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IRON-NICKEL SULFIDES IN INTERPLANETARY DUST; L.S. Schramm and 
D.E. Brownlee, Dept . of Astronomy, University of Washington, Seattle, WA 98195 

Iron-nickel sulfides are an important component of the 1-20pm size range of 
interplanetary dust particles. Particles dominated by iron-nickel sulfides FSNs) comprise 
approximately one-third of the extraterrestrial particles collected in t I e stratosphere. 
However, the actual FSN fraction of the 1-20pm sized meteoroids in space is probably much 
lower. The collection of FSN particles overrepresents the actual population in space because 
of atmospheric entry processes. More than 50% of the FSNs are fusion spheres produced by 
heating during atmospheric entry. We believe that most of these spheres are spray droplets 
from larger meteoroids rather than from melting of individual FSN micrometeorites for a 
number of reasons. One is that their abundance is highly disproportionate compared to  
chondritic spheres in the same size range; less than 10% of the chondritic IDPs smaller 
than 10pm in size are fusion spheres while most of the FSN particles of this size range are 
meteoroid fusion spheres. In addition, SEM-EDX analysis of sectioned FSN particles shows 
that unmelted FSN particles contain abundant silicate inclusions and surface material while 
FSN spheres do not. The melted FSN spheres have varying amounts of sulfur, probably 
due to various degrees of atmospheric heating and corresponding vaporization of sulfur. An 
interesting note is that FSN spheres have not been found in the Antarctica or deep sea 
collections of larger sized (50pm to lmm) meteoritic spherllles, although FeNi spheres are 
quite common. This may be an artifact of the severe heating experienced by these larger 
particles and subsequent volatile loss, or sulfide grains larger than 50pm may be exceedingly 
rare in the IDP parent bodies. 

In order to investigate the mineralogy of the ucmelted FSN particles, eight were mounted 
in epoxy, bisected, polished and analyzed with SEM-EDX. The polished sections reveal 
that the iron-nickel sulfides are often rich with inclusions, commonly have bonded and 
embayed contacts with silicates, and contain varying amounts of loosely adhering chondritic 
surface material. Inclusions and embayed minerals consist of Na,Al,Si-rich material (albite?), 
Ca,Si,Mg-rich material (diopside?), olivine, Mg-rich pyroxene (probably enstatite), and 
sphalerite. In two of the sectioned particles, grains high in chromium (probably chromite) 
were attached to the surface of the iron-nickel sulfide. The iron-nickel sulfide composition 
has been measured for several points in each of the eight sectioned FSN particles. The 
compositions are consistent with the mineral pyrrhotite having a mean sulfur content of 38.7 
wt% and Ni content averaging 1.8 wt%. For comparison, CI pyrrhotite averages 39.4 wt% S 
with Ni content which varies from 0.7 to 1.3 wt% (1). 

We have used the composition of sulfide-dominated particles along with the previously 
analyzed chondritic and silicate-dominated particles t o  estimate the bulk composition of the 
IDP parent bodies. The size distribution of FSNs I S  quite steep, and we are satisfied that 
most of the sulfide mass in the IDP parent bodies occurs in grains less than 20pm. Table 
1 shows the average bulk element/Si ratios for major elements (except carbon and oxygen) 
of 15 unmelted FSN particles which were analyzed by SEM-EDX as previously described 
(2). These FSN particles average 9pm in size. Also shown is the mean bulk composition of 
200 chondritic IDPs averaging 11pm in size (2), and a calculated composition for all IDPs 
based on a proportion of 88% chondritic and 12% FSN. Shown for comparison is the mean 
CI chondrite corrlposition ( 3 )  which is the meteorite composition closest to the chondritic 
IDPs (2).  The calculated bulk composition is enriched compared to CI composition for S, 
Fe and Ni, relative to  Si The S/Si ratio is significantly higher than in all chondrite classes. 
The high Na and A1 abundances of the FSN particles is likely due to  the albitic inclusions 
found in manj  of the iron-nickel sulfides. The high Zn/Si ratio is undoubtedly due to the 
presence of sphalerite. Chromium abundance is also high in the FSN particles relative to  
the chondritic particles. 

A second level of effort in determining parent body composition of IDPs would be to  
split the FSN particles into appropriate fractions to combine with the two major classes 
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of chondritic IDPs, chondritic smooth (CS) and chondritic porous (CP). This might be 
accomplished by classifying them according to composition and morphology of adhering 
chondritic surface material. An interesting note is that the CPs show a weak correlation 
between Cr and Fe,S,Ni whereas the CS particles show no correlation. Perhaps this is due 
to an association of chromite and pyrrhotite in CPs but not in the CSs which have been 
processed by aqueous alteration. Though sulfides occur in both the CS and C P  IDPs, isolated 
FSNs are most likely from CP material. The sulfur content in CP particles is higher (.42 
atom S/Si ratio) than in CS particles (.34 atom S/Si ratio) (2), and there is no evidence 
for any other significant sulfur-bearing phases in the anhydrous CP particles. On the other 
hand, CS particles may contain other sulfur-bearing phases such as tochilinite or sulfates. 
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Table 1. Mean atomic element/Si ratios for stratospheric IDPs vs. CI chondrites. 

FSN IDP .I27 1.026 .090 10.83 .024 .040 11.793 .315 .023 
Chondritic IDP1 .052 .980 .075 .356 .052 .015 .697 .045 .003 
Bulk IDP2 .055 .982 .076 .776 .051 .016 1 .I42 .056 .003 

CI chondrite (3) .057 1.074 .085 .515 .061 .014 .900 .049 .001 

'Mean chondritic IDP from (2) except Ni which was rea,na,lyzed and Zn which was not 
reported. 
2Calculated assuming 88.5% chondritic and 11.5% FSN. 
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