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Introduction: Meteoritic bombardment is the pri-

mary mechanism responsible for the morphologic evo-

lution of lunar surface. Prior work has also shown that 

recent lunar tectonism may be linked to varying de-

grees of surface change [1–2], but the true extent to 

which tectonic activity alters the lunar landscape re-

mains poorly constrained. We have previously shown 

that boulders at km-scale (0.8–2.0 km diameter) impact 

crater rims are continually being exhumed due to 

downslope mass wasting of the overlying regolith [3], 

but the mechanism(s) responsible for regolith move-

ment have not been examined in detail.  

Recently, a population of wrinkle ridges have been 

identified that are abnormally rocky – a characteristic 

that was attributed to recent reactivation and shaking 

of those wrinkle ridges [4–5]. In the work presented 

here, we identify impact craters from the Nypaver et al. 

[3] crater database in the lunar mare that exhibit exces-

sively boulder-rich rims. Utilizing the Diviner Rock 

Abundance dataset [6], we also have been examining a 

subset of the rockiest wrinkle ridges on the lunar ma-

ria. Spatially, these boulder-rich crater rims and wrin-

kle ridges appear to have a nonuniform, clustered dis-

tribution on the lunar surface.  

The goal of this work is to identify the cause of 

those observed clusters of boulder-rich crater rims and 

wrinkle ridge slopes. We investigate the hypothesis 

that increased mass wasting via tectonically-induced 

seismic shaking has led to the heightened rock popula-

tions observed at nearby crater rims and wrinkle ridge 

slopes. To assess this hypothesis, we test for a spatial 

coincidence between the excessively rocky crater rims, 

wrinkle ridges with dense boulder fields, tectonically 

deformed impact craters, and shallow moonquakes 

recorded by the Apollo seismic program [7–8]. By 

correlating recently active lunar tectonic features and 

their broad geomorphic effects, the findings of this 

investigation will be vital to the ongoing study of re-

cent lunar tectonism and lunar thermal history. 

Background: The impact craters defined here as 

“excessively boulder-rich” at their rims are a subset of 

the impact crater database from [3]. That study meas-

ured the crater rims and ejecta deposits of 6,240 km-

scale lunar impact craters in Rock Abundance (RA) 

data from the LRO Diviner instrument and Circular 

Polarization Ratio (CPR) data from the LRO Mini-RF 

instrument [6,9]. Those CPR and RA measurements 

were then correlated with the model age of the associ-

ated crater derived via diffusion modelling in [10], 

allowing for the crater rim and ejecta rock populations 

to be compared as a function of time. Results of that 

study demonstrated that surface rock populations at 

crater rims remained elevated above the ejecta deposits 

for the lifetime of the majority of craters analyzed [3]. 

That result was interpreted as evidence for a continued 

process of rock exhumation at the rims of km-scale 

impact craters on the lunar maria over the past 3.5 Ga. 

Methods: In the work presented here, we extracted 

the craters from each of the crater bins in [3] that ex-

hibit the highest 5% measured RA data at their crater 

rims. This down sampling provided a subset of 267 

impact craters that exhibit abnormally heightened rock 

populations at their rims irrespective of their diffusion-

modelled age. We conducted a similar sampling of 

lunar wrinkle ridges by extracting mean Diviner RA 

values under a 0.5-km buffer surrounding every wrin-

kle ridge in a previously published database of 11,476 

wrinkle ridges on the lunar maria [11]. We then down 

sampled that dataset to the top 5% rockiest wrinkle 

ridges as observed in the RA dataset. 

To test for a spatial correlation between these ex-

cessively boulder-rich features and recent tectonic 

shaking, we mapped 2,277 impact craters on the lunar 

maria with diameters ranging from 10 m–3.0 km that 

are deformed (crosscut) by wrinkle ridges (Abstract 

#2140). Operating under the assumption that a higher 

spatial density of tectonically-deformed impact craters 

is indicative of more recent and intense tectonic activi-

ty in that localized area, we then compared the spatial 

distribution of our excessively rocky craters and wrin-

kle ridges with a density map of those tectonically-

deformed impact craters as well as with the locations 

of recorded shallow moonquakes.  

Results: A spatial comparison of our boulder-rich 

crater rims and wrinkle ridges with the density map of 

tectonically deformed impact craters reveals no ubiqui-

tous correlation between the three datasets (Fig. 1A). 

For example, the E. Procellarum wrinkle ridge system 

that exhibits the most dense crater deformation (>1.79 

craters/km2) is spatially coincident with relatively few 

boulder rich features, whereas Mare Frigoris (de-

formed crater density of <0.6 craters/km2) exhibits 

heightened populations of boulder rich wrinkle ridges 

and crater rims. There also appears to be no consistent 

correlation between those boulder-rich features and 

documented shallow moonquakes. Lastly, the popula-

tion of excessively rocky-rimmed craters shows a 

strong latitudinal component with a population in-
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Figure 1: (A) LROC WAC base map of the lunar nearside mare 

overlaid by a density map of tectonically deformed impact craters 

(blue-yellow gradient). Also shown is the subset of craters from 

Nypaver et al., 2021 with excessively boulder-rich crater rims (pur-

ple triangles), the top 5% rockiest wrinkle ridges as measured in 

Diviner RA (green lines), and epicenters of shallow moonquakes 

documented in Nakamura (1978) from the Apollo seismic program. 

(B) A histogram of excessively rocky-rimmed craters binned by  

latitude .        

crease of ~100% from equator to -20˚ and 60˚ latitude 

(Fig. 1B). 

Conclusions: The lack of a consistent spatial corre-

lation between the boulder-rich features mapped here 

and recently active tectonic features does not clearly 

support the hypothesis that tectonic seismicity is the 

primary cause of accelerated mass wasting at crater 

rims and wrinkle ridges – a finding that is consistent 

with prior analyses of lunar rockfall triggering mecha-

nisms [12–13]. Additionally, the recently active wrin-

kle ridges identified in our mapping of tectonically 

deformed craters do not consistently exhibit elevated 

boulder populations. The strong latitudinal component 

of the boulder-rich crater rim distribution indicates that 

latitudinal variations in impact flux may play a signifi-

cant role in the rock populations observed at crater 

rims. Prior work has shown that a 10-20% increase in 

impactor flux exists at the lunar equator [14]. The 

long-term, compounding effect of this decreased mete-

oroid flux at higher latitudes would likely lead to slow-

er boulder breakdown rates, giving the perception of 

increased mass wasting rates at high latitude craters. 

The findings presented here are valuable in the search 

for recently active lunar tectonism and may indicate 

that several mechanisms are at work in causing accel-

erated mass wasting at crater rims and wrinkle ridges. 

The latitudinal component of the boulder-rich crater 

rim distribution indicates a potential dependence on 

impact flux variations whereas the concentration of 

wrinkle ridge boulder fields in S. Procellarum may 

indicate a connection with the underlying surface age. 
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