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            Abstract
An earthquake occurs when a fault weakens during the early portion of its slip at a faster rate than the release of tectonic stress driving the fault motion1,2. This slip weakening occurs over a critical distance, Dc. Understanding the controls on Dc in nature is severely limited, however, because the physical mechanism of weakening is unconstrained. Conventional friction experiments, typically conducted at slow slip rates and small displacements, have obtained Dc values that are orders of magnitude lower than values estimated from modelling seismological data for natural earthquakes3,4,5,6. Here we present data on fluid transport properties of slip zone rocks and on the slip zone width in the centre of the Median Tectonic Line fault zone, Japan. We show that the discrepancy between laboratory and seismological results can be resolved if thermal pressurization of the pore fluid7,8,9,10 is the slip-weakening mechanism. Our analysis indicates that a planar fault segment with an impermeable and narrow slip zone will become very unstable during slip and is likely to be the site of a seismic asperity.
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                    Figure 1: 
                        The nature of a localized slip zone in a large geological fault.
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Figure 2: 
                        Permeability and porosity data for slip zone rocks.
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Figure 3: 
                        Hydraulic diffusion lengths during thermal pressurization as a function of slip zone width.
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Figure 4: 
                        Shear stress modelling for the thermal pressurization process.
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        Editorial Summary
Earthquakes: add hot water
For the Earth's crust to release accumulated stress in the form of an earthquake, a fault must weaken and give way, otherwise the movement would quickly grind to a halt due to the surrounding pressure. This weakening is not really understood. Laboratory experiments simply don't match seismologists' estimates of the distance a fault must slip before it becomes very weak. A new study concludes that the missing ingredient is water. Geological studies and measurements show the slip zones to be narrow, impermeable structures. Water already in the fault zone can quickly become pressurized by frictional heating as the rocks start to move, catalysing large earthquakes from minor movements.
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