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Introduction:  Lunar lobate scarps, or thrust faults, 

are widespread across the lunar surface. They are among 

the youngest landforms on the surface of the Moon; 

some are likely still active today [1-4]. Several lines of 

evidence point to the relatively young age of the lunar 

scarps (i.e., their crisp and pristine morphology, cross-

cutting relationships with small diameter craters) [3,5]. 

Additionally, absolute ages from estimates of infilling 

rates for small-scale back-scarp graben associated with 

activity along the faults [6], and from model ages esti-

mated using the size-frequency of impact craters, show 

that all studied scarps were active in the late Copernican 

(less than 50-100 Ma), and that fault activity causes sur-

face renewal and disturbance up to kilometers from the 

scarp trace itself [7,8]. This finding has important impli-

cations for future human and robotic exploration as po-

tential locations of resources brought up to or exposed 

near the surface, and for potential hazards. Thus, such 

scarps and their proximal terrain are of interest when 

considering exploration goals. 

We have begun a comparison of multiple data sets to 

analyze the photometric and optical maturity (OMAT) 

of surfaces surrounding the lobate scarp thrust faults. 

We strive to understand if photometric and OMAT in-

vestigations will reveal distinctive results for the surfac-

es disturbed by ground motion from seismic slip events 

during scarp formation, and if such analyses can provide 

further insight regarding whether or not these surfaces 

contain materials that might inform and benefit future 

exploration. Our investigations aim to bear on issues 

relating to ongoing scarp-related coseismic processes, 

the grain size and nature of near-surface regolith, the 

rate of soil maturation; and if/how these characteristics 

differ regionally. These results would thus be of use 

toward identifying other potential areas of relatively 

recently disturbed or exposed surfaces that might serve 

as strategic locations for future exploration. 

Here we present preliminary analyses of the Lee-

Lincoln scarp, located in the Taurus-Littrow valley near 

the Apollo 17 landing site (Figure 1). Using crater size-

frequency distribution (CSFD) measurements, the last 

significant activity on this thrust fault is estimated to 

have occurred ~75 Ma ago [9,10]. Evidence supports the 

possibility of multiple repeat slip events occurring on 

this fault, including activity that formed a small <50 Ma 

old back-scarp graben [6,9-11].  

Methods: Optical Maturity Index – Lunar  soils 

change (mature) over time because of micrometeorite 

impacts, solar wind implanted gasses, and other space 

weathering effects. The most immature or fresh 

soils/regolith on the Moon can be identified through 

remote sensing. Such material appears optically bright in 

images that have been created to lessen compositional 

effects (e.g., calcium-bearing minerals can appear bright 

in visible light images), and to isolate optical maturity 

[12,13].  This optical maturity index (OMAT) [see 14] 

trends as expected with the absolute age of impact cra-

ters, where craters whose ejecta blankets are bright in 

OMAT (i.e., high OMAT values) are younger than cra-

ters whose ejecta blankets are darker (i.e., lower OMAT 

values). The OMAT value of a region of lunar regolith 

has implications directly relevant to landing site consid-

erations that include roughness, hazards, and soil com-

position. For example, large- and small-scale roughness 

may be an important factor in sequestration of volatiles 

on the lunar surface [15]. 

Photometry – Photometry is a valuable tool for as-

sessing how the physical and compositional properties 

of the regolith may vary in the vicinity of the scarp. To 

assess how photometric parameters change, we used 

Hapke formulations [16] and nonlinear optimization 

techniques in MATLAB to produce photometric param-

eter maps (5 mpp) of the Lee-Lincoln scarp from Lunar 

Reconnaissance Orbiter Camera (LROC) Narrow Angle 

Camera (NAC) images and NAC-derived Digital Ter-

rain Models (DTMs). Details of the methods can be 

found in [17,18]. The parameter of most interest for this 

study is the b-parameter of the single particle phase 

function within the Hapke model, owing to its observed 

correlation with physical variations (e.g., grain 

size/shape, glass content) in surface properties. 

Preliminary Results: Rough or sloped surfaces tend 

to be brighter and less mature in OMAT. Since the 

Moon is undergoing a constant “sandblasting” of mi-

crometeorites, slopes and peaks are places where the 

regolith is always being “refreshed.”  Less mature mate-

rial is being uncovered and mixed into the more mature 

background regolith at these sites.  As micrometeorite 

bombardment takes place, the points and edges of any 

sharp features are highly vulnerable to this impact ero-

sion and contribute to local increases in soil immaturity 

(i.e., become brighter in OMAT images). It would be 
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reasonable to suppose that the edge of a cliff face would 

be a likely place to see this effect, and thus we expect to 

find the edge of a scarp, in particular, to appear as im-

mature or bright in an OMAT image.  

Figure 1 shows the Lee-Lincoln scarp in both an 

LROC image (left panel) and in an OMAT image from 

the Kaguya spacecraft (right panel). There is no point 

along the length of the lobate scarp in which the scarp, 

or the immediate surrounding surface, shows a distinc-

tive signature in the OMAT image. We checked whether 

this might be an effect of the topographic corrections 

conducted by the Kaguya team by extracting the Multi-

band Imager (MI) reflectance data at the Apollo 17 site 

and computing the OMAT at 20 mpp using the algo-

rithm of [19]. There is a difference in reflectance at 750 

and 950 nm between the scarp and the surroundings, but 

it disappears in the OMAT calculation; therefore it is 

unlikely that this absence of an OMAT signature is 

caused by the topographic correction.  It is therefore 

possible that lobate scarps, unlike sharp cliff faces, are 

too 'soft' in profile to provide an edge upon which space 

weathering can act.   

The photometric parameter maps reveal slight varia-

tion in b values in close proximity to the scarp, with 

values leveling out to a consistent background value 

with increasing distance from the scarp margins. The 

scarp itself has lower b values, which may indicate the 

presence of less mature soils and/or variations in physi-

cal properties, such as agglutinate content or grain size 

compared to the background values [20,21]. 

Future Work: We will continue to refine our pre-

liminary results and methods and will apply this ap-

proach to multiple additional lobate scarps in various 

locations and on different terrains. We will combine 

topographic data and analyses to better characterize the 

nature of the edges and slopes, associated with the 

scarps, that do and do not show differences in optical 

maturity. Comparison of these results with OMAT of the 

local and regional surrounding terrain will enable us to 

look for trends or inconsistencies. We will also consider 

how the processes that both mature and refresh soils are 

the same or different from those associated with impact 

events and their craters. In addition, we plan to create b-

maps for more scarps, and to improve the one created 

for Lee-Lincoln by increasing the number of iterations 

and range of b values the MATLAB code uses. We can 

compare the range of b values seen at the scarp to those 

seen at the Apollo 17 soil sampling stations (where grain 

size/composition is better understood) [18] and at other 

fresh surfaces, such as young impact craters, to better 

understand the physical characteristics of the materials 

on the scarps and  surrounding surfaces. Finally, we will 

assess the potential implications of our OMAT and pho-

tometric results for future investigations into space 

weathering, grain size, and the nature of the upper rego-

lith, including the properties of regolith that have expe-

rienced coseismic shaking. 

 
Figure 1 : Left panel – LROC NAC view of Lee Lincoln 

scarp (NAC image M104318871; image width is ~7 km), 

which runs roughly on a vertical path through the image.  

Right panel –  Same region viewed in an OMAT image from 

the Kaguya spacecraft. Albedo differences in this image indi-

cate differences in regolith maturity.  Note that the scarp can-

not be readily identified in the OMAT image.  
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