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Introduction:  Planetary surfaces without 
atmospheres experiences physical and chemical 
changes in the regolith.  This alteration processing, 
space weathering, causes strong changes in optical 
properties such as darkening, reddening, and 
weakening of the iron absorption features [1].  The 
degree of optical alterations is different in regions 
with varying chemical compositions, topography, 
total amount of exposed time, and flux of weathering 
agent.  The principal agent of space weathering is 
solar wind and micro-meteoroids but their relative 
contribution remained unclear until recently. 

Because the regolith inside a crater have equal 
exposure ages, intra-crater variation can be 
interpreted as the result of relative weathering rate 
differences, in a globally averaged sense.  Here, we 
present statistical investigations on the optical 
properties of thousands of craters across the Moon.   

We found that the spectral difference between 
equator- and pole-facing slopes of craters is a 
function of latitudes and the difference between east 
and west slopes is related to the shielding effect by 
terrestrial magnetotail.  Our results indicate that the 
solar wind plays the dominant role in space 
weathering on the lunar orbit. 

We also investigate the spectral distribution of 
regolith inside craters on the 750-nm reflectance 
versus 950-nm/750-nm reflectance ratio space (R-C 
space).  The shape of the spectral distribution is 
quantitated by descriptive parameters.  Among them, 
we suggest that statistical skewness (s) can be used as 
a proxy for crater age for both of mare- and highland 
craters.  Characterizing the spectral distribution of 
craters will help us to track the evolutionary stages of 
the impact craters on the Moon.   

Data: We analyze spectral properties of 
IAU-named craters in the latitudes between 50°S and 
50°N.  With lower limit of 2 km for size and 15° for 
wall slope, total number of craters used in this work is 
3,495.  Topographically corrected reflectance map iss 
obtained from Multiband Imager onboard the 
SELENE(Kaguya) orbiter [2,3].  Wall slope is 
calculated using SELENE/LRO Digital Elevation 
Model (SLDEM) [4].  

Asymmetric Space Weathering on Crater 
Walls: We divide crater walls into equator-facing, 
pole-facing, east, and west (EF, PF, E, W) quadrants 
and explore The spectral differences in EF-PF and 
E-W quadrants.  The differences of maturity indices 
such as reflectances, optical maturity (OMAT) [5], 
slope of the near-infrared spectrum [1,6], and depth 
of the 950 nm absorption band [1,6,7] increase with 
increasing latitudes.  This can be explained by the PF 
quadrant receiving less solar wind flux than the EF 
quadrant, due to the reduced incidence angle of the 

solar wind flux direction that is concentrated in the 
ecliptic.  

The differences of spectral parameters are also 
functions of longitudes which is almost zero near the 
sub-Earth point, reaches the minimum and the 
maximum at longitudes -60° and +60°, respectively, 
and again become insignificant in far-side craters at 
longitudes larger than ~ ±120°.   

These latitudinal and longitudinal asymmetries in 
crater walls show excellent agreements to a simple 
space weathering model where the solar wind is the 
only space weathering agent and the solar wind flux 
is completely blocked from reaching the lunar surface 
when the Moon is in the Earth’s magnetosphere, 
indicating the space weathering on the Moon is 
dominated by solar wind flux variability  

Spectral Trend of Craters: Regolith inside a 
crater appears a longish trend on the R-C diagram [8].  
We quantitate the shape of the spectral trend is by 
descriptive parameters as below. 

Trend length (L).  Mare craters tend to have 
longer L than highland craters.  It is possibly because 
that the dark mare surface is a thin layer on the top of 
the highland materials and is easily excavated by an 
impact that makes a km-sized crater [8].  

Trend angle (θ).  Mare craters have high θ with a 
less variation whereas highland craters have lower θ 
with a wide variation.  Craters with steeper wall slope 
have lower θ values while the craters with shallower 
wall slope tend to have higher θ values.  It seems that 
more mature particles experience more reddening and 
less darkening process while less mature particles 
experience less reddening and more darkening.  

Trend skewness (s).  Statistical skewness s is 
calculated along the principal axis. Younger craters 
have right-skewed (s < 0) or symmetric (s = 0) trend 
where older craters have  left-skewed (s > 0) 
distribution, indicating that the surface particles 
evolve at different rates.  We note that s shows similar 
behaviors for mare and highland craters.  Moreover, s 
is less affected by the regolith maturity of pre-impact 
background surface.  We suggest that s, a parameter 
that can be easily derived from the optical properties, 
can be used as a proxy for crater age. 
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