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We have simulated solar wind-based space weathering on 

airless bodies in our Solar System by implanting hydrogen and 
helium into minerals at solar wind energies (~1keV/amu). We 
present the results of the first scanning transmission electron 
microscope (STEM) study using electron energy loss 
spectroscopy (EELS) spectroscopic imaging of these 
simulants. Inner solar-system bodies showing “space 
weathering” effects include the Moon, Mercury and the 
asteroids 4-Vesta and 1-Ceres. Our results are especially 
relevant in light of the recent paradigm shift caused by the 
remote sensing discoveries of hydrogen in the form of 
hydroxyl by the Lunar Crater Observation and Sensing 
Satellite (LCROSS) mission to the Moon and by the direct 
measurement of hydroxyl in Apollo samples.[1, 2] It has been 
demonstrated that the visible/near infrared (VNIR) reflectance 
spectra of airless bodies are dependent on the size and 
abundance of nanophase iron (npFe0) particles in the outer rims 
of regolith grains.[3] However, the mechanism of formation of 
npFe0 in the patina on lunar regolith grains and in lunar 
agglutinates remains debated.[4, 5] This work illustrates that 
npFe0 can be nucleated in orthopyroxene under implantation of 
solar wind hydrogen and helium. Our data suggest that the 
solar wind, particularly the helium component, provides the 
primary solar wind mechanism by which iron is reduced in the 
matrix and npFe0 is nucleated in the outer surfaces of regolith 
grains. This formation mechanism should operate on airless 
bodies in the Solar System. 
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