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Introduction:  

Fluid migration through the middle and lower crust controls the transport of economically important base 
metals, the supply of fluids to major fault zones potentially leading to weakening of plate-boundary faults 
in the upper crust, and the strength of the lithosphere in general. Little is known about the flux of fluids 
through the middle and lower crust; how it is achieved and the role of deformation in promoting fluid 
movements. This project will focus at the role of mica-bearing shear zones in the middle and lower crust 
using field and laboratory techniques.  

Many large fault zones around the world contain some proportion of micas at middle and lower crustal 
depths. One such example is the Alpine Fault Zone in New Zealand, where sequences of fault rocks are 
exhumed from depth and clearly show mica-rich mylonites. Few experimental data on the rheology of 
mica-rich rocks at high pressure and temperature exist. Of the few studies made, Mariani et al. (2006) 
showed that during the experimental deformation of mucovite and biotite some dilatancy occurred, even 
at the highest temperatures and pressures, and lowest strain rates. The role of this component of 
dilatancy in permeabiity enhancement has never been investigated, but could be very significant for the 
migration of fluids. 

Understanding the flow of fluids will give insight in how mineral deposits form under mid-crustal levels, for 
example many large copper deposits are hydrothermally transported and appear to be associated with 
significant shear zones such as the West Fault (Falla Oueste) that runs through Chuquicamata copper 
mine – until recently the largest in the world. Also the supply of fluids to upper crustal, brittle faults leads 
to extensive CO2 degassing in the case of central Italy that may be responsible for driving seismicity 
(Miller et al. 2004). For other plate boundary faults, for example the San Andreas Fault in California, the 
flux of fluid at the base of the brittle crust may lead to long-term weakening of the fault (Faulkner and 
Rutter 2001). 

 

 

 

 

 

 

 

 

 

Figure 1. The Alpine Fault Zone in New 
Zealand at Gaunt Creek. The fault dips at 
~45 degrees to the left, with the Pacific Plate 
to the left and Australian Plate to the right. 



 

 

Project Summary  

The project aims to use field examples from the Alpine Fault in New Zealand and potentially other field 
localities, to characterise the nature of mica-bearing shear zones exhumed from the middle crust. 
Detailed field mapping and microstructural work will identify and differences between protolith and shear 
zone that may indicate the passage of fluids preferentially through the shear zone. Controlled triaxial 
deformation experiments at high pressure and temperature of mixtures of mica and calcite will identify 
grain-scale processes that may enhance the permeability of mica-bearing shear zones. We have recently 
developed new equipment and techniques in the laboratory in Liverpool to shear these aggregates at 
temperatures up to 750°C while simultaneously measuring permeability. 

While the project will involve working with high-pressure, high-temperature deformation apparatus, no 
prior knowledge of these machines is required and all training in the techniques used to conduct these 
types of experiments will be given. However, a student with an enjoyment of practical, hands-on activities 
would be an advantage. The project will also include a microstructural component, as the natural samples 
and products of the experiments need to be microstructurally analyzed.  

Students with a strong background in geology or geophysics are encouraged to apply.  

 

 

 

 

 

 

 

 

Figure 2. One of the high-
pressure high-temperature 
triaxial deformation 
apparatus in Liverpool. The 
Rock Deformation Laboratory 
is one of the best equipped in 
the world and at the forefront 
of technical developments n 
order to perform new and 
novel experiments. 
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