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Introduction: Although the Moon does not host 

Earth-like plate tectonics, the lunar surface is covered 

with tectonic landforms (e.g., graben, lobate scarps, 

wrinkle ridges). Lobate scarps and wrinkle ridges are 

both the result of compressional stresses, however, their 

appearance and formation mechanisms are different [1-

5]. Lobate scarps are typically only a few kilometers in 

length and have few large superposing craters along the 

fault trace [1, 6-9]. They are mainly found in the anor-

thositic highlands and the faults that created the scarps 

are thought to have offset only the upper kilometer of 

regolith [9-11]. Lobate scarps are also some of the 

youngest landforms on the Moon, with derived model 

ages < 700 Ma [6-10]. Wrinkle ridges on the other hand 

are interpreted to be blind thrust faults, where horizontal 

shortening is accommodated by a fault that does not 

reach the surface. Wrinkle ridges formed in the maria 

0.1-0.65 Ga after basalt emplacement due to basin sub-

sidence [12-16]. The faults are suggested to extend to 

depths between 100’s of meters to several kilometers 

[12,13,17].  

Typically, lobate scarps and wrinkle ridges are not 

co-located. However, after global mapping of wrinkle 

ridges [18] and lobate scarps [10], it was revealed that 

there are at least nine cases where a lobate scarp transi-

tions into a wrinkle ridge at a mare-highland boundary 

[5,19-21]. A scarp-ridge transition on the western edge 

of Mare Serenitatis [20] was the first to be investigated 

using crater size-frequency distribution  (CSFD) meas-

urements to determine absolute model ages (AMAs) to 

determine the timing of any seismically-induced resur-

facing [22]. Using both traditional CSFD and Buffered 

Crater Counting (BCC) methods [23, 24], it was esti-

mated that the western Serenitatis scarp and ridge were 

last active ~50 Ma ago [22]. In this study, we investi-

gated recent fault activity using CSFD methods along a 

ridge-scarp transition on the eastern rim of Mare Seren-

itatis (Fig. 1). 

Data and Methods: NAC (Narrow Angle Camera) 

image data from the Lunar Reconnaissance Orbiter 

Camera (LROC) were processed using the Integrated 

Software for Imagers and Spectrometers (ISIS) [25,26]. 

In ArcGIS, count areas and CSFD measurements were 

defined and generated using CraterTools [27]. The 

CSFDs were plotted and fit in Craterstats [28], using the 

techniques described in [23]. The derived AMAs are 

based on the production and chronology functions [29], 

valid for lunar craters >10 m and <100 km in diameter. 

Similar to [22], we implemented multiple techniques 

to determine ages for each of the tectonic landforms. 

First, we defined count areas on relatively flat (<10º) 

portions of the wrinkle ridge and lobate scarp. The lo-

bate scarp traverses a steep portion of the highlands, 

causing the scarp face itself to be horizontal and thus 

optimal for CSFD measurements [e.g., 7]. Second, the 

BCC technique was used since both landforms have cra-

ters (>10 m in diameter) that superpose their fault traces. 

The BCC technique allows for the determination of ages 

of linear features independently from the surrounding 

Figure 1: LROC NAC (M192768045) showing the wrinkle ridge-lobate scarp transition (21.7°N, 28.9°E) on the 

eastern side of Mare Serenitatis. The wrinkle ridge (red arrows) exhibits high albedo boulders along the ridge highs 

and scarp faces similar to what was observed on the ridge-scarp transition on the western side of Mare Serenitatis 

[20,22]. The uphill-facing lobate scarp is marked with blue arrows. 
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geologic units [24]. As conventional crater counting in-

cludes all craters whose centers are inside the measure-

ment areas, the BCC technique only includes those cra-

ters that superpose the linear feature. A buffer is calcu-

lated from the diameter from each included crater [30]. 

[7] compared traditional CSFD measurements versus

BCC on lobate scarps and found that both methods pro-

duced similar results in most cases. Therefore, we im-

plemented both methods to either help validate the

AMAs determined for the lobate scarp and wrinkle

ridge if they are similar or if the AMAs differ between

the methods, what does that say about the fault slip ac-

tivity at these landforms.

Results and Discussion: The CSFD measurements 

yielded AMAs of ~26 Ma for the lobate scarp and ~65 

Ma for the wrinkle ridge (Fig. 2). Preliminary results 

using the BCC method give ages of <25 Ma for both the 

scarp and ridge, which may represent the last measura-

ble evidence on the faults [e.g.,7]. However, the steep 

slopes surrounding the scarp and ridge could be affected 

by gravity-driven mass wasting processes that would 

erase small impact craters that postdate fault movement, 

leading to underestimated ages with the BCC method 

[7].  

The young AMAs  suggest coseismic slip along both 

the wrinkle ridge and lobate scarp within the last 65 Ma. 

Although wrinkle ridges were created early in lunar his-

tory [16], the crustal strain generated by late-stage 

global contraction is being expressed at both scarps and 

ridges [31-33].  

Located on the peak sections of the wrinkle ridge are 

high albedo blocks (Fig. 3) and were suggested to indi-

cate active geologic processes occurring at the wrinkle 

ridges [31,34]. Meter to tens of meters wide blocks can 

only survive for < 1 Ga, and therefore could not have 

survived since the formation of the wrinkle ridges [35]. 

High albedo blocks were found on the west Serenitatis 

wrinkle ridge previously investigated by [22] and other 

ridges as mapped by [32].  

As there are more wrinkle ridge-lobate scarp transi-

tions on the Moon, particularly in Mare Frigoris [33], 

we will continue exploring for evidence of recent seis-

mic shaking activity caused by fault slip movement 

along ridge-scarp transitions using CSFD measurement 

methods.  
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Figure 2: AMAs determined for the lobate scarp (LS) 

and wrinkle ridge (WR) of the east Mare Serenitatis 

transition.  

Figure 3: Boulder outcrops on the wrinkle ridge are 

characterized by high albedo patches with meters to 10s 

of meters wide boulders (see also 31-33).  
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