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Introduction: 

In first order descriptions of lithospheric strength, brittle processes (fracturing, frictional sliding) control 

the strength of the upper crust but as pressure and temperature increase with depth plastic 

deformation processes take over (e.g., Kohlstedt et al., 1995). This simple depth separation of 

deformation styles is, however, being increasingly refined as we develop a better appreciation of the 

wide variety of ways in which fracturing and plastic deformation processes can interact. For example, 

the fast propagation of the rupture front during a shallow earthquake may lead to an abrupt 

temperature rise with accompanying fragmentation/mineral decomposition to nano-grain sizes which in 

turn allows high temperature plastic deformation processes to control the frictional strength of the fault 

(e.g., Spagnuolo et al., 2015; De Paola et al., 2015; Green et al., 2015). 

Key to understanding how fracturing and plastic processes interact is knowledge of the local stress state 

within the microstructure. In polycrystalline materials, grains of different orientation and mineral phase 

are at different stresses during deformation and this concentrates stresses in the grain boundary 

regions. Grain boundaries also present barriers to many of the processes that accommodate plastic 

strain (e.g., dislocation motion, twin propagation) and so stresses are further concentrated there when 

these processes are active. Hence grain boundaries are the places where interactions between 

fracturing and plasticity are focused. Deformation experiments can be used to examine the nature of 

these interactions and their influence on sample strength if it is possible to monitor the stresses in 

differently oriented grains and different mineral phases within the sample during the experiment. 

Examination of the deformation microstructures after the experiment provides further insight into the 

active deformation processes and the residual stress state of the sample. Constraints on the mechanical 

significance of the grain boundaries are obtained by performing the experiments on samples with 

different grain size. 

Assessing the interactions between high temperature plastic processes and simultaneous intense grain 

size reduction is complicated by rapid sintering or recrystallization of the microstructure. In this scenario 

it becomes important to constrain the extent and intensity of the zones of damage within the 

microstructure, and to have knowledge of the kinetics of the sintering/recrystallization processes. Both 



 

 

may be obtained from chemical maps of the microstructure if the processes involve redistribution of 

some identifiable chemical species. 

Project summary 

The aims of this study are to examine, using experiments, 

(1) the influence of plastic deformation processes on the onset of fracturing in calcite+dolomite rocks,  

(2) the kinetics of sintering and recrystallization in dolomitic carbonate samples. 

There will be fieldwork to collect samples for the experiments, and then subsequently to explore the 

implications of the experimental results for the evolution of frictional properties during seismic slip 

(earthquakes) on faults within the limestones of central and northern Italy. 

The first of these aims will be addressed by performing mechanical tests within two of the neutron 

beamlines (POLARIS and ENGIN-X) at the UK neutron source (ISIS Facility, www.isis.stfc.ac.uk). One set 

of tests will monitor the change in stresses and associated mechanical damage within the calcite and the 

dolomite during thermal cycling. A second set of tests will monitor the change in stresses within these 

phases during loading at constant temperature. In this set of tests the processes responsible for the 

deformation may be identified by simultaneously monitoring the stresses in differently oriented grains 

(Covey-Crump et al., 2013; 2017). Experiments will be performed on samples with different proportions 

of calcite and dolomite. As a complement to these experiments, elastic strains and residual stresses will 

be evaluated using electron backscatter diffraction (EBSD) techniques. 

The second experimental aim will be addressed by (a) sintering carbonate powders at high temperatures 

and pressures and monitoring the rate of pore volume reduction with time, and (b) examining the 

uptake of Mg during calcite recrystallization (for the experimental approach see McCaig et al., 2007). 

Since the uptake of Mg will be over small length scales, electron microprobe chemical imaging at micron 

scales will be supplemented with nanoscale imaging at 50 nm resolution using the nanoprobe beamline 

I14 at Diamond Light Source (http://www.diamond.ac.uk ). 

Although the project is the field of structural geology, we encourage applications from students with a 

strong background in any physical science/engineering discipline. 

 

 



 

 

 

Image 1 – Onset of elastic and permanent twinning seen in the  change in unit cell size during 
loading of Carrara marble at 200°C  

 

Image 2 - Interaction of twins with grain boundaries in Carra ra marble experimentally deformed at 
420°C 
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