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Crustal extrusion during the Himalayan orogeny
Nigel Harris, Tom Argles, Sarah Sherlock (OU), Randall Parrish (NERC Isotope Geosciences Laboratory) and Saibal Gupta (IIT, Kharagpur)

Proposed CASE award between the OU and NIGL
· Fieldwork in the Eastern Himalaya (Sikkim)
· Training in petrography, thermobarometry and geochronology of metamorphic rocks

· Combining diverse datasets to assess tectonic models for India-Asia collision

Mapping out the large-scale architecture of major mountain belts gives us vital clues about how they have been assembled during continent-continent collisions1. However, to construct – or challenge – models for mountain building successfully, we need to track key rock units in space and time. Information on the differing pressure-temperature-time (P-T-t) histories of various crystalline units from the orogenic core is crucial in determining whether mountain belts constitute an orderly mosaic of tectonic slices separated by simple thrust faults, or a more complex array of units with diverse histories and shifting boundaries. Placing time constraints on critical portions of those pressure-temperature histories is an essential part of assessing the validity of competing orogenic models.

The Himalaya have been traditionally mapped as a series of lithotectonic units bounded by east-west trending thrust or detachment faults1. Recent models have proposed that the high-grade metamorphic core represents the leading edge of a weak, low-viscosity channel extruding southwards from the Tibetan lower crust2. Extrusion is partly driven by focused erosion, so evidence for this model is most likely to be found in the eastern Himalaya where monsoon precipitation is most intense3. This suite of thermomechanical models makes specific predictions about the P-T-t evolution of different rock units within the mountain belt, such that detailed P-T-t paths derived from critical lithologies can be used to test the validity of the models directly, and assess their viability in comparison with competing models of India-Asia collision (e.g. critical wedge theory; shear heating; progressive thrust propagation).
Fieldwork in Sikkim, in collaboration with Dr Saibal Gupta (IIT Kharagpur), will involve sampling rocks suitable for textural, geochemical and geochronological analysis, focusing on rocks either side of important tectonic contacts to highlight contrasts in the evolution of different tectonic units. Petrographic analysis of selected samples will identify targets for analyzing mineral chemistries in situ using the Cameca SX100 electron microprobe at the Open University, and data obtained by this technique will allow modelling of the P-T paths of samples using the programme THERMOCALC4. Reconnaissance scanning of the same samples using the cathodoluminescence capability of the microprobe will direct in situ geochronological analysis to be performed at NIGL. Accessory phases such as zircon, monazite and allanite will be targeted for U-Th-Pb dating by LA-MC-ICPMS, preserving the spatial context of the dated grains so as to build a robust timeframe for the metamorphic history. Finally, micas from the same samples will be dated using the laser Ar-Ar system at the Open University to pinpoint the exhumation of each rock unit towards the surface, allowing estimation of exhumation rates and yielding information on the relative contributions of various processes involved in the uplift and cooling of rocks towards the surface. Integrated P-T-t trajectories will be compared with the predictions of a range of thermo-mechanical models for Himalayan orogenesis to assess their validity, and evaluate differences between tectonic modes.

The Department has a thriving postgraduate community and the post graduate training programme provides a full range of courses covering: research techniques, scientific methods, information technology, communication and interpersonal skills, which are tailored to the needs of each student.
If you would like to apply or discuss this project, please contact the supervisors either by e-mail n.b.w.harris@open.ac.uk or by writing to the address above enclosing a full academic CV and the names and addresses of three academic referees.
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