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Introduction: Space weathering refers to the optical, microstructural, and chemical alteration of airless body 

regoliths caused by high-speed micrometeoroid impacts and solar wind irradiation. Typically, this phenomenon results 
in spectral modifications in the visible and near-infrared region, including darkening, attenuation of characteristic 
bands, and reddening [1]. Our understanding of space weathering is built on the analyses of silicates, which are the 
principal components of lunar soils. However, the response of non-silicate mineral phases to space weathering 
processes is still poorly understood. Among these understudied minerals are Fe- and Fe-Ni-sulfides that have been 
identified in lunar and asteroidal soils [2,3,4] and are important accessory minerals in carbonaceous chondrites [5]. 
Despite their abundance in airless body regoliths, our understanding of their microstructural and chemical response to 
space weathering processes is still at an early stage. Space weathering studies of sulfides from Itokawa and the Moon 
have revealed new features, including npFeS particles [6] and iron whiskers protruding from sulfide surfaces [2,7]. 
The identification of these distinctive characteristics suggests that sulfides may play an important role in the space 
weathering of different airless body surfaces across the solar system. Here we report the analyses performed in a Fe-
Ni sulfide-bearing particle from asteroid Itokawa.  

Methodology: We performed systematic analyses on the Itokawa regolith particle RC-MD01-0025, previously 
identified to contain Fe-Ni-sulfides. The particle was embedded in low-viscosity epoxy and ultramicrotomed to 
prepare electron transparent sections with an approximate thickness of 50 nm. To identify microstructural and 
chemical signatures associated with space weathering, we used a 200 keV FEI Talos transmission electron microscope 
(TEM) equipped with a Super-X silicon drift energy dispersive X-Ray spectroscopy (EDS) detector at Purdue 
University.  

Results and Discussion: High-resolution transmission electron microscopy (HRTEM) images show the presence 
of nanocrystalline rims with an approximate thickness of 5 nm on the Fe-Ni-sulfide surfaces in RC-MD01-0025. 
Quantitative EDS maps and line scans of the outer regions of sulfides show variations in the Fe, S, and Ni contents, 
which can be categorized into two distinct zones. The outermost zone has a thickness that varies from 5-10 nm enriched 
in Fe and depleted in S and Ni. The underlying second zone is ~10 nm in thickness and is Ni-enriched. While S-
depletion has been reported in Fe-sulfides from both asteroid Itokawa and in experimentally space weathered sulfides 
[8,9], depletion of Ni has not yet been reported. The chemical and microstructural signatures in the regolith particle 
and their comparison to sulfur depleted disordered rims detected in previous studies [8] suggest solar wind damage as 
the origin for this iron-rich rim. To evaluate ion irradiation effects on Fe-Ni-sulfides, we will perform simulations 
using the stopping and range of ion in matter (SRIM) software to better understand the ion-atom interactions between 
the solar wind and Ni-bearing sulfides.  
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