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Introduction: NASA’s Stardust Mission successfully re-

turned a diverse collection of material from Comet 81P/Wild 2; 
from high-temperature CAI-like components to low-temperature 
sulfide minerals. While the CAI-like assemblages returned by the 
spacecraft bear witness to mixing of high-temperature compo-
nents in the early Solar System, sulfides provide complementary 
information about low-temperature material. Sulfides may repre-
sent the strongest evidence for preservation of grains that experi-
enced aqueous alteration at some point in their history. Some 
Stardust sulfides are strikingly similar to sulfides in CI chon-
drites, suggesting a possible relationship between the two types 
of material. In particular, pyrrhotite, pentlandite, cubanite, and 
Zn-bearing iron sulfides occur in both collections. The minera-
logical heritage of these grains aids in clarifying early solar sys-
tem processes.   

Methods: Compositions and crystal structures of Stardust 
sulfides are characterized using transmission electron microscopy 
(TEM) at Johnson Space Center, on the JEOL 2000FX STEM 
and the JEOL 2500SE field emission STEM. CI-chondrite sul-
fides are characterized using a combination of electron micro-
probe analysis and TEM, using the Cameca SX-50 Electron Mi-
croprobe at the University of Arizona (UA) and the JEOL 
2200FS TEM at the Naval Research Laboratory. Laser ablation 
inductively coupled plasma mass spectroscopy (LA-ICP-MS) 
measurements are done at UA on a Thermo Finnigan ELE-
MENT2 high resolution ICP mass spectrometer coupled with a 
New Wave Research UP193FX Excimer laser ablation unit. 

Results & Discussion: The crystal structures and composi-
tions of these sulfides, both individually and in combination, 
yield constraints for formation conditions. For example, the pres-
ence of orthorhombic cubanite, in the Stardust and CI-chondrite 
collections, provides a maximum temperature constraint of 210°C 
[e.g., 1]. The stability of 4C monoclinic pyrrhotite, which has 
been identified in both collections, is restricted to temperatures 
below ~250°C [2]. Combinations of cubanite and pyrrhotite in 
the CI-chondrite collection, as well as pyrrhotite and pentlandite, 
in both collections, furnish further constraints. LA-ICP-MS 
analysis of a CI-chondrite pyrrhotite grain is consistent with the 
presence of a sphalerite inclusion within the pyrrhotite grain, 
which provides a direct analog to the Stardust Track 27 pyr-
rhotite/sphalerite assemblage. 

If the Stardust sulfides formed via the same aqueous mecha-
nisms as they did on the CI-chondrite parent body, they represent 
remnants of aqueous alteration on a cometary body.  
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