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Overview 
 

Ice core records have provided a detailed look into 

biogeochemical changes over the glacial-interglacial 

cycles. In particular, atmospheric CO2 concentrations 

co-vary with indicators for global temperature, while 

increases in CH4 slightly lag those of CO2. The causal 

linkages between the glacial-interglacial cycles and 

atmospheric CH4 fluctuations remain unexplained. 

Expansion of wetlands, permafrost melting and 

clathrate dissociation are considered as important 

processes influencing methane release and flux into 

the atmosphere, but relative proportions are poorly 

understood.  

 

This project will assess the role of methane clathrate 

formation and destabilization during the last 

glaciations, and in particular in the transition from the 

last glacial maximum towards modern interglacial 

conditions.  Our international team has collected 

unique carbonate crust samples from the Barents and 

North Seas that formed as result of methane seepages 

immediately after last deglaciation. Using numerical 

models and geochemical measurements, this project 

will examine the conditions necessary for clathrate 

formation/dissolution and its role in authigenic 

carbonate formation, assess the rates of methane 

oxidation in sediments and water column, and explore 

the chemical and climatic effects of methane released 

to the environment.  

 

 
Carbonate crust sampling from the Barents Seafloor    

This crust was formed about ten thousand years ago by methane 

seepage and oxidation on the seafloor.  The primary aim of this 

project is to develop a quantitative understanding of the role of 

these methane-derived carbonate crusts in glacial-interglacial 

processes. 

http://earthsci.st-andrews.ac.uk/profile_mc229.aspx
http://earthsci.st-andrews.ac.uk/profile_ab276.aspx
http://earthsci.st-andrews.ac.uk/profile_jwbr.aspx
http://www.gla.ac.uk/centres/nercrcl/staff_PG.htm
http://www.bgs.ac.uk/staff/profiles/6618.html
http://www.ngu.no/en-gb/System/Ansatte-System/Aivo-Lepland/


  

While the project centres around numerical 

modelling, geochemical measurements to assess 

timescale and conditions of methane-derived 

carbonate formation will be made to help constrain 

the modelling effort. Additional geochemical 

constraints will come from an international team 

focused on the genesis, makeup, and worldwide 

distribution of methane-derived carbonate crusts. 

 

Given the emphasis on numerical modelling, applicants 

should have a solid background in mathematics, 

chemistry, and/or computer programming, along with 

a strong interest in geochemistry, paleoclimatology, 

and/or Earth Systems science. 

 
Methodology 
 

Modelling: The student will both use existing and 

create new numerical models. Drawing from the 

literature on clathrate formation and dissolution will 

enable the creation of a 1-D sediment model that 

tracks methane capture and release, incorporation 

into carbonate crusts, as well as transport through an 

oxidized water column. An existing 1-D 

photochemical model will be used to assess the 

atmospheric effect of pulsed methane release. Finally, 

an intermediate complexity Earth System model  

(cGENIE ) will be used to investigate the global 

response to pulsed methane releases. 

 

Geochemistry: The student will pick and clean 

foraminifera and shells from the sediment core for 

radiocarbon (University of Glasgow-SUERC) and 

stable isotope analyses (University of St Andrews).  

The carbonate crusts will be drilled and micromilled 

for U/Th dating (analysis at BGS).   At St Andrews, 

carbonate crust samples will be further analysed for 

their boron isotopic composition, which can constrain 

the pH of their formation. 

 
Timeline 
 

Year 1:  You will spend substantial time reading the 

literature and developing the sediment/clathrate/crust 

model, with necessary training in numerical methods. 

You will be taught how to use advance photochemical 

modelling tools and learn the basics of the GENIE 

Earth System model. Foraminifera and other shelly 

fossils from the crust will be picked, cleaned, and 

prepped for 14C, U/Th and B analyses. 

 

Year 2: You will validate the sediment/clathrate model 

using experimental and literature data, and apply of 

the sediment/clathrate model to assess the fraction of 

CH4 which participates in crust formation vs water 

column release. These first results will be 

incorporated into cGENIE and the photochemical 

model. Samples for boron isotopes, 14C and U/Th will 

be run at St Andrews, SUERC, and BGS. Initial 

presentation of results at a local or national scientific 

conference would be expected.  

 

Year 3: Complete sediment/clathrate model, with full 

linkage to GENIE and photochemical models. 

Presentation of the results at an international meeting 

will be expected, and a first paper should be 

submitted for publication. 

 

Year 4: In the fourth and final year you will be 

focusing on the final thesis submission, additional 

journal publication of results, wider dissemination via 

conferences and workshops, along with career 

training. 

 
Training & Skills 

 
You will develop key skills in cutting edge geochemical 

techniques as well as substantial training in how to 

model and interpret geochemical data.  You will gain 

experience with the linux/unix operating system, and 

programming languages FORTRAN and Matlab. This is 

a CASE project in partnership with the British 

Geological Survey (BGS) and the successful student 

will be able to take advantage of advanced training and 

student events at BGS.  
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