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Introduction:  It has recently been found that the 

maturity indices of the lunar regolith such as the optical 
maturity (OMAT) or mean grain size <d> are latitude 
dependent [1, 2]. This dependence is thought to be a 
result of reduced space weathering effects at high lati-
tudes, where the flux of weathering agents such as mi-
crometeoroids and solar wind particles is smaller.  
Here we extend our previous work [2] to the inner 
walls of lunar impact craters.  We analyze the OMAT 
profile in craters as a function of distance from the 
crater center. We also analyze OMAT differences be-
tween the northern and southern inner walls as well as 
those between the eastern and western inner walls. 

Methods: OMAT is a maturity parameter based on 
the reflectances at two wavelengths, 750 nm and 950 
nm, developed by [3].  Since the reflectance is a func-
tion of both incidence and reflectance angles, it is criti-
cal to correct the effect of local topography on OMAT, 
particularly when the craters are the subjects of anal-
yses.  We use the topography-corrected, 1-km resolu-
tion OMAT data from the Kaguya Multiband Imager 
data [4] for our analyses. 

The craters we considered in our analyses are from 
the Lunar Impact Crater Database 2015 [5] from the 
Lunar and Planetary Institute.  We consider the craters 
whose latitude is between −58° and +58° and whose 
diameter is between 5 km and 120 km.  We exclude the 
craters whose OMAT image has too many bad pixels.  
The total number of craters considered here is 6110, 
and 1202 of them have age information. 

We divide the inner wall of a crater into four quad-
rants: North, East, South, and West. When comparing 
the OMAT values between these walls, we only con-
sider the craters whose average wall slope is greater 
than 10°. The average wall slope of a crater is deter-
mined from the altimetry data of the LRO/LOLA [6]. 

Results: Figure 1 shows the mean OMAT profiles 
for six different age groups as a function of distance 
from the crater center for two diameter ranges: 5 km < 
D < 20 km and 20 km < D < 120 km.  The OMAT val-
ues are scaled to the mean OMAT values between 2.5 
Rc and 3.0 Rc, where Rc is the crater radius.  Since the 
formation of a crater is more recent than its neighbor-
ing regions, it is natural to expect the craters to have 
generally larger OMAT values than its neighbors (the 
larger the OMAT, the fresher the regolith).  What is 
interesting in Figure 1 is that the OMAT profile of the 

crater resembles the topography of the crater−The 
OMAT value is larger where the topography is steep 
(walls and central peaks) and OMAT profiles fluctuate 
much less for older craters, where the topography is 
generally flatter due to various diffusion mechanisms.  
This implies that as craters age, the OMAT values of 
the craters gradually decrease to neighboring values, 
but this takes place more quickly at flatter areas in the 
craters. 

 
Figure 1.  OMAT profiles for six different age groups. 

 
Figure 2 shows the OMAT differences between the 

equator-facing (EF) and pole-facing (PF) walls as a 
function of cos(latitude) (top panel), and their latitudi-
nal means (bottom panel).  There is no significant 
OMAT difference at the equator, but as the (absolute) 
latitude increases, the EF walls have gradually larger 
(more mature) OMAT values.  This is thought to be 
because the EF walls generally have a higher flux of 
space weathering agents, and this agrees with the glob-
al latitudinal dependence of the OMAT and <d> values 
found in [1] and [2].  Smaller craters show larger 
OMAT differences because they generally have steeper 
topographies.  

Figure 3 shows the OMAT values of the northern 
and southern walls as functions of cos(latitude − 
εⅹslope) (top panel), and their means (bottom panel).  
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“latitude − εⅹslope” is the angle between the northern 
or southern wall’s normal vector and the equatorial 
plane (e.g. this angle becomes zero for the northern 
wall in a crater at +30° latitude whose wall slope is 
30°).  “ε” has a value of +1 for the northern walls and 
−1 for the southern walls.  This angle can be regarded 
as the “angle of attack” of the crater wall against the 
space-weathering agents. The figure shows that the 
crater walls continue to be fresher at angles of attack 
larger than 58°, which is the latitudinal upper limit of 
the craters considered here. 

 

 
Figure 2. OMAT differences between the equator-facing 
(EF) and pole-facing (PF) walls. 

 
Figure 4 shows the OMAT differences between the 

eastern and western walls as a function of longitude 
(top panel), and their longitudinal means (bottom pan-
el). The overall mean value curve in the bottom panel 
leans toward the positive OMAT(E) − OMAT(W), and 
this is probably a result of the Moon’s rotation and 
revolution.  On top of this bias, the curve has a mini-
mum near longitude −60° and a maximum near +60°.  
This is thought to be due to the gravitational focusing 
of the space-weathering agents by the Earth.  Further 
analyses on the longitudinal dependencies of OMAT 
and <d> will give us insights on the relative importance 
of solar wind particles and micrometeoroids on the 
darkening/reddening and comminution of the lunar 
regolith grains. 

 
Figure 3. OMAT values of the northern and southern walls. 

 

 
Figure 4. OMAT differences between the eastern and west-
ern walls. 
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