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Catastrophic events such as earthquakes, tsunamis, and landslides are often associated with 

large coseismic slip localized to relatively thin slip zones. During seismic slip, the accumulated 
frictional heat tends to drive thermally activated physical and chemical processes within the slip zone. 
At shallow crustal depths, water-saturated clay-rich gouges are common components of fault slip 
zones. Therefore, recognition of slip zone within clay-bearing fault zone and understanding its 
strength and frictional behavior, and the associated thermally triggering mechanisms, are critical to 
earthquake physics and seismic hazard assessment. 

The Chelungpu fault ruptured northward along a segment of approximately 90 km due to the 
1999 Mw 7.6 Chi-Chi earthquake. Subsequently, the Taiwan Chelungpu Fault Drilling Project (TCDP) 
was initiated to investigate and penetrate the active fault zone. Through the integration of 
mineralogical, microstructural, chemical, and magnetic evidence, the principal slip zones (PSZ) in 
the TCDP-A and TCDP-B boreholes were identified (Ma et al., 2006; Ishikawa et al., 2008; Boullier 
et al., 2009; Kuo et al, 2009; Chou et al., 2012). These zones exhibited evidence of both frictional 
melting (up to 1000˚C) and thermal pressurization (< 300˚C) of clay gouges from the 1999 Chi-Chi 
earthquake (Boullier t al., 2009; Kuo et al., 2011). 

In order to understand the mechanisms that triggered these phenomena within the slip zone, 
rotary shear rock friction experiments were conducted on water-saturated TCDP fault gouges at 
depths corresponding to expected seismic slip depths. The experiments involved shearing the gouges 
at 1 m/s with a normal stress of 10 MPa under various conditions including fluid-drained, fluid-
undrained, and pore-pressure controlled conditions. The results indicated dynamic weakening 
behaviors in all conditions, albeit with differing peaks and steady-state values of the friction 
coefficient. 

Following the experimental seismic slip on the TCDP gouges, it was observed that frictional 
melting of gouges could occur after the cessation of thermal pressurization in fluid-drained 
experiments, similar to the characteristics of the PSZ in TCDP-A. This was attributed to the water's 
ability to absorb frictional heat, indicating that water deficiency in the PSZ caused an increase in 
temperature leading to gouge melting. Conversely, in fluid-undrained experiments, thermal 
pressurization was triggered and sustained until the end of the experiment, resulting in gouge 
fluidization resembling the PSZ of TCDP-B. 
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The study concluded that the dynamic weakening of fault gouges during the 1999 Chi-Chi 
earthquake was mainly caused by thermal pressurization. Furthermore, it suggested that spatial 
hydraulic variations along fault zones can contribute to different physical and chemical reactions and 
associated coseismic effects following a seismic event. 

 

 
Figure 1. Geological setting, TCDP sites, PSZs recognized in two boreholes and the associated microstructures. 
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