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Introduction:  The purpose of this study is to 

compare lunar and martian wrinkle ridges with the use 

of Digital Elevation Model (DEM) data. These features 

are characterized by having a low, broad relieved arch 

with a narrow superimposed ridge [1; 2], alternately 

defined as the broad ridge and echelon crenulations 

respectively [3]. The focus of this comparison will be 

in the connected lunar basins Mare Serenitatis (Map 1) 

and Mare Imbrium and the martian basins of Isidis 

Planitia (Map 2) and Utopia Planitia. What is 

particularly striking about wrinkle ridges is their lack 

of terrestrial analogs despite their presence on the other 

terrestrial bodies [4]. Their mechanisms of formation 

are not entirely known, and thus two major hypotheses 

have been proposed. 

One hypothesis is creation from volcanic or 

isostatic loading processes, specifically in the context 

of Isidis and Utopia Planitia [5-7]. The alternate 

hypothesis is creation from horizontal shortening [1; 3; 

8-10] through means of planetary cooling [11] or other 

tectonic processes sourcing from Syrtis Major Planum 

and Isidis Planitia and the Elysium Volcanic Region, 

[9]. Such forces lead the underlying geology to form 

blind thrust faults protruding in concentric and radial 

patterns [1; 3; 8-10].  

Due to the lack of terrestrial analogs and the 

inability to conduct field work, understanding the 

formation of these features is challenging. If this study 

confirms the morphologic similarities of the wrinkle 

ridges, another incentive to conduct further field based 

research on the Moon would be introduced. 

 

Methods:  The Lunar Orbiter Laser Altimeter 

(LOLA) Digital Elevation data was accessed through 

Jet Propulsion Laboratory’s Moon Trek. Similarly, the 

elevation data from the Mars Orbiter Laser Altimeter 

(MOLA) was accessed through the Jet Propulsion 

Laboratory’s Mars Trek. Both programs were useful 

due to their ability to instantly produce topographic 

profiles and georeferenced topographic data that could 

be manipulated to have 10x vertical exaggeration. A 

compilation of twelve geographically analogous 

profiles were collected (a, b, g, h sample profiles, 

locations seen in Map 1 and Map 2), three per basin. 

The profiles and map data is summarized into Table 1 

for convenience. The data for map creation of Lunar 

LOLA Color Hillshade 128 ppd in Mercator projection 

for Mare Imbrium and Serenitatis were found through 

USGS Astrogeology Cloud Processing Map a Planet 2. 

The datum to create the map of Isidis and Utopia 

Planitia was found in [12]. Additionally, the datum 

were used along with Yue et al., 2015 [2]  to 

confidently collect data in areas where wrinkle features 

were mapped.  

Map 1: A Digital Elevation Model (DEM) map of 

Mare Serenitatis in Mercator projection of the lunar 

surface displaying locations of topographic profiles a- 

c.  

 
 

Map 2: A DEM map of Isidis Planitia in GCS Mars 

2000 Sphere Projection on the martian surface 

displaying locations of topographic profiles g-i. 

Outlined in red are wrinkle ridge features [12].
 

 

 
Results: The topographic profiles are taken 

perpendicular to the long axis of the ridges in order to 

isolate the topographic morphology from the overall 
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ridge orientation. The basins of Mare Serenitatis (Map 

1) and Mare Imbrium primarily contain wrinkle ridges 

in concentric rings with smaller, topographically lower 

radial ridges cutting through them. As seen in Isidis 

Planitia (Map 2), the wrinkle ridges here are weakly 

radial, with segments seemingly concentric, with little 

similarity to those of the lunar surface. However, 

Utopia Basin’s ridges share more similarities with its 

lunar counterparts. Concentric ridges are seen upon the 

northern half of the region, yet are primarily radial 

further towards the middle of the basin. However, the 

ridges do not interweave with the concentric ridges as 

seen in the lunar basins. 

 

The lunar ridge topographic profiles (a-f) 

typically display a pronounced superimposed ridge, 

creating a sharp rise of the ridge that then slopes 

downwards and back up again with a shallow slope. It 

is because of this echelon crenulation that some of the 

elevation rises have steep slopes. Contrastingly, 

martian wrinkle ridges (g-l) in Isidis and Utopia 

Planitia show little evidence of a superimposed ridge 

and generally increase in elevation over moderate 

slopes. Additionally, the elevation change is much 

smaller than those on the lunar surface. 

 

Conclusion and Future Work: The limited 

knowledge of sub-surface geology in Utopia and Isidis 

Planitia coupled with uncertainties of its geologic 

history leads the topographic comparisons to remain 

inconclusive. Looking at the topographic profiles, the 

ridges are analogous to each other; however one 

cannot simply rely on the outer morphology of the 

ridges to confirm analogy when the methods of 

formation are unconfirmed. While the topography 

might indicate a similarity of underlying structures of 

blind thrust faults, there is not enough field 

information to confirm this.  

Additional research can be done between the 

four basins, where comparative analyses of major ridge 

system orientations are applied with quantitative strike 

data of the long axis of the broad ridge segments in 

conjunction with the orientations of the superimposed 

ridges. Additionally, another consideration would be to 

conduct another morphology comparison between 

lunar ridges with other areas of wrinkle ridge presence 

on the martian surface, such as on Lunae Planum, 

Amazonis Planitia, or Solis Planum.  

The further study of these wrinkle ridge 

structures is highly applicable and useful for the study 

of other terrestrial bodies and gives opportunity to 

promote future field work to be conducted on the lunar 

surface. 
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Table 1: Data displaying location of endpoints for 

topographic profiles, along with the vertical 

exaggeration displayed in the profiles.  
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