (Orgueil) normalized abundances in 6 of the 8 Antarctic aubrites studied in the course of 
this work; (a) major element abundances, (b) trace element abundances. 
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F19. 2 a,b: C1-normalized REE abundance patterns for all 8 Antarctic aubrites studied in the course of this mrk; note the positive Eu 
anomaly for sample LEW-87294, and the flat pattern for sample ALHA-84022. 

Table 1. Average, standard deviatr'on, and range of major and trace element composition of 8 Antarctic aubrites. Major elements 
determined by DCP and INAA, in wi.%, minor and trace elements determined by INAA, in ppm, except as noted. 
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