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Introduction: 

Pseudotachylytes are fine grained, dark rocks that may also contain glass and show an aphanitic texture 
similar to that of some basaltic glasses. Within the structural geology and experimental rock deformation 
communities there is a general agreement that, in the seismogenic crust (to ~15 km depth), these rocks 
result from comminution and localised melting of the country rock due to frictional heating along fault and 
shear surfaces during an earthquake. Sibson (1975) was the first to provide convincing field evidence that 
melting by frictional heating can actually occur in nature during seismic slip. Pseudotachylytes found in 
exhumed fossil fault zones are therefore important as they are often regarded as the sole testimony of 
ancient earthquakes, and their geometry, microstructure and chemistry may provide key information on 
earthquake mechanics and aseismic slip cycles (e.g. Giulio Di Toro et al. 2005). 

Despite their importance, the origin of pseudotachylytes has been the focus of a long-lasting debate (H. 
W. Green II et al. 2015) and their relationship with mylonitic rocks pseudotachylytes are often found 
associated with, is to date not well understood. 

Pseudotachylytes are also found in exhumed sections of the lower continental crust and upper mantle 
(e.g. Menegon et al. 2013). These have been associated with deep earthquakes, but the mechanisms by 
which they form and persist at lower crustal conditions are unclear. It has been suggested that the fine 
grain sizes that often characterize pseudotachylytes, due to devetrification of unstable glass, could favour 
deformation by grain boundary sliding and therefore lead to significant weakening (Drury et al. 2011), and 
potentially to cyclic transitions from frictional sliding to plastic flow. Interestingly, it has also been 
proposed that, at high pressures, pseudotachylytes might not be produced solely by frictional melting 
during earthquakes, but that slow creep could generate a partly-amorphous material much like a 
pseudotachylyte (Pec et al. 2012). Thus pseudotachylytes might not be formed solely during seismic slip. 
 

Project Summary: 

The main goal of this studentship is to investigate and clarify the relationship between the 
pseudotachylytes and associated mylonites observed in active as well as ancient regional fault zones, to 
gain insight into the conditions under which a transition from frictional sliding to plastic flow may occur. 
This will improve our understanding of the processes that control aseismic slip in the earthquake cycle 
and the links between rupture in the seismogenic crust and mechanisms that accommodate deformation 
in the deeper crust. 



 

 

Specific aims are: 

1. To characterize and compare geometry, microstructure and chemistry of pseudotachylytes 
associated with the Cossato-Mergozzo-Brissago and Pogallo Lines (CMBL and PL) in the Ivrea-
Verbano Zone with those of the Alpine Fault Zone of New Zealand; 

2. To study the geometry and distribution of pseudotachylites in protomylonites to ultramylonites, 
cataclasites and gouges and gain insight into how they may favor a switch from brittle to creep 
deformation 

3. To test experimentally the reactivation of deformation in pseudotachylyte-rich natural samples 
and the mechanisms by which this might occur. 

The goals of this project will be achieved through a combination of field work, analytical 
techniques and laboratory experiments. 

Field work in the Ivrea-Verbano zone, NW Italy, will entail detailed geological mapping of small areas and 
targeted sampling where pseudotachylytes are found associated with the mylonites of the CMBL and PL 
(Fig 2). The microstructure and chemistry of samples collected in the Ivrea-Verbano Zone and samples 
from Alpine Fault Zone core (already available in our laboratories) will be analysed using electron 
backscatter diffraction (EBSD) and energy dispersive spectroscopy (EDS) techniques in the scanning 
electron microscope (SEM) as well as X-Ray diffraction (XRD). Experiments will be carried out using a 
Griggs apparatus, under mid to lower crustal P-T conditions. Samples will be prepared by coring 
pseudotachylyte and mylonite bearing rocks in order to test their mechanical behavior upon reactivation 
of the deformation. All experimentally deformed charges will be analysed using EBSD, EDS and XRD. 

Year 1: Field work in the Ivrea-Verbano Zone, NW Italy: detailed geological mapping and sampling; 
analysis of pseudotachylytes in Alpine Fault Zone core samples; conference attendance; Thesis plan 

Year 2: EBSD, EDS and XRD analyses of all samples collected in the Ivrea-Verbano Zone as well as 
Alpine Fault Zone sample; sample preparation for experiments in the Griggs rig; manuscript write-up; 
conference attendance; Thesis plan and write-up; 

Year 3: Griggs rig experiments on natural samples; conference attendance; thesis write-up; manuscript 
write-up. 

   

Fig. 1: A pseudotachylyte and its injection veins in a banded amphibolite from Harold Creek, Alpine Fault, 
New Zealand. 

 



 

 

   

Fig. 2: Mylonites of the Cossato-Mergozzo-Brissago (CMBL) and Pogallo Lines (PL) are often associated 
with pseudotachylytes. 
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