SAGES PhD Studentship; Rinterknecht, Elliot, Austin, Benn.

Tracking the last glacial termination deep into the Holocene in central western Scotland using marine sediments records and land-based records
Supervisors: Vincent Rinterknecht (vr10@st.andrews.ac.uk), Mary Elliot (mary.elliot@ed.ac.uk). Co-supervisors: William Austin (wena@st-andrews.ac.uk), Douglas Benn (Doug.Benn@unis.no).
Background

Centennial- to millennial-scale climate variability is now recognized as a prominent characteristic of the global climate both during times of large northern hemispheric ice sheets and during times of deglaciation, suggesting either increased sensitivity of the climate system to the presence of large ice sheets or a mechanism by which former ice sheets directly forced global climate change.  Identifying the relationship between ice sheet behavior and climate change thus remains a critical objective in understanding the specific role played by ice sheets in centennial- to millennial-scale climate change.
Abrupt climate variability has been recorded in numerous proxies around the North Atlantic region during the last deglaciation and during the Holocene.  In marine sediment records the proxies include sea surface temperatures (SSTs) and IRD that help identify the temporal relationship between perturbation of the thermohaline circulation and climate change.  The land-based records such as moraine sequences (using surface exposure dating) and key stratigraphic units (using radiocarbon dating) offer the possibility to directly identify periods when the ice margin was advancing, retreating, or stationary during climate change.  To this end, both marine and terrestrial records are complementary as they provide important information about the dynamics of climate change and the dynamics of the ice sheets.

Because central western Scotland lies in an area that is sensitive to the North Atlantic climate change, a reasonable hypothesis is that oscillations of the British Irish Ice Sheet (BIIS) margin occurred in response to the deglacial North Atlantic climate oscillations.  That such a response occurred is clearly demonstrated by the well-known Loch Lomond stabilization or readvance of the generally receding ice cap margin that formed prominent moraines in Scotland.  We thus propose to test the hypothesis that oscillations of the the BIIS margin and subsequent ice cap margins recorded by the Wester Ross and the Loch Lomond moraines in central western Scotland similarly represent responses of the ice sheet margin to North Atlantic deglaciation.

We propose to develop an integrated marine-land research project to improve the chronology of the last deglaciation in central western Scotland in order to further evaluate the relationship between ice margin fluctuations and climate change.
Techniques, approaches and work to be undertaken

1. Development of SSTs time series on key paleo-temperature proxies (faunal assemblages, stable isotopes and possibly development of Mg/Ca technique, in addition to radiocarbon dating and identification of horizon marker such as tephra horizons) in deep sea (MD-95-2006, to resolve the North Atlantic climatic background signal) and in shallow (MD95-2007, to resolve the regional/local climate signal) sediment cores.
Work: collect and prepare samples in readily available (U. of St Andrews) sediment cores (under the supervision of Elliot/Austin).
2. Development of a direct chronology of the retreat of the BIIS from the Wester Ross moraine to the final disappearance of the Loch Lomond ice cap (in Glen Drynoch on Skye using 36Cl and in Glenelg, central western Scotland using 10Be).  

Work: collect samples in the field and prepare the target material for surface exposure dating (under the supervision of Rinterknecht/Benn).
Training

The student will be provided full training in the field (on land), in laboratories (U. of St Andrews, U. of Edinburgh, and SUERC-CIAF) and in analytical techniques to complete his/her PhD.
Facilities/expenditure

All facilities are in place to conduct all aspects of the project.  Analytical labs are running at the U. of St A. and the U. of E. to collect and treat samples for SSTs reconstruction.  Labs are running at the U. of St A. and at the SUERC facilities for preparation and analysis of the rock samples.  The £2K/year allocated to research cost will only partially cover the sample analysis cost.  External funding will be asked from the NERC-RCL-SC to constrain the sediment core chronology.  In addition, funding will be asked from the NERC-CIAF-SC for wet lab sample chemistry and sample AMS analysis.  The CIAF is welcoming students to work in their labs.

Summary of the project
Located in central western Scotland the project will develop the deglacial sequence of the last regional ice cap as well as time series of paleo-temperature derived from sediment cores.  Together, these records will improve our understanding of the relation between the dynamics of climate change and the dynamics of the ice sheets.
How does the project link with the stated objectives of the themes (1 and 3)
This project’s aims are to develop: (1) the deglacial sequence of the last regional ice cap in central western Scotland, (2) time series of paleo-temperature from sediment cores retrieved in a region sensitive to the North Altlantic deglaciation.  First, by developing a direct chronology of the retreat of the last Scottish ice cap the project will investigate the dynamics of the ice cap along one of its formerly most active margins.  The newly generated boundary conditions will provide critical constraints for ice sheet dynamics models.  Second, by developing paleo-temperature time series in a region that is sensitive to the North Atlantic climate change the project will investigate the regional response to the North Atlantic climate variability signal.  The newly developed times series will be used to improve ocean general circulation models.
Above all, the project will bridge SAGES themes 1 and 3 thematics by developing our understanding about the interaction between the land and ocean/atmosphere systems.  Climate models increasingly incorporate the cryosphere including large continental ice sheets and ice caps as their impact on the climate is now widely acknowledged.  By developing new integrated regional paleo-climate records on land and offshore the project will further develop our understanding of the specific role played by the Scottish ice sheets in centennial- to millennial-scale climate change.  The results will provide boundary conditions for ice sheet dynamics as well as critical ocean sediment data recording paleo-climate variability.  As such, the results will be important to validating ice sheet and climate models which address the origin of centennial- to millennial-scale climate oscillations.

