SAGES PhD studentship proposal                         
Bendle, Cottier, Austin, Howe (Nov 2007)

Palaeoclimate reconstructions from Arctic and Nordic shelf seas: development and application of multiple proxies. 
Lead: J Bendle: Organic geochemistry and compound specific isotopes (University of Glasgow and Scottish Universities Environmental Research Centre). http://www.ges.gla.ac.uk:443/staff/jbendle
2nd: F Cottier: Physical processes and oceanography (Scottish Association for Marine Science).
3rd: W Austin: Stable isotopes/Benthic assemblages/Carbonates (University of St Andrews).
4th: John Howe: Sedimentology

Project partners: Prof JT Andrews and Dr A Jennings (INSTAAR, Boulder, Colorado). 

Background
Up to half of the dense water that renews North Atlantic deep waters (the return flow of the meridional overturning circulation, MOC) is formed through dense water generation in the Arctic. At present, little is known about the processes which control dense water produced on the vast Arctic shelves. Even less is known about the variability of dense water production,  sea-ice cover and other oceanographic parameters over the course of the last few thousand years. Thus, because of the scarcity of palaeoceanographic records, and because the natural variability of the Arctic is large compared to other regions, it is difficult to place recent and future Arctic environmental change into the proper context of natural Holocene variability. Moreover recent work suggests that the Holocene climate evolution in the Nordic Seas and Arctic was more complex than previously suggested; characterised by east – west heterogeneity (and even anti-phasing) in sea-surface temperature changes. The processes driving this heterogeneity may include: changes in atmospheric circulation modes (analogous to the North Atlantic Oscillation, but operating at the millennial scale) and the influence of the MOC. A studentship focused on Arctic palaeo conditions will help elucidate the complex the history of Holocene Arctic and Nordic Seas climate and disentangle natural variability and human activities as drivers of environmental change. This is a key aim of SAGES Theme 3.
Techniques, Resources and Objectives
Most proxy records are concentrated in the mid- to low-latitudes; far fewer records are available from the sub-polar and polar environments. However, recent advances in biomarkers, microfossil, isotopic and sediment grain size techniques mean that there are now available a number of proxies which can be applied to reconstruct climate variables from Arctic shelf sediment cores. This PhD project will examine the link between distribution of these proxies and modern environmental parameters in the Arctic and will refine their palaeoceanographic application. The student will join Arctic research cruises (UK and Norwegian) to collect new sediment core and water column samples. They will have access to Arctic data and sediment material collected and archived since 2002 at SAMS; as well as pan-Arctic core samples obtained using the contacts of supervisors and material available in core repositories. Spatial variability of Arctic/Nordic Seas palaeoceanography will be explored through analysis of high time resolution sediment cores already recovered from East Greenland (e.g. IMAGES cores from the Nansen fjord and trough) and the North Icelandic Shelf (e.g. various cores held by INSTAAR and BOSCOR) and cores due to be recovered in 2008 from the shelf seas of north Norway, Svalbard and the Fram straight. The objectives are to:
· Investigate the distributions of novel biomarkers (for example IP25 and %C37:4) in the Arctic and their calibration with SST, SSS and ice-cover.
· Reconstruct changes in the parameters, including, seasonal ice cover, SST, SSS and productivity in Arctic/Nordic Seas shelf sediment cores (see above), using biomarkers and other relevant proxy records (e.g. Dinocysts, δ18O, bivalve and benthic foram assemblages).  
· Investigate the past occurrence of dense water cascades, using sediment physical properties.
Ultimately the student will produce high resolution proxy records with which they will be able to address questions and hypotheses concerning, inter alia:
· The link between Arctic and Nordic Seas climate variability and factors such as meridional overturning circulation (MOC) of the north Atlantic, solar cycles and atmospheric circulation modes.
· The role of marginal Arctic shelf seas in the carbon cycle. 
Training
The student will receive extensive training in: organic geochemical, isotopic and chronological techniques (Glasgow and SUERC); physical oceanography, core-logging and sedimentology (SAMS), stable isotope analysis of carbonates and water (St Andrews). The student will have the opportunity to visit the Institute of Arctic and Alpine Research (INSTAAR) at the University of Colorado, USA, to receive training and to sub-sample sediment cores from east Greenland and the North Icelandic shelf with collaborators (JT Andrews and A Jennings). The student will also participate in oceanographic research cruises, conferences and meetings.
Notes on Resources
The student will participate in obtaining new Arctic shelf sediment cores and water column/sea surface water samples on the 2008 RRS James Clark Ross cruise to the Nordic Seas/Svalbard/Fram Straight and the initial focus of the project will be on those samples. Sediment material is already available and has been collected and archived since 2002 at SAMS. Further Arctic core samples are available through the project partners at INSTAAR and from international core repositories.
Laboratory/Analytical resources: The student’s primary laboratory will be within the newly established organic geochemistry group based in the Department of Geographical and Earth Sciences at the University of Glasgow and SUERC. 
The student will have access to:
Molecular organic geochemical methods (under supervision of JB at GES, University of Glasgow): Samples will be extracted and separated into compound class fractions (e.g. hydrocarbon, aromatic hydrocarbons, aldehydes/ketones and alcohol/sterols) using established methods.
GC-FID, GC-MS (under supervision of JB at GES, University of Glasgow): For all samples GC-FID (Gas chromatography - Flame Ionisation Detection) will be used to quantify the abundances of select compounds. Gas chromatography – mass spectrometry (GC-MS) will be used, when required, to confirm compound identities. 
LC-APCI-MS (under supervision of JB and Tony Fallick at SUERC, East Kilbride): Samples will be analysed by liquid chromatography-atmospheric pressure chemical ionisation – mass spectrometry for the investigation of tetraether lipids. LC-APCI-MS is a cutting edge technique and archaeal/bacterial tetraethers are ubiquitous in marine surface sediments, lakes and soils and appear to have great potential for biogeochemical applications, including as proxies for water temperature (TEX86) soil temperature (MBT) and pH (CBT) in marine and terrestrial (lacustrine) environments.
         GC-IRMS for δ13C (under supervision of JB and TF at SUERC, East Kilbride, UK): Gas chromatography – isotope ratio mass spectrometry will be used to determine compound-specific delta-13C values of lipid biomarkers. 
In addition the student will be trained in dating techniques at SUERC, will have access to a core-logger and particle size counter at SAMS and will be able to perform inorganic stable isotope analysis (C, H, N, O and S) at St Andrews using a Finnegan Delta Plus XL mass spectrometer.
Link with SAGES theme 3. 
A key aim of SAGES T3 is to constrain the Earth’s sensitivity to change as recorded in palaeoclimatic archives (such as ocean sediment cores). Moreover, a major focus of SAGES research is to address the North Atlantic ocean currents and their importance in the global climate system. Clearly by aiming to constrain the key drivers of past changes in Arctic ocean/Nordic Seas SST, SSS and dense water formation this project would contribute to our understanding of the North Atlantic ocean-atmosphere system and its sensitivity to past and future change. 
This project is a genuine collaboration between four institutes in Scotland and one in the USA. Some pre-existing links (SAMS – St Andrews), (Bendle – INSTAAR), some new links (Glasgow – SUERC – SAMS) and significantly between two early career lectures (Bendle – Cottier).
Summary (<40 words). The student will investigate and apply organic and inorganic geochemical proxies to marine sediment cores to reconstruct histories of Arctic palaeoceanographic change. This will help place recent and future Arctic environmental change into the context of natural Holocene variability. 
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