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THE FIRST METEORITIC SILVER MINERALS IN PE<A BLANCA SPRINGS ENSTATITE 
ACHOND ITE: ASSEMBLAGES, c MPOSITIONS AND SILVER ISOTOPES; Y. T. Linl, A. EI S Gores? and I. D. Hutcheon . (1) Max-Planck-Institut far Kernphysik, 
Saupfercheckweg 1, 6900 Heidelberg 1, FRG; (2) Lunatic Asylum, Div. Geol. & 
Planet. Sci. 170-025, CALTECH, Pasadena, CA 91125 USA. 

We report the discovery of the first meteoritic silver minerals in the 
Pefia Blanca Springs enstatite achondrite. The bulk Ag content of aubrites 
span a wide range (0.74 ppb in Bencubbin to 86.5 ppb in Peiia Blanca Springs 
and 88.9 ppb in Bustee) [I]. The opaque minerals in Peiia Blanca Springs are 
troilite, kamacite, oldhamite, ferroan alabandite (51.7 % Mn, 10.9% Fe, 0.47% 
Mg, 36.3% S), daubreelite (34.5% Cr, 1.12% Mn, 17.7% Fe, 43.1% S), djer- 
fisherite, Na-Cr sulfides, and at least two new Ag- Cr sulfides. In few 
cases, the sulfides and kamacite occur as multiphase assemblages enclosed in 
large crystals (- 1 mm) of oldhamite. The new silver minerals are present 
either as individual grains in the complex sulfides assemblages, or as ori- 
ented lamellae in alabandite, daubreelite, and Na-Cr sulfides (Fig. 1). In 
reflected light, the new Ag minerals resemble daubreelite and can be misiden- 
tified for the latter. Due to this similarity, we suspect that they may have 
been misidentified as daubreelite and hence were also overlooked in other 
meteorites. The minerals exhibit a blueish white reflectance color and are 
slightly brighter than daubreelite. Bi-reflectance, pleochroism, and 
anisotropic effects could not be determined with certainty because of the 
small grain size. In SEM with BSE detector, the Ag sulfides are easy to rec- 
ognize due to their high brightness (Figs. 1 & 2). The minerals are usually 
very small and never exceed 10 pm in grain size. Numerous electron microprobe 
analyses were conducted on many grains. The major phase (# 2, Fig. 2) is 
AgCrS2 (47.3% Ag, 22.9% Cr, 27.8% S, totals: 98.0). This mineral is usually 
very pure and maintains constant stochiometry. The second phase (#I, Fig. 2) 
is a compound with the formula AgCr S (31.3% Ag, 30.1% Cr, 0.43% Fe, 0.17% 

2.4 Na, 36.5% S, totals : 98.5). Other sllver sulfides are probably also present. 
However, their compositions could not be ascertained due to the extreme small 
grain size (< 2 pm) and contamination due to beam overlap on the neighbouring 
minerals. Variable Ag concentrations were also found in few grains of alaban- 
dite (e.g. 47.8% Mn, 8.75% Fe, 10.4% Ag, 0.77% Mg, 32.95 S) and daubreelite 
(36.5% Cr,, 0.43% Mn, 15.5% Fe, 0.75% Ag, 43.2% S). 

Silver Isoto~es: In order to further investigate the origin of the silver 
minerals, the Ag isotopic composition of three individual AgCrS2 grains was 
measured with the PANURGE ion microprobe using techniques similar to those 
,developed for analyses of opaque assemblages in CAIs [2]. A 1 nA 0- primary 
beam was rastered over a 20x20 pm area and an aperture selected A$ ions from 
a central 8 pm region; a mass resolving power of - 3800 eliminated molecular 
i rference. The Ag is a are summarized in Fig. 3, expressed as 

I &'&'Ag relative P68~~/P'SAg ratio measured in the terrestrial Ag- sul- 
fide standard ( 168Aiy'07Ag = 0.9066 k 9). The data show no evidence for iso- 
topically anomalous Ag in Pefia Blanca Springs. The Ag isotope composition of 
individual AgCrS rains is normal within 0.5% (k 20) and with the assumption 

2 g th the three grams are in isotopic equilibrium, the data define an average 
&'''Ag = 00.k 2.2% . The results strongly suggest that Ag in Peiia Blanca 
Springs does not have an exotic source and is derived from a normal solar 
reservoir. Due to the very low bulk Pd/Ag atio in Peiia Blancalgqrings 
(< 120b [I], the abundance of radiogenic 167Ag* from decay of Pd ( r  - 
scale of formation can be drawn from the Ag isotope data. 

A/ 6.5~10 y) would be far below detection limits and no conclusions on t e time 
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Conclusions: The petrographic observations and the Ag isotopic composi- 
tion of the new Ag sulfides in Pefia Blanca Springs suggest that the minerals 
formed during the differentiation of the enstatite achondrite parent body. 
Specifically the presence of oriented Ag sulfide lamellae in daubreelite sug- 
gests that the Ag-sulfides formed by exsolution from daubreelite below 650' C 
[ 3 ] .  This scenario is in agreement with the conclusions of [I], who argued 
for an igneous origin for the aubrites on the basis of strong interelement 
correlations of non-volatile with volatile siderophiles and with incompati- 
bles. The high abundances of Ag, Rb, and Cs in Pefia Blanca Springs suggest 
that the parent material contained nearly chondritic levels of volatile ele- 
ments and had not experienced significant loss of volatiles due to nebular 
processes. The fundamental question of the paragenesis of the silver sulfide 
phases in enstatite achondrites requires additional study and a further 
search for Ag minerals in other achondrites with high Ag abundance (e.g. 
Bustee) . 
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Figure 3. Ag isotope composition of 
AgCrS2 in -a Blanca Springs; data 
showfOy 6 '"~g (permil) relative to 
the A~/'''A~ ratio in terrestrial 
Ag-sulfide. The vertical dashed lines 
represent two standard deviations of 
the mean for analyses of the Ag-sul- 
fide standard; data from Pefia Blanca 
Springs AgCrS2 are shown as filled 
circles with associated 20 errors. 
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