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Overview 
 

Understanding the mechanisms involved in past 

climate variability, especially at a regional scale, is 

essential to assessing the dynamic nature and the 

trajectory of climate change. While meteorological 

and satellite data have improved our knowledge of the 

modern North Pacific climate system, regional climate 

responses to large-scale forcing remains poorly 

constrained. Documenting regional responses in the 

North Pacific is essential because they may be 

nonlinear due to complex land-ocean-atmosphere 

feedbacks. Such nonlinear behaviour constitutes a 

major source of climate "surprises" with significant 

socioeconomic and ecological implications. Distinct 

changes in moisture have already been documented 

during the Holocene across Alaska and the Yukon, 

and these have been linked to shifts in large-scale 

atmospheric circulation patterns. 

Using non-glacial lakes, the proposed studentship aims 

to develop a network of proxy diatom oxygen isotope 

records to improve our understanding of regional 

hydrological variability in Alaska. The student will 

reconstruct Holocene climate change using lake 

 

sediments recovered from the Kenai Peninsula, south 

Alaska and from Tanana Valley, central Alaska. This 

palaeoclimate work will be coupled with a modern 

experimental study at Lost Lake in central Alaska to 

gain insights into the isotope systematics of oxygen 

isotopes in diatoms.  Together, this research will be 

used to address research questions over the 

Holocene focusing on the last two millennia, the mid-

Holocene transition and the evolution of climate from 

the deglacial period, onset of the Holocene and the 

Holocene thermal maximum.  

The student will develop two new high-resolution 

palaeoclimate records using the oxygen isotope 
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composition of diatoms (18Odiatom) from the 

sediments of Paradox and Lost Lake. Both of these 

lakes have previously been worked on before, but not 

for diatom isotopes, and the their high biogenic silica 

abundance lends them to being suitable sites for 

generating oxygen isotope records that will be linked 

to atmospheric circulation (open basins fed by 

precipitation).  

 

The motivation for this project comes from recent 

work that highlights the sensitivity of these and other 

regional lakes to seasonal changes in precipitation 

abundance. Southern and central Alaska has been 

chosen because its maritime influenced climate is 

sensitive to changes in the strength and location of 

atmospheric circulation centres, which in turn are 

modulated by climate variability across the North 

Pacific region. This project will contribute to 

understanding the sub-Arctic and Artic system by 

placing recent climate change in the context of mid-

Holocene climate transitions and early Holocene 

climate instability of the last ~15 ka. 

 

 
Methodology 
 

Two field expeditions are proposed across the 

studentship in the summer of 2018 and 2019, and will 

involve modern limnological research and lake 

sediment coring. The key objective of the first field 

season will be to establish a monitoring and sediment 

trap progamme at Lost Lake, in collaboration with 

Prof Mat Wooller, and will require an extended 

research stay at the University of Alaska, Fairbanks. 

Short cores will be collected during this first field 

season to establish diatom oxygen isotopes as a 

hydrological proxy (in conjunction with monitoring 

study) over the last 2000 years. In addition, there will 

be an opportunity to undertake fieldwork with Prof 

Darrell Kaufman’s group in southern Alaska during in 

early Summer 2018. In the second field season, 

additional long cores stretching back through the 

Holocene and deglacial will be taken and integrated 

with previous short cores.  

 

Lake sediment analysis will focus on purifying lake 

sediments for diatom oxygen isotope analysis using 

well established protocols, in additional to more 

traditional sedimentological and geochemical 

techniques (total carbon, organic and inorganic 

carbon, biogenic silica, magnetic susceptibility). 

Chronology for the cores will be established using a 

combination of radiometric dating (210Pb/137Cs) and 

radiocarbon (14C).  

 

 

 

 

 
Timeline 
 

Year 1 

 Review of existing lake sediment records from 

Alaska and the Yukon. 

 Planning and organisation of field expedition 1. 

 Field expedition – Season 1 (May-Sept 2018). 

 Initial proxy analysis of existing short 

sediment cores. 

 Establish 210Pb/137Cs-based chronology. 

 

Year 2 

 Processing and analysis of sediment trap 

samples for diatom oxygen isotopes. 

 Interpretation and synthesis of data from 

short cores to reconstruct environmental 

change over the last 2000 years. 

 Planning and organisation of field expedition 2. 

 Field expedition – Season 2 (Summer 2019). 

 18Odiatom analysis of long sediment cores. 

 Establish preliminary radiocarbon age model. 

 

Year 3 

 Refine radiocarbon chronology. 

 Complete outstanding 18Odiatom analysis. 

 Interpretation and synthesis of data from long 

cores to reconstruct Holocene hydrological 

variability in Alaska. 

 Present results at an international conference. 

 Begin write-up of thesis. 

 

Intended outputs from the PhD are: 

 

1. A reconstruction of hydroclimate over south 

and central Alaska over the last 2000 years. 

2. Post-glacial climate evolution of Alaska based 

on 18Odiatom, and identifying periods of abrupt 

climate response/transition. 

3. An evaluation of the linkages between your 

lake sediment records and wider atmospheric 

teleconnections in the North Pacific and 

Arctic, such as the Aleutian Low and Pacific 

Decadal Oscillation. 

 
Training & Skills 
 

The student will be trained in a broad range of 

palaeolimnological and geochemical techniques. The 

student will receive bespoke training in field skills e.g. 

limnology and sediment coring, and laboratory skills in 

working with lake sediments e.g. core description, 

inorganic geochemistry, sedimentology, and 

chronology.  The student will also have the chance to 

gain experience in preparatory and analytical 

techniques for stable isotope analysis at the CASE 



  

partner – NERC Isotope Geosciences Laboratory. 

They will also be able to attend NERC-recognised 

short courses on stable isotope analysis, radiocarbon 

dating and Bayesian chronological analysis, and 

statistics for geoscientists. 
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