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Heitt Mjolnir: an internally heated triaxial rock deformation
apparatus for operando experiments at up to 573 K at Synchrotron
imaging beamlines

Damien Freitas', lan Butler', Stephen Elphick’, James Gilgannon', Roberto Rizzo?, Oliver

Pluemper?, John Wheeler?, Christian Schlepuetz®, Federica Marone®, and Florian Fusseis'
'"The University of Edinburgh, School of Geosciences, Edinburgh , United Kingdom of Great Britain - England, Scotland,

Wales (damien.freitas@ed.ac.uk)

Department of Earth Sciences, University of Florence, Via La Pira 4, 50121, Florence, IT

3Department of Earth Sciences, Utrecht University, Budapestlaan 4, 3584CD Utrecht, NL

“Department of Earth, Ocean and Ecological Sciences, University of Liverpool, 4 Brownlow Street, Liverpool L69 3GP, UK
>Swiss Light Source, Paul Scherrer Institute, Forschungsstrasse 111, 5232 Villigen PSI, CH

The 3™ and 4™ generation of synchrotron light sources with their high brilliance, fluxes and beam
energies allow the development of innovative X-ray translucent rock deformation apparatus that
maximise these capabilities. Following on from the development of the Mjolnir triaxial
deformation rig (Butler et al., 2020), we present an upscaled design: Heitt Mjol/nir, covering a
wider temperature range and larger sample volume while operating at similar pressure, enabling a
wide range of time-resolved investigations. This device is designed to characterise coupled
hydraulic, chemical and mechanical processes, occurring at various temperatures, from the um to
the centimetre scale in cylindrical samples of 10 mm diameter and 20 mm length. Heitt Mjolnir
can simultaneously reach confining pressures of <30 MPa (hydraulic), 500 MPa of axial stress while
the sample’s pore fluid pressure is controlled in a dedicated fluid channel and can reach 30 MPa.
This apparatus has an internal heating system and is able to reach temperatures of 573 K in the
sample with a minimal vertical thermal gradient of <0.5 K/mm. This portable and modular device
has been successfully deployed in operando studies at TOMCAT (SLS) and 112 JEEP (DLS) beamlines
for 4D X-ray microtomography with scan intervals of a few minutes. Heitt Mjolnir allows the 4D
characterisation of low-grade metamorphism, fluid-rock interaction and deformation processes. It
enables spatially and temporally resolved fluid-rock interaction studies at a wide range of
conditions and, by covering most geological reservoirs, will be particularly valuable for geothermal,
carbonation or subsurface gas storage research.
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