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Introduction:  About 17% of the lunar surface is 

covered by mare basalts [1], mainly concentrated on 
the lunar nearside. The main period of mare volcanism 
occurred during the late Imbrian Period, ~3.3-3.8 Ga 
[2], although volcanism continued to a lesser extent 
until ~1.2 Ga [3]. These dates were assigned by Hi-
esinger et al. using crater size-frequency distribution 
measurements applied to pre-defined mare units (Fig-
ure 1) [2, 3, 4]. These mare units were defined to be 
spectrally homogeneous according to Clementine mul-
tispectral data and represent a single eruptive phase 
[4]. 

After eruption, the constant bombardment by mete-
orites and radiation on the lunar surface leads to the 
buildup of regolith over time [5]. The regolith is un-
derstood to be between 2 and ~10 m thick on the mare 
[6], with a heterogeneity of particle sizes ranging from 
meter-sized rocks to submicron particles (most regolith 
material is under 1 mm in size) [5].  

Regolith thickness increases with age as a surface 
is exposed to the space environment. The rate of rego-
lith accumulation is thought to be ~2 m/Ga [5]. We 

sought to determine the relationship between surface 
roughness and age of lunar mare, in relation to regolith 
development. To do this, we compared surface rough-
ness measurements using circular polarization ratio 
(CPR) values at both S- and P-band wavelengths (12.6 
and 70 cm wavelengths, respectively), and various 
surface characteristics from Lunar Orbiter Laser Al-
timeter (LOLA) measurements. The comparison of 
these data sets allows us to evaluate roughness on a 
range of length scales. 

Methods:  Based on the mare age calculations of 
Hiesinger et al. [2, 3, 4], ~6 units were chosen in each 
of three age categories: Young (~1.2-1.7 Ga), Middle 
(2.4-2.6 Ga), and Old (3.7-3.9 Ga) (Figure 1). Each 
unit was analyzed using a 6 x 6 km analysis box. 

A full description of the methods used in this pro-
ject to determine roughness is provided in a companion 
abstract [7] and only a brief summary will be given 
here.   

LOLA Data.  LOLA’s five spot configuration [8] 
allows for multiple measurements of the lunar surface 
to be grouped together and analyzed cohesively. 

 
 
          Figure 1. Map of mare units, from [4]. Units studied in this project are outlined in white. 
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MATLAB was used to group three successive LOLA 
shots together and generate a least squares best-fit 
plane. The RMS misfit of each point from this plane 
was then calculated, which represents the roughness of 
the lunar surface on a scale of ~25-50 m [9]. Mean 
slope values were also measured for the data by calcu-
lating the angle between the least squares plane and a 
horizontal plane.  

The MATLAB script also calculated the average 
pulse width for each group of three shots. Pulse width, 
measure by LOLA, represents the time interval of each 
returned laser pulse [9]. Small-scale topographic varia-
tions cause the returned beam to be broadened in time; 
this delay is a function of surface roughness on the 
scale of the 5 m laser footprint [9]. 

Radar Data.  Two radar wavelengths, S- and P-
band, were used in this study. S-band data was gath-
ered using the Mini-RF on LRO [10], while P-band 
data was collected from Arecibo and Green Bank Ob-
servatories [11]. Using ISIS and ArcMap, we gathered 
circular polarization ratios (CPR) for mare of varying 
ages. CPR data represents the ratio of the orientation of 
backscattered radar – the intensity of the same sense 
over opposite sense of that transmitted (SC/OC) [10]. 
The mean and standard deviation CPR values for each 
mare unit analyzed were compared with the RMS to-
pographic variation and average pulse width values.  

Results:  Topography data for RMS topographic 
roughness, mean slope, and pulse width were gathered 
using LOLA data for the suite of lava flows, as well as 
P-band CPR data; S-band CPR data collection is ongo-
ing. Plots of topographic roughness and mean slope 
versus age are shown in Figures 2 and 3, respectively. 
As age increases, roughness on the scale of 25-50 me-
ters appears to remain relatively constant (Figure 2); 
this suggests any cratering and regolith generation that 
accumulates over time does not greatly alter the sur-
face roughness on relatively long length scales. 

Mean slope of the surface appears to increase with 
age (Figure 3); there is a marked increase in mean 
slope between young-middle aged mare, and older 
mare. This is likely due to the saturation of older mare 
flows by ~100 m diameter craters, which are less ubiq-
uitous on young or middle aged mare.  

P-band CPR, when plotted against topographic 
roughness (Figure 4), appears to increase linearly, sug-
gesting that flows which are rougher on shorter (deci-
meter-meter) length scales in P-band CPR will also be 
rougher on longer (25-50 m) scales as well.  

The analysis of additional mare units, as well as the 
addition of S-band CPR data, will provide robust data 
about the evolution of surface roughness with age.  
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Figure 2. RMS topographic roughness vs. age for the suite 
of mare units 

Figure 3. Mean slope vs. age for the suite of mare units 

Figure 4. P-band circular polarization ratio vs. RMS 
topographic roughness for the suite of mare units 
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