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Overview  

Carbon and sulphur biogeochemical cycles are 

inherently linked and characterised in geologic time 

through the stable isotope signatures of the global 

oceanic reservoir (Gill et al., 2007). The sulphur isotope 

(34S) composition of the ocean is preserved in 

evaporative deposits, carbonate-associated sulphate 

and pyrite. The two major processes that remove 

sulphur from the oceanic reservoir are through 

evaporite deposition and pyrite burial. Sulphate 

precipitation typically has very limited fractionation 

with respect to the reservoir (1–3‰), whereas pyrite 

burial has very large fractionation (10–30‰). 

Palaeo-seawater 34S composition in geologic time is 

not fully established (Gill et al., 2007). The residence 

time of seawater sulphur is long (~12 million years) and 

hence, the 34S value of modern seawater is fairly 

homogenous (+21‰). A stratigraphic record of 

geological 34S would therefore reflect important global 

changes in the sulphur, carbon and oxygen cycles (e.g., 

burial rates of sulphur, weathering rates, pyrite burial, 

pCO2 and pO2 changes). In addition, fluctuations in 34S 

could also be used to stratigraphically correlate sections 

in different basins and marine settings based on the 

long residence time of sulphur; especially in marine 

evaporite deposits since they are biostratigraphically 

difficult to date. 

Fig. 1. Evaporite core samples from the Triassic Murcia 

Mudstone Group, Yorkshire, UK. 

Recently, Bernasconi et al. (2017) produced a high-

resolution evaporite 34S curve across Permian/Triassic 

boundary, and Early and Middle Triassic time periods 

from continental Europe. A preliminary study by Gröcke 

et al. (2019, unpub. data) indicates that the excursions 

reported in Bernasconi et al. (2017) are reproducible in 

a UK Permian–Triassic core from Yorkshire. 

This research project will involve the generation of 34S 

records from evaporite minerals from UK onshore and 

offshore cores available at the British Geological Survey: 



dominantly Permian and Triassic stratigraphic 

sequences. The 34S curves produced in this study will 

provide additional constraints on weathering rates, 

pyrite burial, pCO2 and ultimately pO2 changes in the 

geologic record. Data of this kind is inherent for 

producing more accurate Global Climate Models. 

Methodology 

The student will learn fieldwork and laboratory 

techniques associated with understanding evaporite 

deposition, formation and the sulphur cycle. Stable 

isotope analysis is fundamental to this project and the 

student will become adept at operating a stable isotope 

mass spectrometer and conducting trace element 

analysis. Fieldwork will include trips to the field and core 

repositories to collect samples. This work will be done 

in close collaboration with Shell UK.   

Timeline  

Year 1: The student will do a literature review, training 

courses and explore the borehole database prior to 

visits to the British Geological Survey. Training in 

stable isotope geochemistry will commence in the 

Stable Isotope Biogeochemistry Laboratory (SIBL).  

Year 2: Sample preparation for trace element, sulphur 

and carbon isotope analysis will commence. Thin 

section and sedimentary microscopic analysis will be 

coupled with SEM investigations. Stratigraphic 

relationships of 34S will be compared between basins.  

Year 3: Additional borehole sampling and analysis of 

onshore and offshore sites. Additional work on 

borehole sulphur isotope geochemistry will continue 

and concluded by the end of this year. Modelling of 

the sulphur and carbon isotope records will be 

incorporated. 

Year 4: Final analytical parts to be concluded. Data 

integration, thesis completion, and submission of 

papers to international journals. 

Training & Skills  
Specific to the PhD, the student will acquire experience 

in stable isotope analysis, stable isotope mass 

spectrometry, inductively coupled plasma mass 

spectrometry, sedimentology, SEM, stratigraphy, basin 

analysis and modelling, palaeoceanography, and 

stratigraphic correlation. 

The CDT studentship incorporates a 20-week bespoke 

residential classroom and field-based training 

programme spread out over the first 3 years of the 

studentship. The aim of this training is to broaden your 

understanding of the applications of geoscience and 

provide you with additional skills valued by future 

employers. 

The PhD thesis will comprise of a series of manuscripts. 

As part of training the student will be expected to 

attend and present posters and talks at conferences 

and departmental seminars.  The student will work in a 

dynamic, diverse group environment in the Stable 

Isotope Biogeochemistry Laboratory (SIBL) at Durham.  
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Further Information  
Feel free to contact Dr Darren Gröcke for further 

information, d.r.grocke@durham.ac.uk
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