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Introduction: Wrinkle ridges, one of the most 
common types of tectonic structure in the Solar System, 
are broad, low-relief topographic landforms thought to 
reflect crustal shortening by some combination of thrust 
faulting and folding [e.g., 1]. On the Moon, wrinkle 
ridges are abundant within the mare deposits and, in the 
case of Mare Crisium and Mare Serenitatis, demarcate 
the inner edge of an annulus of elevated terrain that 
parallels at least a portion of the perimeter of the basin  
[2–5].  

In an earlier study that motivates this work, the 
bench-bounding ridges were found to be situated atop 
outward-dipping, large (~20 km-deep) thrust faults that 
bound the elevated mantle plug beneath Crisium [2]. 
Here, we apply the methodology established for Mare 
Crisium [2] to a number of other mare-filled basins—
maria Imbrium, Serenitatis, Nectaris, Humorum, and 
Moscoviense. 

 

Mapping: Populations of wrinkle ridges were 
mapped within each of the study basins. All mapping 
was performed at a 1:200,000 view scale. Shortening 
structures were identified on the basis of a 
morphological and topographic signature generally 
characterized by a steeply dipping forelimb and tapered 
backlimb [1] not obviously related to cratering, ejecta 

blanketing, or normal faulting (Fig. 1). However, the 
asymmetry of these structures is variable and likely 
related to along-strike changes in the geometry of 
underlying faults; no one single morphology 
consistently characterizes these landforms. 

 

Fault Modeling: Python® scripts were written to 
generate input files for approximately 400,000 fault 
configurations within a pre-determined parameter set. 
Coulomb 3.3, an elastic dislocation modeling package 
for Matlab®, was used to generate the resultant 
topography for each model iteration [2,6]. Fault 
parameters, including dip angle, penetration depth, 
burial depth, and total displacement, were varied for 
each model iteration. Model configurations included 
both homoclinal and listric fault geometries. 

Topographic profiles from the SLDEM2015 digital 
elevation model [7] were extracted perpendicular to the 
strike of several annular shortening structures within 

Figure 1. The topography of Mare Serenitatis, shown with 
an orthographic projection centered at 26.7°N, 18.1°E. 
Topography data are derived from the SLDEM2015 digital 
elevation model [7]. Cross sections across annular bench-
bounding ridges (a, b) are used for fault modeling, and 
elevation and crustal thickness values are extracted along a 
profile from X to X’. 

Figure 2. Model solutions for two bench-bounding ridges 
within Mare Serenitatis are shown. The fault solution for 
model (a) has a dip angle of 20°, a burial depth of 1 km, 
penetrates 20 km into the lunar lithosphere, and has a 
maximum fault displacement of 350 m. The fault solution for 
model (b) has a dip angle of 16°, a burial depth of 1 km, a 
penetration depth of 28 km, and a maximum displacement of 
700 m. The vertical exaggeration for both profiles is 50. 
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each of the study basins (Fig. 1). We quantified the 
mismatch between the observed topography and 
modeled results by calculating the root-mean-squared 
error (RMSE) for each fault configuration. The model 
surface displacement with the minimum RMSE value 
was taken to be representative of the real-world fault 
geometry (Fig. 2).  

Modeling Results: A minimum of five ridges was 
selected within each of the study basins, based on those 
structures’ relatively preserved morphology and 
approximate collocation with the maximum gravity 
gradient within each basin. Our model solutions indicate 
that typical fault dip angles for these structures are 10–
40°, with the faults at burial depths of 1–5 km, and 
penetrating 15–50 km into the lunar lithosphere. 
Forward modeling of two ridges on the southwestern 
and eastern perimeter of Mare Serenitatis (Fig. 1) 
suggests that these faults have dip angles of 16–20°, are 
buried to a depth of 1 km, and penetrate to depths of 20–
28 km (Fig. 2). 

Subsurface Geometry: We also compared the 
subsurface geometry of our modeled fault solutions with 
the geometry of the elevated crust–mantle interface 
beneath each basin. Elevation values (from the 
SLDEM2015 topographic model [7]), as well as crustal 
thickness values from ref. [8], were extracted along a 
line of section that parallels the cross-sections used for 
fault modeling and extends across the diameter of the 
basin (Fig. 1) [2]. Crustal thickness values were then 
subtracted from the elevation values to generate a model 
of the crust–mantle interface. If the model developed for 

Mare Crisium [2] holds true for the basins analyzed in 
this study, differential stress, per finite-element 
modeling, was concentrated along the crust–mantle 
boundary to form faults that parallel this boundary [2]. 
In the case of Mare Serenitatis, as well as Mare Nectaris, 
our modeled faults do indeed parallel the crust–mantle 
boundary beneath the basin (Fig. 3). This geometric 
arrangement suggests that, as for Mare Crisium, an 
outward-dipping reverse ring-fault system localized by 
the isostatic adjustment of a superisostatic mantle plug 
and subisostatic crustal collar is characteristic of several 
large mascon basins on the Moon. 

Implications: The results of this and previous work 
[2] shows that circumferential, deep-seated reverse 
faults coincide with the boundary of an elevated mantle 
plug beneath maria Crisium and Serenitatis. This work 
demonstrates that such a fault geometry persists for a 
number of lunar mascon-bearing impact basins; indeed, 
such an arrangement may also be present within mascon 
basins on other terrestrial bodies, including Mercury 
and Mars. 
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Figure 3. Elevation and crustal thickness values extracted along a cross-section through Mare Serenitatis (Fig. 1). Our results 
suggest that, as for Mare Crisium, the outward-dipping thrust faults along the perimeter of Mare Serenitatis are sub-parallel to the 
crust–mantle interface and penetrate to depths of more than 20 km. The vertical exaggeration for this figure is 5. 
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