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Overview 
The recently developed carbonate clumped isotope 

palaeothermometer has great potential as a proxy for 

reconstructing past temperatures in a range of 

geological settings. This method is based on the 

temperature dependence of bonds between heavy 

carbon (13C) and oxygen (18O) isotopes in the 

carbonate mineral lattice1. It has successfully been 

used as a temperature proxy in palaeoclimate studies 

using the common carbonate mineral calcite e.g. 2-4 

but is also attracting increasing interest as a method 

for determining temperatures of geological processes 

in the subsurface e.g. 5-7. It is increasingly being used 

to determine the temperature of diagenesis in 

carbonate hydrocarbon reservoirs8,9. However, 

clumped isotopes can only be used as a 

palaeothermometer in carbonate minerals, largely 

restricting its use to carbonate-only basins. However, 

many hydrocarbon-bearing basins are a mix of 

siliciclastic and carbonate rocks. In order to 

thoroughly constrain diagenesis and therefore thermal 

history in such basin, it is proposed to combine 

clumped isotopes with apatite fission track analysis. 

Apatites are commonly found in sandstones and so 

can be used to fingerprint the thermal history of those 

rocks. Combining these two analytical methods has 

yet to be applied but has the potential to be a robust 

multi-proxy approach for constraining basin thermal 

history in mixed siliciclastic-carbonate basins. 

 

 

This project will use the Cleveland Basin of Northeast 

England as a case study as it comprises a mix of 

carbonate and siliciclastic rocks. Samples will be 

analysed from both onshore petroleum system 

equivalents and from cores from the North Sea.  

 

 

Methodology 
Samples for clumped isotope and apatite fission track 

analysis will be collected from a range of siliciclastic 

and carbonate units within the Cleveland Basin. 

Geological mapping and sedimentary logging of 

onshore sample localities will provide a context for 

further analysis. North Sea cores will be logged in the 

parts sampled. Thin sections will be analysed 

petrographically using optical (including 

cathodoluminescence) and scanning electron 

microscopes at the University of Glasgow. 

 

Following this initial characterisation, the main 

analytical stage of the project will comprise apatite 

fission track and clumped isotope analyses. Fission 

tracks are tiny defects in the mineral structure left by 

the fission of atoms of 238U naturally contained in 

apatite crystals. Over the geological time scale, 

however, tracks are shortened by increasing 

temperature between 60 and 120°C and they are 

completely repaired at higher temperatures. The 60-

120°C range corresponds to the oil window, i.e. the 

temperature interval over which oil matures and 
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becomes commercially exploitable. In these terms, the 

apatite fission track thermochronology informs on the 

suitability of a rock as a source of oil or gas. Apatite 

fission track determination will be performed at the 

fission track laboratory hosted at GES, including the 

newly acquired LA-ICPMS. 

 

Clumped isotope thermometry utilises the 

temperature dependence of the formation of the 

bond between two rare heavy isotopes (13C and 18O) 

within the carbonate molecule; the abundance of 

molecules with 13C-18O bonds is proportional to 

mineral precipitation temperature1,10. Clumped 

isotope values are expressed using Δ47 notation which 

can be calibrated against temperature using carbonate 

precipitated at known temperatures. Clumped isotope 

measurements will be made using gas extraction lines 

and a Thermo MAT253 isotope ratio mass 

spectrometer, hosted at SUERC. 

 

An additional constraint on the findings of pairing 

apatite fission track and clumped isotope analyses will 

be gained from fluid inclusion microthermometry at 

the University of Glasgow. 

 
Timeline 
 

Year 1: literature review on Cleveland Basin and 

analytical methodologies; fieldwork to map, log and 

collect onshore samples; logging of North Sea core 

core; petrographic characterisation. 

Year 2: training in analytical methods; apatite fission 

track analysis; clumped isotope analysis. 

Year 3: apatite fission track analysis; clumped isotope 

analysis; fluid inclusion microthermometry; 

preparation of paper on clumped isotope/apatite 

fission track multi-proxy approach. 

Year 4 (6 months): completion of thesis and any 

outstanding analytical work. 

The schedule will also include presentation at UK and 

international conferences. The timeline is subject to 

variation, and we anticipate significant input from the 

student as the project evolves. 

 
Training & Skills 
This project will equip the student a range of 

analytical and transferable skills which are desirable 

for careers in research or industry. 

Analytical Techniques 

Full training will be given in clumped isotope analysis 

at SUERC. Once accustomed to the sample 

preparation and analysis methodology, the student will 

play a role in the everyday running of the clumped 

isotope lab including preparation and analysis of 

standards; this will give the student experience of 

responsibility in a scientific environment. By 

conducting analysis in the SUERC facility, the student 

will have the opportunity to engage with a 

multidisciplinary range of researchers and potentially 

gain experience in other stable isotope techniques. 

Additionally, the student will work in a group of 

researchers using apatite fission track analysis in the 

School of Geographical and Earth Sciences where they 

will gain full training in this technique as well as fluid 

inclusion microthermometry. In particular, the student 

will have the opportunity to analyse their own 

samples using the LA-ICPMS.  

Researcher Development 

Technical & personal skills development will be 

undertaken with guidance from doctoral advisors and 

within the framework of the DTP Researcher 

Development Statement. Researcher developmental 

training will be provided by IAPETUS and 

supplemented by the University of Glasgow. The 

School of Geographical and Earth Sciences at the 

University of Glasgow (GES) has a large research 

student cohort that will provide peer-support 

throughout the research programme. The scholar will 

participate in the annual post-graduate research 

conference within GES, providing an opportunity to 

present their research to postgraduates and staff 

within the School, and to also learn about the 

research conducted by their fellow postgraduate 

peers. Additionally, skills in NERC’s ‘most wanted’ list 

for PhD student training11 that will be developed 

include multi-disciplinarity, data management, 

numeracy and fieldwork, in addition to principles and 

practice of stable isotope geochemistry, including use 

of vacuum extraction systems and dual inlet mass 

spectrometry. Training and experience in national and 

international conference presentations, and 

preparation and submission of papers to international 

peer-reviewed journals will also be provided.  
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john.macdonald.3@glasgow.ac.uk 

 

 

 

 

 


