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Introduction. The term space weathering encompasses a set of processes that operate on the surfaces of atmos-

phere-free bodies in the solar system (e.g., Moon and asteroids) producing irreversible modifications of mineral sur-
faces at micro- and nanometer scales (i.e., the formation of iron nanoparticles (npFe0s), melting, recrystallization, 
and development dislocations). The main causes of space weathering are solar wind exposure and micrometeorite 
impacts. The damages induced by space weathering affect the reflectance spectra of any airless body in the solar 
system, impeding the correct interpretation of their surface mineralogy (e.g., [1], [2]).  

Space weathering can be reproduced through ion irradiation and laser experiments. The former are a direct re-
production of solar wind irradiation effects. The latter are assumed to simulate micrometeoroid impacts (e.g., [3], 
[4], [5]). Although the results of the previous laser experiments are encouraging, the mechanisms of mineral damag-
es are still unclear. In order to constrain the mineralogical modifications of the space weathering, we are carrying 
out new high energy and short pulse laser experiments on oriented single olivine crystals.  

Samples and Methods. Single crystals of Pakistani olivine (Fo94.5) were cut perpendicular to the three main 
crystallographic axes [100], [010], and [001]. Thick polished sections (300-500µm) were irradiated under vacuum 
(10-3 mbar) with a Ti:sapphire laser at a wavelength of 800 nm. On each sample, one 1 x 1 mm grid of single shots 
(center to center distance 100 µm) at a pulse energy of 3 mJ (spot size ~35 µm) and two 0.5 x 0.5 mm grids of single 
shots (center to center distance 100 µm) at pulse energies of 2 mJ and 1 mJ were produced.  

Initially, spectral features of irradiated and non-irradiated areas were acquired in NUV-vis-NIR range. The mor-
phology of samples was studied by white light interferometry and SEM. FIB-lamellae were prepared on selected 
single craters produced at different energies and in different orientations. They were observed by the TEM in order 
to evaluate the defect microstructures at the nanometer scale.  

Results. Laser produced craters are covered by a glass layer at each orientation and pulse energy. Diameter and 
depth of the craters increase with increasing pulse energy. Their diameter varies between 85 µm and 54 µm and their 
depths between -2.8 µm and -1 µm. The damage is higher on the slice perpendicular to the direction [100]. Spectral 
measurements in the range of NUV-vis-NIR show a slight darkening (overall reduction in spectral intensity) and 
reddening (relative spectral intensity increasing at higher wavelength). 

At the current stage, one laser crater was studied by FIB-TEM. In cross-section three different layers can be 
identified from top to bottom: a glass layer (~500 nm), a polycrystalline layer (~700 nm), and defect-rich single 
crystal olivine (> 15 µm). The polycrystalline layer can be divided into two sublayers, at the base very small, polyg-
onal olivine crystals (~50 nm) occur, which grade into larger, palisade-like olivine crystals at the glass interface. 
Iron nanoparticles (npFe0s) occur in the lower part of the glass layer and on the topmost sublayer of the polycrystal-
line layer. 

Discussion and Future Work. The layered structure and the occurrence of npFe0s are features found in natural-
ly space weathered samples from the Moon [6] and from asteroid Itokawa [7], indicating that our experimental set-
ting is suitable to reproduce space weathering effects. Next steps will be completing the FIB-lamellae preparation 
and the TEM study on laser irradiated olivine. In particular, we will devote our attention to the formation of npFe0 

and the defect microstructures in the shocked olivine substrate.  
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