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Introduction: Impact cratering dominates the 

landscape evolution of the Moon in recent epochs. As 
a result, the degradation of craters has long been 
thought to be diffusional and controlled primarily by 
the accumulation of smaller later impacts [1-4].   

New topographic measurements of the Moon in the 
last decade using laser altimetry [5] and stereo photo-
grammetry [6-7] provide an excellent dataset for im-
proved characterization of craters and other landforms.  
Because craters have a regular and characteristic initial 
morphometry and form randomly in space and time, 
their degradation state is particularly useful for quanti-
tatively assessing how quickly the lunar surface 
changes and the processes controlling topographic 
evolution as a function of time.   

Since the work presented at last LPSC [8], we have 
made progress in characterizing moderate-sized craters 
on the maria (D=800 m to 5 km), increasing the num-
ber of craters with measured topography by a factor of 
~25× to >13500.  Kaguya Terrain Camera (TC) DTMs 
[6] are the main source for these new measurements, 
rather than LOLA profiles, although where both in-
struments have coverage the results are essentially 
equivalent. Here, we update the status of these obser-
vations, which remain broadly consistent with results 
presented last year, and then describe our initial as-
sessment of how crater degradation compares between 
the highlands and the maria. 

Methods:  Mapping: Craters with diameters be-
tween 800 m and 5 km were mapped with LROC 
WAC data on approximately half of the area of the 
lunar maria (totaling ~2.2x106 km2).  Each crater’s 
position was then automatically refined to coregister it 
to the TC topography, maximizing the radial symmetry 
of the crater profile inside the crater’s rim. This step is 
required because the coregistration of the LROC WAC 
mosaics and TC data is imperfect; our process suggests 
an average offset of ~500 m (~5 WAC pixels). 

Model Fitting: A forward model of topographic 
diffusion was applied to initial topography based on 
direct observations of the freshest rayed craters in our 
initial study. Results of the diffusion model were then 
used to establish a lookup database of crater profiles at 
a range of initial crater sizes (D=600 m to 5 km) and 
diffusion times (κT=0 to 100000 m2). The resulting 
crater profiles evolve with the curvature and position 
of the rim and overall crater depth changing as κT in-
creases. Using this database, best-fit degradation states 

were determined by minimizing the difference between 
the lookup profiles and observations of every crater.   

Results.  Example of four craters with different de-
rived degradation states is shown in Fig. 1, and our 
current estimate for how degradation states correspond 
to time is shown in Fig. 2. This curve, from the mare 
data alone, is nearly linear for the period between ~500 
Ma to 3 Ga.  Its slope implies “steady” degradation 
diffusivity κ=0.005–0.007 m2/Kyr, or ~160× less than 
what is typically measured in the western United States 
(κ~1 m2/Kyr) [9]. This implies an average erosion rate 
across the lunar surface of ~0.3–0.5 mm/Myr, slightly 
larger than the characteristic lunar erosion rate report-
ed by [4] (0.2 mm/Myr).  Note that this average masks 
substantial variation, with faster erosion expected to 
occur on steeper slopes (e.g., new craters; rilles), and 
virtually no erosion is expected where topography is 
lacking, such as on smooth regions between impact 
craters on the maria. 

Fig. 2 also implies that the youngest craters de-
grade more quickly than steady linear diffusion would 
predict (for the first ~500 My of their evolution, 
κT<~7000). This is likely a result of enhanced mass 
wasting on their initially steep slopes. Based on the 
slope of the curve in Fig. 2, degradation rates in the 
period prior to ~3 Ga (κT>~16000 to ~18000) were  
also higher, consistent with the enhanced crater flux in 
that era [11]. 

Maria/Highlands Comparison:  An obvious 
question is whether the degradation behavior of craters 
is the same in the maria and highlands.  We have be-
gun to explore this question by characterizing craters 
in several small test areas.  Craters were measured in a 
similar way as in the maria, although because the high-
lands generally have steeper regional slopes, we first 
excluded all areas with regional (1-km-baseline) >5°.    

The median crater degradation state in our high-
lands sample was κT=24750, a factor of two higher 
than the median in the maria, κT=12000 (Fig. 3).  This 
is consistent with the relative age of these units.  The 
magnitude of this difference is substantial, however, 
and is again a likely consequence of the enhanced 
crater degradation rate early in lunar history (>3.5 Ga).  
The degradation state of less degraded craters is also 
consistent with a modestly faster degradation rate in 
the highlands than the maria in recent times, although 
more data is necessary to fully test this hypothesis.  
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Figure 1.  Example of profiles for four craters with initial diameter of 1 km and different degradation states.   
 
 
 

 

 
Figure 2.  Evolution of crater degradation state as a function of time 
from measurements on the lunar maria.  The age of these data are 
from [11] and are thus modestly model depedent.  However, the 
general trend (gray line) is robust: it implies faster degradation of 
younger craters (likely as a result of their steep initial slopes), fol-
lowed by a longer-term steady period of degradation, and faster deg-
radation early in lunar history when the impact flux was enhanced. 

 
Figure 3.  CFD comparison for craters in a test area 
of the lunar highlands compared to the maria. High-
land craters are, on average, more degraded than 
craters in the maria, as expected.  The steep upturn 
for the most degraded craters is potentially due to a 
combination of higher degradation rates early in 
lunar history, and contamination by secondaries, 
which have lower initial depth. 
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