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Introduction:  Lobate scarps on the Moon are rela-

tively small-scale tectonic landforms. These low-angle 
thrust faults are observed predominantly in highland ma-
terial [1-4] and are the most common tectonic landform 
on the farside [1-4]. Prior to Lunar Reconnaissance 
Orbiter Camera (LROC) observations, lobate scarps 
were primarily detected in equatorial regions because 
of limited Apollo Panoramic Camera and high resolu-
tion Lunar Orbiter coverage with optimum lighting 
geometry for identifying low-relief features [1-3]. 
Thus, our previous understanding of lobate scarp dis-
tribution and morphometry was based on measure-
ments of a limited number of low-latitude scarps, with  
relief estimates (n = 9) determined primarily from 
shadow measurements acquired with Apollo-era pho-
tography [1].  LROC images combined with Lunar 
Orbiter Laser Altimeter (LOLA) ranging enable detec-
tion and detailed morphometric analysis of lobate 
scarps at all latitudes [5-6]. Previously undetected 
scarps have now been identified in more than 150 dif-
ferent locations, and are globally distributed [5-8].  

The maximum displacement (Dmax) of a fault 
scales with its horizontal length (L) [e.g., 9-12]. When 
the displacement-length (D-L) relationship of a certain 
fault population is known, it can thus be used to esti-
mate strain using only fault lengths [13-14]. It can also 
provide insight into the mechanical properties of the 
near-surface crustal materials [9]. In this study, LROC 
stereo-derived digital terrain models (DTMs), supple-
mented with LOLA altimetry, are used to accurately 
determine the maximum relief of 30 individual lobate 
scarps to establish the D-L relation of the thrust fault 
population (Fig. 1). 

Data and Methods: The LROC Narrow Angle 
Cameras (NACs) provide images at a scale of up to 0.5 
m/pixel [15]. Ten DTMs derived from NAC stereo 
pairs were analyzed to obtain measurements of maxi-
mum relief for lobate scarps (n = 26; Figs. 1 and 2). 
LOLA profiles were used to measure the relief of scarp 
segments (n = 4) where the profiles traverse the scarps 
at near-orthogonal angles. Because of LRO’s polar 
orbit, only principally E-W trending scarps at high 
latitudes with sufficient LOLA coverage were includ-
ed. All available LOLA tracks transecting the scarps 
were examined, and the scarp relief was measured in 
each profile to determine the maximum relief along the 
scarp length. Scarp lengths were measured using NAC 

mosaics. 
Measurements of the maximum relief, h, of lobate 

scarps provide a means to estimate the displacement-
length relation of the thrust faults. Measurements of h 
are used to estimate D using the relationship  D = h/sin 
θ, where θ is the dip of the surface-breaking fault-
plane [16-17]. This assumes that h is a function of the 
total cumulative slip on the thrust fault. Populations of 
terrestrial faults, formed in uniform rock types, indi-
cate that the maximum D on a fault scales with L as a 
linear function such that D = γL, where γ is a constant 
determined by tectonic setting and mechanical proper-
ties of the surrounding rock type [e.g., 9-12].  

 

 
Figure 1: Locations of  lobate scarps measured for their relief 
in this study (white dots) plotted on a Mollweide equal area 
projection of a shaded relief map merged with a global 
LROC Wide Angle Camera (WAC) stereo derived DTM. 
Multiple scarp segments were measured at most locations. 
Lines of longitude are 30° apart (center longitude = 180° E). 
 

Results and Discussion: Maximum relief of scarp 
segments ranges from ~4 to 165 m with lengths rang-
ing from ~0.3 to 14 km. From experimental results 
[18], terrestrial field measurements [e.g., 19-20], and 
elastic dislocation modeling of thrust faults on the 
Moon, Mars, and Mercury [e.g., 21-23], we conserva-
tively assume a range in θ of 25° to 40° for thrust faults 
associated with lunar scarps. For this range in θ, we 
estimate a range in D of ~10 to 390 m. Using the same 
range in θ, a linear fit to the plotted D-L data (Fig. 3) 
yields γ values of ~2.3 × 10-2 to ~1.5 × 10-2 (~2.0 × 10-

2 for θ = 30°). The standard deviation of the slope (γ) 
ranges from (~0.2 to 0.3) × 10-2 for the entire range in 
θ (0.24 × 10-2 for θ = 30°). These γ values are slightly 
higher than estimates from previous measurements for 

3042.pdf44th Lunar and Planetary Science Conference (2013)



lunar thrust faults (~1.5 × 10-2 to ~0.96 × 10-2 for θ = 
25° to 40°; ~1.2 × 10-2 for θ = 30°) [1].  

The D-L relation for the population of lobate 
scarps has been used to estimate the areal contractional 
strain  and corresponding global decrease in radius [1, 
7]. Using the population of scarps known from Apollo-
era photography (covering ~10% of the lunar surface) 
[1, 3] with our revised D-L scaling relation, we find a 
range in areal contractional strain and change in radius  
that is generally consistent with previous estimates [1, 
7]. 

The values for lunar thrust faults are higher than 
estimates of γ for lobate scarp populations on Mars 
(~6.2 × 10-3 for θ = 30°) [24-25] and Mercury (~8.2 × 
10-3 for θ = 30°) [26], but are lower than the γ for typi-
cal thrust faults on Earth (~8.0 × 10-2 for θ =30°) [16]. 
The differences in γ between the thrust faults on these 
bodies likely reflects differences in tectonic setting. 
For example, terrestrial thrust faults at convergent 
plate margins accumulate large amounts of strain. On 
the Moon, Mars, and Mercury, lobate scarps indicate 
more distributed deformation [16]. In addition, abun-
dant water on Earth reduces the residual frictional 
stress on faults resulting in higher values of γ com-
pared to faults where water is absent [1]. Similarities in 
γ values, such as between Mars and Mercury, may also 
indicate similarities in mechanical properties of the 
near-surface materials [1, 16]. 

Analysis of newly acquired LROC images contin-
ues to reveal additional lobate scarps, and ongoing 
mapping projects are capturing details of the emerging 
population [5, 8]. The results of this study provide a 
more accurate and statistically rigorous estimate of γ, 
and understanding of the D-L relation of the thrust 
faults associated with the lobate scarps. This will be 
used to refine estimates of the areal contractional strain 
and change in lunar radius once the global population 
of scarps is known.  
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Figure 2: A) LROC NAC DTM (M151596778LE/RE and 
M151603560LE/RE) of lobate scarp Korolev-3 (3.0° N, 
195.4° E). The white line marks the location of the profile. 
B) Profile across Korolev-3 derived from the NAC DTM. 
With a maximum relief of ~165 m, this newly identified 
lobate scarp is the largest measured to date.  
 

 
Figure 3: Log-log plot of maximum displacement as a func-
tion of fault length for 30 scarp segments (θ = 30°). The 
slope (γ) for the thrust faults was obtained by a linear fit with 
the intercept set to the origin (γ =~2.0 ± 0.24 x 10-2).  

3042.pdf44th Lunar and Planetary Science Conference (2013)


