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Introduction:  

Pingos are quasi-conical mound-like structures 

formed through the freezing of groundwater under 

specific periglacial hydrological conditions (Figure 1). 

These dynamic water-based systems are of interest on 

other planetary bodies due to the implications of the 

existence of subsurface water ice resources. 

Pingos primarily form through the injection and 

subsequent freezing of liquid water into the shallow 

subsurface either under hydrostatic or hydraulic condi-

tions [1]. On Earth, these conditions are met in many 

periglacial environments including the Arctic coast of 

northern Canada, Alaska, Russia, Svalbard, and many 

other locations. Similar landforms have been exten-

sively documented on Mars [e.g. 2 & 3] although it 

remains ambiguous if these features are truly analo-

gous to terrestrial pingos. Recently, new high-

resolution images from the final extended mission of 

NASA’s Dawn spacecraft revealed pingo-like mor-

phologies within Occator and Urvara craters on the 

dwarf planet Ceres [4,5].  

These potential hydrological systems on Mars and 

Ceres may be, or could have been, important habitats 

for life or nexus for pre-biotic chemistry. Additionally, 

identifying and characterizing the water resource po-

tential of possible extraterrestrial pingos is relevant for 

future human space exploration. Previous methods of 

identification of these structures are time consuming 

and tedious, but with the developments in machine 

learning we have simplified this process allowing for a 

greater capacity for mapping pingo-like morphologies 

in new and future remote sensing images and data 

products of the surface of Earth, Mars, and the Ceres. 

 

 

Figure 1: Examples of terrestrial and possible martian 

and cerean pingos: (a) Ibyuk pingo in northern Canada 

near the Mackenzie River delta, Ibyuk is ~250 m wide 

and ~ 50 m tall; (b) a planform view of Ibyuk pingo; 

(c) a pingo candidate on Mars, adapted from [3]; (d) 

two candidate pingos in southern Occator. 

 

Methods:   

This project is a combined effort between manually 

identifying potential pingos and pingo-shaped features 

on Earth, Mars, and Ceres and developing a computa-

tional pipeline which can identify these features to a 

level of accuracy similar to human identification using 

computer vision and machine learning techniques.  

 

1. Identifying Regions of Interest:  We first identify 

regions of on each body which we believe may 

contain Pingos using the guidance of past works. 

The regions identified for this study include Tuk-

toyaktuk Peninsula on Earth [1], Utopia Planitia 

on Mars [2,3], and Occator and Urvara craters on 

Ceres [4,5].  

 

2. Image Compilation:  Utilizing the efforts of past 

works we already have a complete image mosaic 

and shape model for Ceres created using data from 

the Dawn Mission. On Earth we will identify pin-

gos using visual imagery from Planet [6] and 

ESA’s Copernicus program, as well as Arctic 

DEM [7]. On Mars we will utilize visual imagery 

from the Mars Reconnaissance Orbiter, particular-

ly from the HiRISE instrument.  

 

3. Manual Mapping:  Utilizing QGIS we will identi-

fy pingo-like morphologies visually on each 

planetary body. We will measure the dimensions 

and planform morphology of each feature, as well 

as their centroids.  

 

4. Utilizing Computer Vision:  We will implement a 

code which will go through three steps, first iden-

tifying potential mounds, second collecting meas-

urements of the mound structures, and third re-

finement of results to the most likely pingo candi-

dates. This kind of work has already been done for 

craters utilizing a variety of methods, but due to 

the variable quality of our imagery and the size of 
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the pingo-like morphologies we are searching for, 

methods using elevation data will not be as largely 

applicable as they are for crater identification. We 

will implement our search utilizing grayscale im-

agery. Using edge-detection (Figure 2) and a 

shape filter we can identify pingo structures, then 

we can isolate mounds from craters through meas-

urement of the orientation of the characteristic 

crescent shape for each structure. In this part we 

will have to specify orientation for each body de-

pending on the direction the sun is hitting the sur-

face. We can use the isolated shapes to calculate 

midpoint, maximum axis and minimum axis 

length. Once again we can remove candidates 

based on these factors by setting a maximum and 

minimum size limit for our search. We also will be 

able to determine whether or not there appear to 

be fractures at the tops of the larger structures, 

which can help in the identification of the most 

appealing candidates.  

 

5. Code Verification:  We will then check the outputs 

of our code against the manual mapping, to deter-

mine the accuracy of pingo candidates that were 

selected. Since there are very likely fewer pingo 

candidates than craters on Mars and Ceres it is not 

unreasonable to manually check each output for 

the purposes of this project.  
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Figure 2. Example of an edge detection algorithm applied to candidate pingo-like morphologies on Ceres (same 

image as that used in Figure 1d). Note how the smooth flanks of the two mounds are easily recognized by the algo-

rithm. Key obstacles that need to be overcome to facilitate wide use of this technique for detecting pingo-like mor-

phologies are ambiguities with impact craters and background noise. 
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