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Cryo-aeolian processes on Mars 
 

 

A significant finding of the High Resolution Imaging Science Experiment (HiRISE) 

on board the Mars Reconnaissance Orbiter is the confirmation of active surface processes 

under the current Mars climate. Many of these processes in the polar regions are linked to 

seasonal volatile and wind cycles, such as the migration of aeolian bedforms, avalanches of 

CO2 ice from polar cliffs and formation of new gullies. 

 

Aeolian dunes in our solar system are modified by a myriad of processes that operate 

at the surface-atmosphere boundary. Many are climate dependent and bring with them a suite 

of sediment transport processes. On Earth sediment transport by wind dominates active dune 

deposits, however, non-aeolian transport such as grain flows, slumping, fluvial and debris 

flows, also occur (Ahlbrandt and Andrews, 1978; Hugenholtz et al., 2007; Hunter, 1977; 

Talbot and Williams, 1979). Grainflows, slumps and gullies have also been shown to modify 

Martian dunes (Bourke, 2012; Diniega et al., 2010; Dundas et al., 2012; Fenton, 2006; 

Horgan and Bell, 2012).  

 

Relatively little is known of these aeolian deposits on Mars or indeed on Earth. 

Martian dunes at high latitudes may contain significant amounts of water ice deposited 

directly from the atmosphere within pore spaces which affects their morphology and 

migration. Similarly, surface CO2 frosts have also been shown to modify martian dunes 

through processes that have no terrestrial analogue. A better understanding of these systems 

is important for understanding volatiles both as geomorphic agents but also as easily 

accessible resources which may be required for future human missions to Mars.  

 

This Ph.D research will study volatile emplacement, storage and preservation in 

aeolian dunes on Earth and Mars. The research will quantify the geomorphic work of active 

surface aeolian process on annual timescales. The  analysis of HiRISE image data will enable 

the production of baseline quantitative data on aeolian process rates and sediment transport 

volumes. Specific approaches involve 1. Quantifying seasonal ice-related dune change on 

Mars. 2. Conducting a field analogue study at a cold-climate dunefield on Earth. 3. Modelling 

(1 and 2-D) of ice emplacement mechanisms on Mars.  

 

Supervisors:  

Dr. Mary Bourke, Department of Geography, Trinity College Dublin. 

Dr Shane Byrne, Lunar and Planetary Laboratory, University of Arizona 
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Department of Geography 

 
 

https://www.tcd.ie/Geography/staff/MB.php
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Essential skills: 

Excellent written and oral English communication skills. Field experience in geomorphology 

or geology. Clean Driver Licence. Strong background in Physical Geography, Geology or 

Earth Science. The ability to work alone and in a team. Good numerical skills for modelling 

component of the work and some previous computer programming experience. 

Desirable: 

Experience working with Mars data sets. Good working knowledge of GIS. Highly motivated 

and independent student. Completion of a Masters degree. 
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