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Introduction:   Interplanetary dust particles (IDPs) are 
among the most chemically and mineralogically primitive 
meteoritic materials currently available for laboratory inves-
tigation, with components that formed in the early solar ne-
bula and presolar environments [e.g. 1, 2]. There are two 
major types of chondritic IDPs, chondritic porous (CP) IDPs 
and chondritic smooth (CS) IDPs and the former are anhydr-
ous and the latter are hydrous.  CP IDPs are composed pre-
dominantly of loose fluffy aggregates of submicrometer sili-
cates (En, Fo), Fe (+Ni) sulfides, GEMS (glass with embed-
ded metal and sulfides), and carbonaceous material [1]. 

The mineralogy and petrography of CP IDPs have been 
studies for over 2 decades, yet few systematic studies have 
been reported.  One of the goals of this study was to deter-
mine the mineralogy, mineral compositions and grain sizes 
for several CP IDPs in order to provide a database for com-
parison with other primitive meteoritic materials such as 
carbonaceous chondrites and Stardust samples (comet Wild-
2 particles). Our initial measurements focused on the sulfide 
grains within these particles. Although sulfides are a com-
mon mineral in IDPs, details of their composition (and crys-
tal structures) have remained elusive. Most of the sulfur in 
primitive meteoritic materials resides in Fe,Ni-sulfide grains 
in the form of troilite (FeS)), pyrrhotite (Fe1-xS), and pen-
tlandite ([Fe,Ni]9S8) [1]. In this study, we analyzed the sul-
fide mineralogy of the particles and compared our data to 
other  primitive materials such as carbonaceous chondrites 
and comet Wild 2 samples. 

 
Sample and methods:   Three individual CP IDPs 

(W7190C28, L2005AL5 and L2001B10) and matrix frag-
ments from a meteorite (Acfer 094) were embedded in low 
viscosity epoxy or elemental sulfur and microtome thin sec-
tions (~70 nm) were prepared by ultramicrotomy.  The IDP 
samples are typical CP IDPs, while the Acfer 094 matrix 
samples were selected because this meteorite is among the 
most primitive carbonaceous chondrites in terms of its con-
tent of presolar grains [3].  The thin sections were placed on 
TEM grids with continuous carbon films and analyzed using 
the JSC JEOL 2500SE scanning-transmission electron mi-
croscope (STEM).  Bright field and dark field images of the 
thin sections were taken at 100KX magnification and were 
used to aide in the identification of the individual grains. 
We obtained quantitative elemental maps (spectrum images) 
of the samples using a Noran thin-window energy dispersive 
X-ray spectrometer (EDX) to determine the chemical compo-
sition of the mineral phases  (Fig. 1). We also measured par 

 
Fig. 1:  upper: BF (bright field) image of W7190C28 thin section, 
lower: X-ray map of sulfur in W7190C28 
 
ticle sizes of the different minerals by image processing of 
the elemental images using a publicly available software 
package (Image J, from the NIH, Figure 1). 

 
Results: Each IDP samples contains Mg-rich silicates, 

sulfide grains, and carbonaceous materials. Acfer 094 con-
tains abundant amorphous Mg-Fe silicates, tiny enstatite and 
forsterite grains along with numerous sulfide grains (carbo-
naceous materials is rare).  Figure  2 shows the size distribu-
tion of sulfide grains for each sample. L2011B10, L2005AL5 
and Acfer 094 all show an approximately log-normal size 
distribution with a  maximum peak at ~10 nm. W7190C28 
shows a much different distribution with a much wider varia-
tion in sizes with few small grains and more grains in the 
larger size fraction. L2005AL5 contains highest % of Ni 
(~15 at. %) among these three IDP samples.  In addition, 
AL5 also contains tiny Fe metal (kamacite) grains. Unlike 
the IDP samples, Acfer 094  matrix contains Ni-rich sulfides 
(pentlandite) in addition to pyrrhotites.  
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 Figure 3 showsthe sulfide compositions plotted on 
a  Fe-Ni-S at. % ternary diagram. We analyzed mineral com-
position for 20, 20, 19 and 50 sulfide grains for W7190C28, 
L2011B10, L2005AL5 and Acfer 094, respectively. The 
three IDP samples contain pyrrhotite which is typical for 
anhydrous IDPs [5,6].  Sulfide grains in W7190C28 and 
L2011B10 are generally Ni-poor (<5 at. %) and these data  
plot close to the S-Fe binary join. L2005AL5 contains more 
Ni-rich (~15 at. %) grains compared to the other two IDP 
samples. The data show that there are also some Fe metal 
grains (kamacite) in AL5.  Acfer 094 shows a broader com-
positional range compared to all IDP samples. This meteorite 
sample includes more abundant sulfide grains that contain 
higher Ni contents (~20 at. %) compared to the other 
threeIDP samples. 
 
Discussion: Our grain size distributions are consistent with 
earlier results by [4].  However, there is an obvious differ-
ence between W7190C28 and other three samples. The larger 
grains sizes and abundance of polycrystalline sulfide aggre-
gates in W7190C28 are likely caused by annealing and 
growth of sulfide grains prior to accretion in the solar nebula. 
Coagulation and grain growth has modified the mineralogy 
and grain size of the silicate aggregates in W7190C28 [3].  
Mineral composition of sulfide grains 

 The compositions of the sulfide grains analyzed in 
this study are in excellent agreement with a previous study of 
IDP sulfide grain compositions [1, 4].  Zolensky and Thomas 
[5] analyzed anhydrous (CP) and hydrous (CS) IDPs and 
their Fe-Ni-S atomic % ternary diagram show that anhydrous 
IDPs contain mainly low-Ni (<2 at.%) pyrrhotite.  In contrast,  
their hydrated IDPs contained mainly pyrrhotite plus more 
Ni-rich varieties including pentlandite.  In this study, we 
found that Acfer 094 matrix sulfides show  the same trends 
as the hydrous IDPs. Ni-rich sulfides in CS IDPs were pro-
duced during an aqueous alteration event on the parent body, 
while the CP IDPs sulfides reflect an origin in the early ne-
bula [5]. Although the range of aqueous alteration in Acfer 
094 is not as pronounced as in the CS IDPs, the sulfide com-
positions reflect a similar elemental redistribution.  

Comparison to comet Wild 2 sample 
 Zolensky at al. [6] plotted Fe-Ni-S atomic % ter-
nary diagram of comet Wild 2 samples. A plot of analyses of 
its Fe-Ni sulfides shows that many have composition close to 
that of FeS, with less than 2 atom % Ni (two pentlandite 
grains are exceptions). Basically, most Wild 2 sulfides are 
mixture of troilite and pyrrhotite. The Fe-Ni sulfide composi-
tional range of Wild 2 grains is the same as that of anhydrous  
chondritic IDPs in this study. 
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Fig. 2:  Size distributions for the three IDP samples and one mete-
orite sample. 

 

 
Fig.3: Fe-Ni-S atomic %  ternary diagram  a) W7190C28 (anhydr-
ous IDP), b) Acfer 094 matrix (meteorite). 
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