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Abstract

The determination of the maximum temperature achieved by friction melt (Tmelt) in pseudotachylyte-
bearing faults is crucial to estimate earthquake source parameters (e.g., earthquake energy budgets, co-
seismic fault strength) on a geological basis. Here we investigated the mineralogy of a pseudotachylyte 
from the Gole Larghe Fault (Italian Alps) by using X-ray powder diffraction, micro-Raman spectro-
scopy, and EDS-equipped field emission scanning electron microscopy. In particular, we report the 
presence of the hexagonal polymorph of CaAl2Si2O8 (dmisteinbergite) in a pseudotachylyte. Published 
experimental work shows dmisteinbergite can crystallize at 1200–1400 °C by rapid quenching. 
Therefore, the presence of dmisteinbergite in pseudotachylyte could be a reliable geothermometer for 
friction melts for which Tmelt has only as yet been estimated. 
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Introduction

Tectonic pseudotachylyte (solidified friction melt produced 
during seismic slip) is the only fault rock that records unam-
biguously the occurrence of seismic ruptures in exhumed faults 
(Sibson 1975; Cowan 1999). Therefore, pseudotachylytes may 
potentially be used to constrain fault processes and seismic 
source parameters during an earthquake (Sibson 1975; Wenk et 
al. 2000; Hirose and Shimamoto 2005; Di Toro et al. 2005). For 
example, pseudotachylyte-bearing faults retain information on 
the earthquake energy budget (Pittarello et al. 2008) or on fault 
strength during seismic slip (Sibson 1975; Di Toro et al. 2005; 
Andersen et al. 2008) that is out of the range of seismological 
investigations (Kanamori and Heaton 2000). However, to deter-
mine, for instance, the amount of heat produced during seismic 
slip, one poorly constrained unknown parameter is the maximum 
temperature achieved by the friction melt (Tmelt). The difficulty 
in estimating Tmelt arises from the fact that frictional melting is 
a non-equilibrium process (Bowden and Tabor 1950). Based on 
the melting temperatures of the single mineral phases of the host 
rock, it is only possible to estimate the minimum temperature 
of the melt (Spray 1992). Because melts may undergo further 
viscous shear heating during seismic slip (melt superheating, Di 
Toro and Pennacchioni 2005; Nielsen et al. 2008), it follows that 
Tmelt could be higher than temperature estimated from melting of 
single minerals. Pseudotachylytes consist of lithic clasts (i.e., 
grains that survive melting) suspended in glass-like (glass or 
cryptocrystalline to microcrystalline) matrix, which includes mi-
crolites nucleated during cooling of the melt (Shand 1916; see also 
Magloughlin and Spray 1992, Snoke et al. 1998, Lin 2008, and Di 
Toro et al. 2009 for reviews). Given the difficulties highlighted 

above, several methods have been used to estimate Tmelt. These 
include the composition of the glass (Lin 1994a), the mineralogy 
of the newly grown microlites [two pyroxene geothermometer, 
Toyoshima (1990); omphacite-garnet geothermometer, Austrheim 
and Boundy (1994); plagioclase crystallization, Lin (1994b); 
olivine crystallization, Obata and Karato (1995); pigeonite crystal-
lization, Camacho et al. (1995); mullite crystallization, Moecher 
and Brearley (2004); olivine, clino-, and ortho-pyroxene crystalli-
zation, Andersen and Austrheim (2006); the volume ratio between 
lithic clasts and matrix in pseudotachylytes, O’Hara (2001), the 
distribution of microstructures in pseudotachylyte veins, Di Toro 
and Pennacchioni (2004); or commonly, the mineralogy of the 
lithic clasts, Maddock (1983), Boullier et al. (2001)]. Using these 
methods, estimates of Tmelt in natural pseudotachylytes range 
between 750–1750 °C.

Here we have investigated pseudotachylytes from the Gole 
Larghe Fault (Italian Alps, Di Toro and Pennacchioni 2004) using 
X-ray powder diffraction (XRPD), micro-Raman spectroscopy 
(MRS), and EDS-equipped field emission scanning electron 
microscope (FESEM). Using this multidisciplinary approach, we 
have identified unambiguously in a pseudotachylyte the presence 
of the hexagonal polymorph of CaAl2Si2O8 called dmisteinbergite 
(Chesnokov et al. 1990). Dmisteinbergite, although included in 
the feldspar group, is quite different in that it has a phyllosilicate 
crystal structure. Microlites of plagioclase are well known to be 
one of the most common constituents of the pseudotachylytes 
(Shand 1916; Philpotts 1964; Sibson 1975; Passchier 1982; 
Maddock 1983; Macaudière et al. 1985; Magloughlin 1992; Lin 
1994b, 2008; Snoke et al. 1998 for several examples; Shimada et 
al. 2001; Plattner et al. 2003; Caggianelli et al. 2005), but until 
now, no dmisteinbergite has been identified, probably due to the 
analytical techniques applied. Dmisteinbergite was originally * E-mail: fabrizio.nestola@unipd.it


