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Introduction: Space weathering modifies the chemical, microstructural and spectral properties of grains on the 

surfaces of airless bodies and is driven by micrometeorite impacts and solar wind irradiation [1]. These processes 
cause the attenuation of characteristic absorption bands, and changes in spectral slope and reflectance. The chemical 
and microstructural characteristics of space weathering include vesiculated textures, amorphous rims on grain sur-
faces, and Fe-bearing nanoparticles [2]. Previous studies of returned samples have focused on the effect of space 
weathering on silicate minerals which dominate the collections from the Moon and asteroid Itokawa [3,4]. Similarly, 
laboratory simulations of these processes have also focused on silicate minerals, using ion irradiation to mimic solar 
wind exposure, and pulsed-laser irradiation to reproduce micrometeorite impact events [5]. However, the situation is 
less constrained for mineral phases such as Fe- and Fe-Ni sulfides which occur on more compositionally-complex 
planetary surfaces. These minerals have been identified in returned samples from S-type asteroid Itokawa [4,6,7] and 
are common in the carbonaceous chondrite meteorites that are thought to be compositional analogs of the target bodies 
of the Hayabusa2 and OSIRIS-REx missions [8]. Laboratory simulations of space weathering for sulfides have been 
shown to produce spectral changes, especially darkening [9]. In this study, we analyzed sulfide phases from the CM2 
Murchison meteorite altered by pulsed-laser irradiation. These results will be compared to the chemical and physical 
features of five space-weathered particles from aster-
oid Itokawa allocated to us by the Japan Aerospace Ex-
ploration Agency.   

Methodology:  To understand the chemical and 
microstructural response of these phases to space 
weathering conditions, we simulated micrometeorite 
impacts by performing pulsed-lased irradiation of an 
unpolished, dry cut chip of the CM2 Murchison carbo-
naceous chondrite. The irradiation was performed un-
der high vacuum (∼10-8 Torr), using an Nd-YAG laser 
(1064 nm) with a pulse duration of 6-8 ns, and an en-
ergy of 48 mJ, similar to previous studies [10]. To iden-
tify the morphological features and chemical changes 
produced after the irradiation we used scanning elec-
tron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDS) with a FEI Nova NanoSEM200. 
To determine changes in microstructures we will per-
form transmission electron microscopy (TEM) anal-
yses of these samples. The results obtained through 
these experiments will be compared with future anal-
yses of sulfide-bearing Itokawa particles. 

Results: Backscattered electron (BSE) images showed melt features, including melt droplets, on the surfaces of 
sulfide grains. We also identified abundant vesicles on the surfaces of the irradiated sulfides, similar in size and dis-
tribution to the vesicles observed in other laser-irradiated sulfide minerals [11]. BSE imaging of the sulfides also 
reveals a ubiquitous polygonal fracture pattern that suggests rapid cooling after laser irradiation (Fig. 1). EDS analyses 
indicate that Fe and S, Ni are the most significant elemental components of the sulfide surface melts, with stoichi-
ometries similar to troilite and pentlandite. We will present results of  transmission electron microscopy (TEM) anal-
yses of focused ion beam (FIB) sections extracted from both troilite and pentlandite phases, and compare these results 
to the microstructural analyses of other experimentally space weathered sulfides. 
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Fig 1. BSE image showing vesicles and polygonal fracture 
pattern in a sulfide grain after pulsed-laser irradiation. 
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