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Introduction. The Pesyanoe enstatite 
achondrite, or aubrite consists of nearly iron -
free enstatite (1) with minor forsterite, 
diopside, plagioclase, troilite, and metal and 
number of rare trace minerals that reflex the 
highly reducing conditions under which this 
meteorite formed (2). Pesyanoe is coarse-
grained breccia with angular fragments set in 
a matrix with the same minerals as the larger 
fragments. 

The origin of the aubrites has been debated, 
with some authors (3,4) proposing their 
formation as nebular condensates, while other 
(2,5) favor igneous processing on an aubrite 
parent body. The latter hypothesis is presently 
proffered for the following reasons: enstatite 
crystals are large and relict igneous textures 
have been found despite the brecciation the 
aubrites experienced (6). 

Rare earth element (REE) patterns (in 
particular Eu anomalies) have been 
interpreted as suggestive of an igneous origin 
(5,7).Most aubrites have negative Eu 
anomalies. Whole-rock REE patterns, with 
negative Eu anomalies have been used as one 
of the major arguments in favor of on igneous 
origin for aubrites (2,5). 
Samples and method. In the present paper 

the results of elemental abundances in 
separated grain-sized fractions, "matrix" from 
Pesyanoe aubrite are reported. The fractions 
were selected by handpicking under 
microscope and by particle-size analysis. 
Their elemental composition was determined 
by INNA. The table shows the average 
element enrichment factors relative to Cl 
chondrites (8). 
Results and discussion. REE measurements 

in Pesyanoe aubrite show that the 5 fractions 
have negative, and 5 fractions have positive 
Eu anomalies. All fractions with negative and 
positive Eu anomalies are deficient in light 
REE (or 1 x Cl). Neither the Eu anomaly nor 
the light REE depletion can readily explained 
by nebular condensation, at least in a solar 
gas (9). Instead, both are strongly 
suggestive of igneous processes: 

plagioclase removal and partitioning of REE 
between a basaltic melt and residual enstatite 
(2). It is noteworthily that, if this is supported 
by modal composition of aubrites, the fractions 
from Pesyanoe with a positive Eu anomaly has 
~3% modal plagioclase, whereas other 
fractions have much smaller amounts 
plagioclase. Pesyanoe has negative or positive 
Eu anomalies, suggesting loss or gain of 
plagioclase by igneous processes. However, the 
study of Bishopville and Bustee aubrites show 
that positive and negative Eu anomalies in 
whole-rock REE patterns are not necessarily 
associated with plagioclase, because REE 
patterns for oldhamite, the major REE carrier, 
display both positive and negative anomalies. 
The low abundance of volatile Cs in 
oldhamite (10) is compatible with a relict 
origin for CaS. If it is indeed a relict mineral, 
then whole- rock REE data cannot provide ; 
information on the igneous evolution of these 
meteorites. 

The refractory siderophile element Ir 
(0.001- 0.02xCl) are distinctly more depleted 
in all fractions than "normal" siderophiles Ni 
( 0.006 - 0.07 x Cl) and Au ( 0.01 -0.2 x Cl). 
A similar trend is show by eucrites (11) as 
well as lunar dunite, mare basalts, and pristine 
highland rock (12,13). This trend parallels 
the nobility of the metals, and therefore has 
been attributed to equilibrium distribution 
between metal and silicate, less noble metals 
being less completely extracted from silicate. 
Inasmuch as the Pesyanoe aubrite also shows 
this trend, it appears that the aubrite pattern is 
at least consistent with an igneous origin. 

Conclusions. From observed differences 
of compositions of grain-sized fractions from 
Pesyanoe it follows that our trace element 
data accord with this idea that aubrites reflect 
melting processes within or on the surface on 
the parent body rather than nebular processes. 
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Table. The average element enrichment factors of mineral fractions of Pesyanoe aubrite. 
 
 
    matrix 1 < d < 45 µm 45 < d < 71 µm 71<d< 100 µm 100<d<160µm 

 1 2 1 2 1 2 1 2 1 2 
   Na   1.2 1.3 1.3 1.5 0.7 1.2 0.9 1.0 0.4 0.8 
   Ca    1.1 1.2 1.6 1.9 1.3 1.9 0.9 1.3 1.1 1.9 
   Sc   1.6 1.7 1.7 1.6 1.8 1.8 1.5 1.7 1.8 1.6 
   Cr   0.3 0.4 0.6 0.4 0.6 0.3 0.3 0.3 0.2 0.3 
   Fe   0.05 0.05 0.08 0.06 0.08 0.05 0.04 0.05 0.05 0.05 
   Ni <0.006 0.02 0.07 0.03 0.07 0.008 0.04 <0.003 0.05 0.01 
   Co   0.007 0.006 0.03 0.02 0.03 0.009 0.02 0.02 0.03 0.01 
   Zn   0.5 <0.003 0.1 0.01 <0.009 0.2 <0.02 <0.002 <0/02 0.08 
   La   1.8 2.7 1.0 1.2 0.8 1.0 0.06 0.7 0.6 1.3 
   Sm   1.9 2.5 1.0 1.5 0.9 1.2 0.9 1.1 0.6 1.4 
   Eu   3.9 2.7 0.8 2.6 0.5 1.0 1.3 1.2 0.5 0.3 
   Yb   2.0 3.4 1.9 3.0 2.2 1.7 0.9 2.3 0.9 2.1 
   Lu   2.3 3.2 1.5 3.3 2.1 1.9 0.4 2.4 0.8 2.3 
   Au   0.04 0.02 0.2 0.07 0.2 0.04 0.01 0.03 0.1 0.06 
   Ir   0.002 0.001 0.02 0.01 0.01 0.002 0.002 0.002 0.01 0.01 

 
1 – Pesyanoe 217 (aubrite), 2 – Pesyanoe 217A. 
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