Changing dust sources on the Chinese Loess Plateau using heavy minerals

Supervisors: Dr Thomas Stevens, Dr Andrew Carter (Earth-Sciences, Birkbeck)

Chinese loess deposits potentially cover the last 22 million years and record changes in dust storm and atmospheric dynamics in great detail. These processes are controlled by the interactions of the Tibetan-Himalayan orogeny and the Asian monsoon, the largest alpine-plateau and monsoon systems on the planet.  The project aims to utilise novel single-grain techniques to trace dust sources through time and assess the tectonic and climatic mechanisms behind source region changes, at present only poorly understood. The PhD will focus on the analysis of single-grains of heavy minerals to trace the origin and transport histories of loess dust in north central China. Multiple heavy mineral types will be isolated and analysed using multiple techniques including heavy mineral assemblages, U-Pb dating of zircons and isotopic analysis of source diagnostic mineral types (i.e. garnets). The appointed student will conduct laboratory work in both Geography and Earth Sciences at RHUL, as well as at Birkbeck College, with potential to use the facilities at the NERC Isotope Geosciences Laboratory (Prof. Randall Parrish). There is also potential for fieldwork in China as part of the project. 

An annually resolved climate record for MIS 11: Investigating climate forcing during the closest Holocene analogue
Supervisors:   Ian Candy and Adrian Palmer
Marine isotope stage 11 (ca 410,000 yrs B.P.) is considered to be the best climatic analogue for the Holocene. It is now widely recognised that the pattern of orbital forcing that is operating during the Holocene (MIS 1) is most closely matched by the orbital configuration that existed during MIS 11, consequently high precision climate records of this interglacial should allow us to understand recent, current and future climate change in a more detailed manner. Due to the antiquity of MIS 11, however, such records are rare. In this context the lacustrine sediments at Marks Tey represent an internationally important sequence as they contain an annually laminated record through a large part of MIS 11. As well as allowing an annual chronology to be constructed for this sequence, the summer lamination of these varves is represented by authigenic carbonate precipitates. Consequently this sequence has the potential to allow an annually resolved isotopic record for this important climate episode to be constructed. The project will aim to investigate the climatic structure of this interglacial, with the aim of understanding; 1) the overall climatic structure of MIS 11, 2) the duration of the thermal maximum and 3) abrupt climate forcing analogous to episodes such as the 8.2 event. The student will receive training in general sedimentology and geochemistry, developing particular expertise in micromorphology of lacustrine sediments, varve chronology construction and stable isotope and trace element geochemistry.
Ubiquity Analysis of Fossil Beetle Assemblages: A Means of Improving MCR Estimates?
Supervisors:   Scott Elias and Simon Blockley;  expert advisor:  Russell Coope
 

Mutual Climatic Range (MCR) reconstruction of seasonal temperatures has been shown to be a reliable, robust method of palaeoclimate reconstruction based on fossil beetle assemblages. Until recently, efforts to increase the precision of the method have employed a linear regression model to yield more narrowly constrained temperature estimates. However, Bray et al. (2006) have shown that linear regression is inappropriate for MCR calibration, as the method assumes that the data (i.e., the distribution of a species in climate space) are normally distributed. Their  preliminary analyses showed that some species have bi-modal and even tri-model distributions in climate space. Morover analyses of the underlying distribution of climate space also showed that there is a significant bias to median temperature maximum and temperature ranges. This significantly increases the possibility of a bias in MCR temperature reconstructions for Europe towards average ranges.  Bray et al. used Ubiquity Analysis – a method of plotting how commonly a species occurs in various parts of climate space. The proposed PhD project aims to test the Ubiquity Analysis approach.  It will involve a new collection of modern distribution data for predatory and scavenging beetle species found in European Pleistocene assemblages, focusing on improving the geographic accuracy of the Asian distributions of many species.   The results will be used to plot species distributions in climate space using the Ubiquity model, and to test the reliability of modelled output. This will then allow revised MCR temperature reconstructions to be developed for key European sites in the Lateglacial.
Luminescence dating of Neolithic hearths in the Sahara desert

Supervisor: Dr Simon Armitage

The Sahara desert contains widespread evidence for occupation by Neolithic populations. The most abundant evidence is in the form of circular concentrations of burnt stone fragments, generally interpreted as hearths used by Neolithic cattle herders. These hearths potentially provide a rich resource for constructing a chronology for the rise and decline of nomadic pastoralism in the Sahara. However, this resource has not been fully exploited since only 2% of hearths contain dateable carbon and collection of this carbon frequently results in the total destruction of the feature. A pilot study conducted on Libyan material, successfully dated a number of hearths using single-grain optically stimulated luminescence (OSL) dating techniques. This project will build upon the pilot study by exploring two main areas of research. Firstly, it aims to further our understanding of the challenges posed by OSL dating of Neolithic hearths, such as accurate assessment of the environmental dose rate and characterization of the effects of firing upon the luminescence characteristics of quartz. Secondly, the project will explore the duration and spatial pattern of Neolithic occupation of the Sahara.  Fieldwork will be conducted in southern Libya.  
Investigating Late Holocene flood response to changing land-use and climate
Varyl Thorndycraft, Simon Armitage and Ian Matthews

Understanding flood response to changes in catchment land-use and/or climatic variability is an important goal for effective river management as both drivers can influence runoff, sediment delivery and flood quantiles. A further complexity at the reach scale can be internal (autogenic) responses that have been documented to affect channel bed elevation, channel capacity and hence bankfull discharge. This project aims to investigate and quantify the impacts these various drivers have had over recent millennia on reach scale flood hydraulics (e.g. bankfull discharge, stream power and bed shear stress) through a combined stratigraphic and exploratory modelling methodology. The principal study sites will be small river basins in South Devon where the environmental history is well documented through peat archives of climatic variability and archaeological records of human impact. Furthermore, the history of tin mining is well documented since the 12th Century. A range of climate and land-use scenarios can therefore be reconstructed and linked to the sedimentary record of lowland floodplain sites, with particularly well preserved stratigraphic sequences reflecting a range of palaeoenvironments available at the floodplain-estuarine boundary. Geochronological control will be provided by a dating programme of Optically Stimulated Luminescence (OSL), radiocarbon and Bayesian age modelling. This information will be used to undertake exploratory hydrologic (basin-scale) and hydraulic (reach scale) modelling to investigate the impacts of Late Holocene environmental change on flood response. The successful applicant is likely to have a background in physical geography (geomorphology), hydrology or hydraulic engineering with the motivation to carry out a range of methodologies: field geomorphic and stratigraphic mapping; hydrologic and hydraulic modelling; and OSL dating.

Impact of climate variability and land-use change on ecosystem services in semi-arid West Pokot, Kenya
Jay Mistry, Duncan McGregor and Donald Thompson
Major risks and uncertainties surround the extent to which climate variability, climate change and land use changes could modify the hydrological cycle and human livelihoods in the Sub-Saharan Africa semi-arid zone. This project will examine the vulnerability of biological, pedological and hydrological systems to these drivers of change in a marginal agro-ecological situation. The project directly addresses NERC’s Living with Environmental Change programme objectives of assessing the links and feedbacks between the natural environment, ecosystem services and human well-being, and building effective mitigation, adaptation and resilience to climate change. This project will focus on one of the poorest and most deprived districts of Kenya's semi-arid zone, West Pokot, where an already variable climate (low, but spatially and temporally unreliable, rainfall (500-1000 mm per annum)) appears to be changing to greater variability. Observational (by the applicants) and anecdotal evidence over the past 20 years points to increasing land degradation in this Rift Valley hill marginal zone. General deterioration of natural vegetation, increasing evidence of sheetwash erosion and gully incision, progressive abandonment of more marginal farm plots, and generally increased numbers of grazing animals suggests a situation of changing population dynamics within a framework of progressive dryland desertification. Rainfed agriculture is supplemented by traditional irrigation systems, which have latterly fallen into disrepair in many locations. Existing climatic records will be collated and supplemented by TRMM (Tropical Rainfall Mapping Mission) data to establish climatic/climate change parameters. Current land use systems will be documented, and soil samples analysed to interpret the effects of land use systems on soil parameters. Indigenous technical knowledge (ITK) will be explored, and small experimental plots will be set up and monitored to explore a number of ITK-compatible options for increasing agricultural resilience to environmental change. The project will involve a protracted field period in Kenya.
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