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Project highlights:  
 

• Taking part in the current exploration of Mars: The NASA Curiosity and NASA 
Perseverance rovers are exploring Mars as you read this. Curiosity is currently 
exploring the transition from a wet Mars to a more dry Mars and evaporation 
environments. This project will use rover-based data and other sources of information 
(e.g., Martian meteorites and terrestrial analogues) to understand alteration 
processes and habitability of Mars 

• The research will be carried out through geochemistry and thermochemical modelling, 
determining the environmental conditions during water-rock reaction processes at 
the rover landing sites, especially at the transition from a warm and wet to a cold and 
dry Mars.  

• This project will allow the student to become an experienced user of a wide range of 
software, e.g., for thermochemical modelling, and gain knowledge about 
environmental processes shaping habitability of a planet. During the project they will 
join the Martian research community, including mission teams, and be part of the 
lively Martian geochemistry, geomorphology and astrobiology community at the OU. 

• This project is carried out with the University of Leicester. Supervisors are embedded 
in active or future Mars missions, including rover operations and planetary protection.  
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Project description:  
 
Recent landed missions - from the NASA MER rovers Spirit and Opportunity to the polar lander 
Phoenix and most importantly the NASA rover Curiosity – have all found alteration minerals, 
predominantly clays, sulfates, in the sediment at their landing sites. Curiosity has reached the 
Sulfate Unit, which will be a major focus of this studentship. The NASA Perseverance rover is 
exploring Jezero Crater, and the ESA ExoMars Rosalind Franklin rover will be launched in 2028. 
Alteration minerals, and their formation, are very important to the geochemistry of the 
Martian surface; moreover, based on orbital investigations, alteration minerals, especially 
clay, carbonates and sulfates are predicted at the ExoMars site identified at the NASA 
Mars2020 landing site. This PhD will be using information obtained about Martian alteration 
minerals, especially from the Curiosity rover mission within the Sulfate Unit, to contribute to 
answering two important questions that all Mars exploration has in common: What were the 
environmental conditions at this site? And was this site habitable? These are questions central 
to rover-based exploration of Mars. 
 
This PhD is embedded in a collaboration between the University of Leicester, UK, and the 
Open University, within a group of researchers who study planetary mineralogy and 
geochemistry as well as planetary protection, and are part of the Curiosity science team. The 
overall project will cover all aspects of mineralogy and petrology, reaction pathways of water-
rock interaction and the effect on the ancient habitability of the site.  
 
A central objective of the work is to work with data from active rover missions and use 
geochemical data to understand the mineralogy and chemistry of rocks before and after 
water-rock reactions. Those data will then be used to decipher reaction pathways between 
the unaltered host rock and the alteration mineral assemblage, resulting in a definition of 
environmental parameters, such a composition of the fluid during alteration, pH and 
temperature. This will allow to define the environmental conditions and aid rover mission 
data interpretation and the planning of future missions, especially from a planetary 
protection perspective. 
 
The successful candidate will be able to work with data from active missions, interact with 
the international Mars science community, and will be embedded in the planetary research 
at the School of Physical Sciences and at AstrobiologyOU. The main task of the PhD itself will 
focus on thermochemical modelling of the reaction pathways of specific host rock – alteration 
assemblage pairs recently investigated on Mars. This work will be based on expertise gained 
from previous modelling of alteration pathways and Ca-sulfate transport vein formation 
within Martian environments, but will be unique in the accuracy achievable when working 
with detailed ground truth data. The results from the modelling will be the basis of the 
habitability assessment of this Martian site, which can - depending on the interests of the 
student - include applying Gibbs energy calculations to the modelled conditions to find out 
which metabolisms would be possible in the setting, and how much biomass could 
theoretically be produced. 
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