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The aubrites, or enstatite achondrites, are a class of highly reduced, brecciated 
meteorites. They contain sulfur-bearing phases such as oldhamite (CaS), and alabandite 
((Mn,Fe)S). In order to better understand the origin of these minerals we have begun a 
detailed study of REE patterns in several sulfide phases from Pefia Blanca Spring. Ion 
microprobe sensitivity factors for the REE and several other trace elements in sulfides 
were determined by comparison of INAA data on a single oldhamite inclusion. The 
measured REE sensitivity factors for sulfides are significantly different than the 
corresponding factors for oxide minerals. In addition, Cr isotopes were measured in 
alabandite to determine the level of 5 3 ~ r  present from the decay of 5 3 ~ n .  An upper limit 
on ( 5 3 ~ 5 5 M n ) o  in this inclusion of -3X loa was determined. 

REE concentrations for an 
oldhamite grain recovered from a sample of Normalized Sensitvity Factors 

disagregated Pefia Blanca Spring were Rgue 1 

previously measured by INAA[l]. A 4.1 
mg CaS inclusion -2 rnrn on a side was 
used for ion probe analyses. This grain 
contained inclusions of alabandite, troilite 
(FeS), and caswellsilverite (NaCrS2). The 
average value of the REE concentrations 
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measured at 5 positions in the oldhamite 
were used to compute the sensitivity factors 
for the oldhamite. These factors are given La cw Pr ~d sm EU ~d ~b w HO G T~ ~b LU 
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- M +  IREE1 where M' and REE' FREE - z m  
are the ion signals of the reference and rare 
earth element. [MI and [REE] are the 
known concentrations in ppm of some form 
of the element, e.g. Ca or CaO and the 
REE. A plot of the sensitivity factors F, for 
oldhamite (sulfides) with respect to Ca, 
silicates with respect to CaO, and oxides 
with respect to CaO is shown normalized to 
FEU in Figure 1. The data shows that the 
sulfide sensitivity factors for the heavy REE 
are generally larger than those for silicates 
and oxides. In addition, Fc, is significantly 
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higher than Fc, in oxides. These sensitivity factors were renormalized for the appropriate 
major elements of alabandite, troilite, and caswellsilverite. 

A typical REE pattern measured in oldhamite is shown in Figure 2. In addition, 
REE patterns for alabandite, troilite, and caswellsilverite are plotted. The normalized 
REE abundance pattern in oldhamite essentially flat from La to Lu except for Eu which is 
underabundant. The REE's exhibit zoning in the oldhamite from edge-to-edge along two 
directions, as opposed to concentric zoning. The concentration of La varies from -50 to 
90 ppm across the inclusion, but the REE pattern remains approximately unchanged. 
Alabandite has a typical fractionated pattern favoring the heavy REE (e.g [2]). The 
overall abundance of REE is low in this mineral with the highest concentration at Lu of -7 
times chondritic. The REE abundances measured in one trolite grain (shown in Figure 2) 
are somewhat unusual. The pattern is V-shaped with a very low abundance of Sm (5  10 
ppb) and a high abundance of Tb relative to the trend defined by the heavy REE. A 
second troilite grain exhibited a "flatter" REE pattern (not shown) for the light REE yet 
with a similar increase in abundance from Dy to Lu. The caswellsilverite has a REE 
pattern similar to that of oldhamite but the absolute abundances are much lower. Calcium 
was monitored during the measurement to ensure that the magnitude of the contribution to 
the REE measured in the caswellsilverite from the surrounding oldhamite was negligible. 

The isotopic ratios of Cr were determines in several alabandite grains in this 
inclusion in an effort to quantrfy any contribution that may be present from the decay of 
53 Mn. Measurements were made at sufficient resolution to eliminate interferences from 
molecular ions. The interference from 5?i at the mass of 5 0 ~ r  was monitored and 

50 corrected for by measuring 4 9 ~ i .  The correction due to Ti was insigni6cant in the 
alabandite. The results give tjs3cr = 5.2 + 7.0%0 ( 2 0 4  with a MnlCr of -400. This puts 
and upper limit on the ( 5 3 ~ n ~ 5 5 ~ ) o  in this inclusion of - 3 ~  lo6. 

The sensitivity factors measured for sulfides are higher than the corresponding 
factors for oxides (determined from perovskite) by -40% for the heavy REE. This is 
enough to bring the measured abundances of the heavy REE up to the level of the light 
REE as discussed in by Lodders and Fegley [3] in some of the previously measured REE 
patterns from meteoritic oldhamite (e.g. [4]). In addition, this bring the data into better 
agreement with the condensation calculations presented in [3]. The REE patterns 
measured in the alabandite and troilite (shown in Figure 2) are puzzling. These minerals 
are expected to have formed during low-temperature exsolution from the oldhamite. If 
this were the case then the very low abundances of Sm in the troilite and of Eu in the 
alabandite are inconsistent with exsolution. Further measurements must be made in the 
oldhamite (Figure 2) around the troilite and alabandite to determine if exsolution is a 
reasonable origin for these minerals. The Cr isotopic composition is consistent with the 
range of measurements made on other meteorites [ 5 ] .  However, with the hint of a 5 3 ~ r  
excess at -1.50 we are prompted to revisit these alabandites from Peiia Blanca Spring. 
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LPSC XXEI, 565. K. Lodders was supported by NASA grant NAGW-2861, others by NASA grant 
NAGW-3297. Division contribution No. 5490(884) 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


