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Introduction: Astronomical measurements of S abundances 

in the diffuse interstellar medium (ISM) indicate ionized S is the 
dominant species with little (< 5%) S residing in grains [e.g. 1].  
This is an enigmatic result, given that abundant Fe-sulfide grains 
are observed in dust around pre- and post-main sequence stars [2, 
3] and are major components of primitive meteoritic and 
cometary samples.  These disparate observations suggest that the 
lifetime of Fe-sulfides in the ISM is short because of destruction 
processes.  Our previous work has shown that FeS retains its 
crystallinity and does not amorphize during radiation processing, 
whereas enstatite and forsterite are readily amorphized [4, 5].  
Here, we have extended this study to measure the relative sputter-
ing rates of FeS compared to silicates.   

Experimental: We used a FEI Quanta 600 3D dual-beam fo-
cused ion beam (FIB) instrument to sputter sharp grain bounda-
ries between troilite and enstatite or forsterite in chondrules 
within polished sections of the Vigarano CV3 chondrite.  A 7x10 
μm rastered region extending across the grain boundary was sput-
tered at normal incidence using either 30kV, 7nA Ga+ for 1 min, 
or 5 kV, 1 nA, Ga+ for 7 min. For the 30kV experiments, we 
measured the depth of the sputtered pit directly in secondary elec-
tron images.  For the 5kV experiments, we extracted a FIB lift-
out section from two of the pits and measured the pit depth and 
microstructure in the transmission electron microscope (TEM). 

Results and Discussion: The 30kV experiments produced 
pits in troilite that were ~4X deeper than the adjacent pits in en-
statite or forsterite.  More precise measurements were obtained 
from TEM examination of the 5kV experiment FIB cross sec-
tions.  The FeS/enstatite pit depth ratios for the two FIB sections 
were 4.2 and 3.9.  The depth ratio variation is likely related to 
crystallographic orientation differences.  Irradiation of FeS with 
5kV Ga+ resulted in preferential sputtering of S and the formation 
of a 5-8 nm thick surface layer of nanophase Fe metal.  X-ray 
mapping shows that the zone of S sputtering extends to a depth of 
nearly 20 nm, but there is no evidence for FeS amorphization, 
consistent with our previous study [4].  

The dominant grain destruction mechanism in the ISM is 
sputtering from passage of supernova-generated shock waves [6].  
Our results indicate that FeS grains produced in evolved stars and 
injected into the ISM will be destroyed more rapidly than crystal-
line silicates.  Despite their expected shorter interstellar lifetime, 
circumstellar Fe-sulfides should be preserved in meteoritic mate-
rials, but are as yet, undetected.  Floss et al. [7] measured an 
abundance of presolar silicates in isotopically primitive inter-
planetary dust particles (IDPs) of 810 ppm.  Given the S/Si ratio 
of ~0.5 in the diffuse ISM [1] and a destruction rate 4X faster 
than silicates, we estimate an abundance of presolar sulfides of 
~100 ppm in isotopically primitive IDPs. 
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