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Overview 
 

Significant sectors of the beds of glaciers, ice caps and 

ice sheets are at the ice pressure melting point (Bell, 

2008), with the resulting liquid water capable of 

harbouring microbial ecosystems (Christner et al., 

2014; Hamilton et al., 2013). These microbial 

ecosystems are capable of influencing biogeochemical 

cycling on a variety of scales, both locally and 

regionally/globally, via the export of nutrients such as 

Fe and P to downstream marine ecosystems (Death et 

al., 2014). Recently, it has been documented that the 

mechanical grinding of rocks under ice can itself 

potentially help sustain microbial ecosystems, via the 

mechanochemical splitting of water and production of 

hydrogen gas (Telling et al., 2015; Figure 1). However, 

the relative importance of mechanochemical reactions 

compared to other sources of subglacial energy for 

sustaining microbial activity and altering nutrient flows 

below and outflowing from glaciers and ice sheets has 

yet to be properly quantified, in either modern or past  

(including Neoproterozoic ‘Snowball Earth’) 

glaciations. 

 

The key mechanochemical reaction is summarised in 

Equation 1, mediated by reaction on Si• radicals on 

freshly crushed mineral surfaces  

 

Equation 1      H2O  H• + OH• 

 

Hydrogen production is inferred to be produced from 

the collision of two hydrogen radicals to form a 

hydrogen molecule (Kita et al., 1982): 

 

Equation 2      H• + H•  H2 

 

 

The role of temperature in influencing the production 

of hydrogen gas has been studied in some detail (Kita 

et al., 1982; Telling et al., 2015), however the role of 

pressure in influencing mechanochemical hydrogen 

formation has yet to be quantitatively addressed. 

Furthermore, the equivalent importance of oxidant 

production via Equation 1 is unknown at 

temperature/pressure conditions relevant to subglacial 

environments, and may be an important but previously 

unrecognised pathway for the oxidation of organic 

matter and reduced sulphur (e.g. pyrite) under glaciers 

and ice sheets.  The production of these oxidants from 

water could be responsible for the anomalous ‘anoxic’ 

18O signature of some sulphate produced from glacial 

catchments (Bottrell and Tranter, 2002). 

Mechanochemical artefacts resulting in anoxic sulphate 

production have been described in prior laboratory 

studies on circumneutral pyrite oxidation (Moses and 

Herman, 1990). 

 

http://www.ncl.ac.uk/nes/staff/profile/jontelling.html#background
https://earthsci.st-andrews.ac.uk/person/az29/
http://www.ncl.ac.uk/nes/staff/profile/ceesvanderland.html#background
http://mif.wp.st-andrews.ac.uk/


  

 
Fig. 1. Results of laboratory experimentation adding water 

to crushed rocks representative of different glacial 

catchments at 0°C. There was a good correlation between 

the amount of hydrogen generated and the rock surface 

area when normalised to silica content (1.c) (from Telling et 

al., 2015). 

 

 

We hypothesise that mechanochemical reactions may 

be particularly important in subglacial regions with high 

rock/sediment:water ratios, including regelation zones 

where ice melt is triggered by increases in pressure 

around glacier bedload protuberances (Souchez et al., 

1979).  

 

This interdisciplinary project will address the following 

outstanding topics: 

 

1. The combined influence of mineralogy, 

temperature, pressure, pH, and water:rock 

ratio on the mechanochemical splitting of 

water and production of hydrogen and 

oxidants in subglacial environments 

 

2. The effect of microbial activity on altering rates 

of hydrogen generation (e.g. Parkes et al., 

2011) 

 

3. The effect of highly oxidized species (e.g. OH 

radicals, H2O2) on organic matter 

mineralization and  microorganism 

metabolism/cell integrity 

 

 

4. The quantitative importance of subglacial 

mechanochemistry in influencing nutrient 

production, speciation (e.g. S and Fe redox 

state and speciation) and export from glacier 

systems 

 

 
Methodology 
 

- Lab scale experiments, similar to Telling et al 

(2015), using both pure mineral and subglacial 

sediment/rocks with varying organic matter 

content, under relevant temperature, pressure 

(using pressure vessels), pH, water:rock ratios, 

and crushing energy, with and without subglacial 

microbial inoculi. Subglacial material from 

Greenland, Norway and the Himalayas are already 

available from prior fieldwork.  

 

- New fieldwork in the Alps at two temperate 

glaciers with contrasting geology (at Tsanfleuron 

Glacier and Findelengletscher in Switzerland) to 

collect samples of subglacial (including regelation) 

ice, authigenic subglacial precipitates and subglacial 

outflow waters, targeting characteristic 

mechanochemical products (e.g. H2, OH•, H2O2, 

18O and 34S-SO4
2) alongside solid, gaseous and 

aqueous phase geochemistry, including the 18O 

and 2H of liquid water and ice. 

 

- The synthesis of lab and field scale measurements, 

using stable isotope analyses to link laboratory and 

field measurements and quantify the importance of 

mechanochemical reactions in controlling the 

geochemistry and microbiology of subglacial 

habitats and downstream nutrient export. 

 

- Modelling the impact of mechanochemical 

reactions on glacial water geochemistry using the 

thermodynamic modelling package PHREEQ-C. 

 

 
Timeline 
 

Year 1. Literature survey, start of pure mineral and 

subglacial mechanochemical experiments (including 

high pressure), training and initial stable isotope 

analyses (both mass spectrometry and cavity ring 

down), presentation at IGS (International Glaciology 

Society) conference. 

 

Year 2. Continued experiments, fieldwork in Alps, 

analysis of field samples, stable isotope analysis of both 

field and experimental samples, presentation at 

international conference. 

 

Year 3 to 3.5 Final experiments, PHREEQ-C modelling, 

presentation at international conference, thesis and 

manuscript preparation, thesis submission. 



  

 
Training & Skills 
 

Newcastle University has a faculty run postgraduate 

research development programme 

(http://www.ncl.ac.uk/sage/learningandteaching/postgra

duateresearch/postgraduateresearcherdevelopmentpr

ogramme/#creditrequirement that follows the Vitae 

Researcher Development Framework 

(http://www.vitae.ac.uk/) focusing on: knowledge and 

intellectual abilities, personal effectiveness, research 

governance and organisation, and engagement, 

influence and impact.  Each PhD student has a tailor 

made Personal Development Plan, with the expectation 

of them taking 60 credits in the first year and 40 credits 

in the second year covering both specific skills required 

for the project (e.g. analytical methodology, statistical 

analysis) and transferable skills.   

 

Analytical training will include: Trace gas analysis, ion 

chromatography, UV-vis spectrophotometry, 

spectrofluorescence, epifluorescence microscopy, 

microcosm and molecular microbiology, and stable 

isotope analysis via both mass spectrometry and cavity 

ring down methods. Training in geochemical modelling 

and glacier field methods will also be given. 

 

As a member of the new vibrant School of Natural and 

Environmental Sciences at Newcastle University, the 

student will be involved in a very active scientific 

culture. This will include weekly 

presentations/discussion in research group meetings, 

and a weekly Seminar series. The student will be 

encouraged to present at both UK 

conferences/workshops (including the IGS British 

Branch meeting) and at international conferences in the 

second and third years. The student will be aided in the 

preparation and writing of peer reviewed articles for 

international peer-reviewed journals. 
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