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Overview 
 

Understanding the sources and sinks of carbon in 

the global carbon cycle and how they change over 

time is key to mitigating the effects of modern 

climate change. In particular, the role of ‘blue 

carbon’, or carbon that is sequestered and stored 

in coastal/marine ecosystems has recently been 

acknowledged as an important carbon sink. In a 

recently commissioned report by Scottish 

Natural Heritage, Burrows et al. (2014) show 

that coastal and offshore sediments are the main 

stores of carbon in Scotland’s marine system. Up 

to 1950 million tonnes (MtC) of organic carbon 

are stored in the top 10 cm of sediment with an 

estimated 7.2 MtC from organic carbon and 

13.97 MtC from inorganic carbon sequestered 

annually.  

 

Given the high sedimentation rates, and thus 

carbon-burial rates in coastal fjords, it is likely 

that Scottish sea loch sediments are an important 
and overlooked sink within the carbon cycle (e.g., 

Smeaton et al., 2016). Carbon in coastal systems 

provides an important link between terrestrial 

and marine carbon sources. Sediment in these 

coastal systems comprise carbon that is lost from 

the terrestrial system (e.g. from soils, peatlands, 

rivers), as well as, from in situ production in the 

marine environment (e.g. phytoplankton, 

macrophytes, maerl). However, a number factors 

need to be resolved to fully understand the 

extent to which these Scottish sea lochs 

sequester and store carbon and what the 

interplay is between the terrestrially-derived 

versus marine-derived carbon, such as: (1) how 

does carbon make its way from the terrestrial or 

marine source into the sediment store; (2) how 

stable is that carbon storage over the long-term; 

and (3) what are the rates of burial?  

 
The aim of this project is to use state-of-the-art 

organic geochemical techniques to characterise 

the origin of organic carbon compounds and 

quantify their fluxes and storage capacity within 

Loch Etive, Argyll, Scotland. As a complementary 

approach inorganic carbon stocks will be 
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characterised and quantified using a combination 

of total carbon and organic carbon content 

analysis, as well as carbon/nitrogen ratios and 

stable isotope analyses of carbon and nitrogen. 

These techniques coupled with seismic surveys 

and sediment core analysis will allow for the 

estimation of long-term organic and inorganic 

carbon accumulation and storage. 

 

Surface Sediment Survey 

In this project, the PhD student will work with 

project partners, Michael Burrows (SAMS) and 

William Austin (St Andrews) to analyse seismic 

transects of the Loch Etive sedimentary basin to 

understand the modern depositional environment 

and potential sediment volume for long-term 
carbon storage. 

 

He/She will characterise and quantify traditional 

(e.g. soil bacterial hopanes, short- and long-chain 

leaf waxes, alkenones) and novel (e.g. algally 

derived, long-chain diols) biomarkers from 

terrestrial and marine origins from a spatial array 

of surface sediments within Loch Etive. The 

biomarker analyses will distinguish spatial 

variations in modern terrestrial and marine inputs 

to the loch and inform interpretations from 

down-core analyses from the sediment archive. 

Biomarker analysis will take place in the 

Biomarkers for Environmental and Climate 

Science (BECS) laboratory at University of 

Glasgow that is fully equipped with state-of-the-

art GC-FID, GC-MS, and GC-IRMS capabilities 

with supervisor, Jaime Toney. Quantification of 

the organic and inorganic carbon will be 

undertaken at the University of St Andrews 

under the supervision of William Austin. The 

student will utilise a newly installed stand-alone 

EA system in conjunction with EA-IRSM to 

characterise the samples. Additional organic 

content analysis and stable isotopes will be 

performed at Durham University in the Stable 

Isotope Biogeochemistry Laboratory (SIBL) with 

supervisor, Darren Gröcke. 

 

 
Long-term Carbon Store Development 

The seismic and surface sediment surveys 

described above will be used to target key 

locations within the loch for sediment core 

collection (Summer 2018) and application of the 

carbon analysis techniques on a 210Pb and 

radiocarbon-dated sediment core. The student 

will work closely with his/her co-supervisors and 

project partners, to generate a comprehensive 

record of organic and inorganic carbon storage 

and changes in long-term storage through time. 

These data will be used to calculation the organic 

and inorganic carbon storage potential of the 

Loch Etive basin in the past and with projections 

for the future. 

 

Contextualising the Broader Significance 

The PhD student will work closely with project 

partner, John Baxter, from Scottish Natural 

Heritage throughout the project to ensure that 

the research aims and outcomes are in line with 

the strategic priorities for developing knowledge 

of Scotland’s coastal/marine environments as 

sources and sinks of carbon and the implications 
of different activities and pressures for their 

protection. 

 

Who Should Apply? 

We are keen to attract a self-motivated and 

enthusiastic PhD student who is capable and 

driven to explore the numerous resources and 

tools available among the Universities of Glasgow, 

Durham, and St. Andrews, as well as, with those 

at Scottish Association for Marine Science and 

Scottish Natural Heritage. 

 
Methodology 
 

Sediment Collection and Seismic Survey: 

The project will initially utilise archived samples 

held at the University of St-Andrews/SAMS. The 

archive currently holds an extensive collection of 

surface samples (>50) and an array of short 
(<1 m) and long core (>1 m) from loch Etive. 

This will be supplemented through a target 

sampling campaign (Summer 2018) based on 

initial analysis of archived samples and the existing 

seismic profiles and high resolution bathymetry. 

Further sampling of the catchment and water 

column will be undertaken to characterise these 

local environments.  
 

Biomarker Sample Preparation:  
Samples for biomarker analysis will be processed 

using standard protocols developed in the BECS 

laboratory. Instrumentation includes: Accelerated 

Solvent Extrator (ASE300), Agilent 7890B GC-

FID, Agilent GC coupled to a 5977A MSD, and 

Agilent GC coupled to an IsoPrime100 isotope 

ratio mass spectrometer. 
 

Inorganic carbon and Isotope Prep: 



  

Both organic and inorganic carbon will be 

quantified using a stand-alone elemental analyser 

(Elementar Vario EL) at the University of St-

Andrews. Further isotopic (δ13C and δ15N) 

characterisation of the samples will be 

undertaken performed in SIBL using a Costech 

elemental analyser and DeltaV Advantage isotope 

ratio mass spectrometer. 
 

Radiocarbon and Lead-210 dating: 

Short-lived radioisotopes (210Pb, 241Am, 137Cs) 

activity will be measured at SUERC. Terrestrial 

plant macrofossils, charcoal fragments and shells 

will be picked from strategic intervals from the 

sediment cores for radiocarbon dating in the 

NERC AMS laboratory in East Kilbride. 

 
Timeline 
 

Year 1 – Surface Sediment Survey: 

Sept to Dec 2017:  

-Literature review and techniques training. 

Jan to June 2018: 

-Processing, analysis, and synthesis of existing 

samples/data. 

Summer 2018: 

-Field campaign for sediment core collection. 

 

Year 2 – The Down-core Record: 

Sept 2018 to April 2019: 

-Sampling, core analysis, biomarker and inorganic 

carbon analysis. 

May to Nov 2019: 

-Data analysis and synthesis with current literature. 

 

Year 3 – Data Analysis & Thesis Writing: 

Sept to Dec 2019 (continued): 

-Data analysis and synthesis with current literature, 

including liaising with SNH Project partner to 

contextualise developing findings. 

 

Jan to August 2020 

-Time devoted to thesis writing and publications. 

 

Year 4 (6 months only) - October 2020- April 

2021 

-Time devoted to thesis writing and publications. 

 
Training & Skills 
 

The student will be fully trained in organic 

geochemical techniques in Glasgow, inorganic and 

isotopic techniques in Durham, marine sampling and 

sedimentation via St Andrews and SAMS and will have 

the opportunity to become a member of a number of 

collaborative, cutting-edge research groups that apply 

a wide range of techniques to modern environmental 

and palaeoclimate problems. The student will also 

have the opportunity of gaining first-hand experience 

of translating science into policy advice through 

working with SNH. 

 

Specific skills: 

 Organic and inorganic geochemistry 

 GC-FID, GC-MS, GC-IRMS, EA, IRMS 

 Relevant statistical techniques 

 Age Depth Modelling  

Professional Transferable Skills: 

A full range of transferable skills training is accessible 

to the student through IAPETUS specific provision 

and the University of Glasgow. Example courses 

include: 

 Media Training 

 Insights to industry 

 Leadership skills 

 Conference skills (e.g., networking, poster and 

oral presentation skills) 

 Grant writing 

 CV workshop 
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