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Overview 
 

The interior of Canada is a drought-prone region 

that is reliant on grain and livestock production. 

The region is characterized by large changes in 

seasonal temperatures (~35.6C) and relatively 

low rainfall (36.4cm/yr). Little is known about the 

past temperatures in this region before the 

human instrumental measurements that go back 

about 100 years. However, sustained droughts, 

such as the Dust Bowl Drought during the 1930s 

that left crops destroyed and witnessed farming 

income losses >$300 million (USD) have 

occurred historically. Contrary to the typical 

summer dry season that occurs annually here, the 
driest part of the Dust Bowl Drought (1936 AD) 

experienced one of the coldest years on record. 

The global climate mechanism for this and other 

major droughts (i.e., 1978 and 1996 AD) are still 

not fully understood.  

 

The aim of this project is to focus on the past 

1500 years of geologic history to characterize 

known climatic events such as the Medieval 

Warm Period (~900-1200 AD), the Little Ice Age 

(~1500-1800 AD), and the Dust Bowl Drought 

(1930’s AD) and determine the links between 

these events and to global climate drivers. 

 

Environmental Survey 

In this project, the PhD student will develop and 

apply novel lake biomarker temperature proxies 

to this climatically-sensitive region, namely long-

chain algal diols and bacterial membrane lipids 

called GDGTs (glycerol dialkyl glycerol 

tetraethers). He/she will investigate algal-derived, 

long-chain diols whose chain length and structure 

have been shown to 

correlate linearly 

with the growth 

temperature of the 

producing algae, (e.g. 

Rampen et al. 2012). 

He/she will also 

investigate GDGT 

proxies for 

temperature and 

pH. These proxies 

will be investigated 

from a suite of 109 

surface sediments of 

lakes across the 

Canadian prairie that spans a 5° latitudinal 

gradient and spring surface water temperature 

gradient of about 9°C. These samples have been 
collected and are archived in the Biomarkers for 

Environmental and Climate Science (BECS) 

laboratory at University of Glasgow. Existing 
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metadata is available for the comparison of 

developed biomarker indices with modern 

environmental data, including temperature, lake 

water pH, hydrogen and oxygen isotopes, 

conductivity. These 109 samples will be used as a 

training set to develop the biomarker proxies for 

down-core use in this region. 

 

Palaeoclimate Record Development 

The environmental survey described above will 

be used to target one key lake in the region for 

sediment core collection (Summer 2016) and 

application of the biomarker techniques. The 

student will work closely with his/her co-

supervisors, Dr. Jaime L. Toney (University of 

Glasgow) for the LDI proxy development and Dr. 
Emma Pearson (Newcastle University) for the 

GDGT proxy development. A multiproxy record 

will be generated including lithology, basic 

sedimentary parameters (magnetic susceptibility, 

grain size, total organic carbon), and biomarker 

proxies to achieve a high-resolution 

palaeoclimate reconstruction of temperature. 

Both diols and GDGT temperature proxies will 

be developed. These two methods will be used in 

tandem to validate the quantitative temperature 

data and potentially draw out seasonal changes in 

temperature, which may be expected as the algal 

long-chain diol index likely derives from algae that 

are active in the early spring, whereas, the GDGT 

bacterial markers are likely produced throughout 

the summer and until the ground is frozen in the 

mid-autumn. 

 

Understanding Regional Climate Change 

Time-series analysis will be performed on the 

high-resolution datasets to determine if there are 

statistically significant cycles in the patterns of 

temperature and drought. Any significant cycles 

will be cross-correlated with known periodic 

climate phenomena, such as solar irradiance 

cycles, El Niño Southern Oscillation, and the 

North Atlantic Oscillation, to draw out pertinent 

links that may help with climate projections in the 

region. The high-resolution, multi-proxy 

palaeoclimate record will be compared with 
existing peer-reviewed articles and published 

datasets to identify common climate drivers and 

aid in determining climate mechanisms for 

change. 

 

International Collaborator Opportunities 

This project builds on existing collaborative 

research projects with colleagues at the 

University of Regina, Saskatchewan, Canada 

(Professor Peter Leavitt) and the PhD student has 

the potential to extend the algal proxy 

development by collaborating with colleagues at 

the University of Tsukuba, Japan (e.g. Professor 

Yoshihiro Shiraiwa) to isolate and culture the 

precursor organism and perform a culture 

calibration. PhD students in the BECS laboratory 

have successfully participated in the Japanese 

Society for the Promotion of Science fellowship 

schemes in previous years. The opportunity to 

explore more traditional biomarkers from the 

survey and core sediments is also available, such 

as terrestrial and aquatic leaf waxes, bacterial 

hopanes, and sterols. 

 
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 between the University of Glasgow 

and Newcastle University, as well as, with 

international project partners. 

 
Methodology 
 

Sediment Core Collection: 

A Canadian field season will be planned for 

Summer 2016 to core a carefully-selected lake 

using a Livingstone piston corer. 
 

Biomarker Sample Preparation:  

Samples for biomarker analysis will be processed 

using standard protocols developed in the BECS 

and Newcastle laboratories. Instrumentation 

includes Shimadzu GC-MS 2010Plus for fragment 

ion quantification and calculation of the LDI. 

GDGT samples will be run on a Xevo LC-MS and 

GDGTs quantified using MassLynx software. 
 

Radiocarbon and Lead-210 dating: 

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

activity will be measured at SUERC. Terrestrial 

plant macrofossils or charcoal fragments will be 

picked from strategic intervals from the sediment 

cores for radiocarbon dating in the NERC AMS 

laboratory in East Kilbride. 

 
Timeline 
 

Year 1 – Environmental Survey: 

Sept to Dec 2015:  

-Literature review and techniques training. 



  

Jan to June 2016: 

-Processing, analysis, and synthesis of environmental 

samples/data. 

Summer 2016: 

-Field campaign for sediment core collection. 

 

Year 2 – The Palaeoclimate Record: 

Sept 2016 to April 2017: 

-Sampling, core analysis, biomarker analysis. 

May to Nov 2017: 

-Data analysis and synthesis with current literature. 

 

Year 3 – Data Analysis & Thesis Writing: 

Sept to Dec 2017 (continued): 

-Data analysis and synthesis with current literature, 

including liaising with hydrologic modellers and land 

managers via collaborators in Canada. 
 

Note: The PhD student is expected to use existing 

collaborations (e.g. Canada and/or Japan) to spend part of 

their degree abroad. 
 

Jan to August 2018 

-Time devoted to thesis writing and publications. 

 

Year 4 (6 months only)  - October 2018- April 

2019 

-Time devoted to thesis writing and publications. 

 
Training & Skills 
 

The student will be fully trained in organic 

geochemical techniques in Glasgow and Newcastle 

and will have the opportunity to become a member of 

two cutting-edge research groups that apply 

biomarkers to palaeoclimate problems.  

 

Specific skills: 

 Organic geochemistry 

 GC-FID, GC-MS, HPLC-APCI-MS 

 Time-series analysis 

 Relevant statistical techniques 

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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