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III-3. Large Slip and Fault Friction

Jim Mori (Disaster Prevention Research Institute, Kyoto University)

The areas of localized high slip within the rupture areas of large earthquakes are
important features in understanding the occurrence and reoccurrence of earthquakes.
Also these regions control the levels of strong ground shaking. Some models indicate
that the patterns of these localized areas are the same in repeated earthquakes.
However, results from some recent earthquakes (e.g. Park and Mori, 2007) and the
2011 Tohoku earthquake, show that the same portion of the fault can rupture with
varying values of slip. These observations indicate that the areas of large slip are not

constant features in repeated earthquakes and can change from event to event.



Event 1 Event 2 Event 3 Sum

Characteristic
Asperities occur
in same locations

slip area

asperity
Non-characteristic :
Asperities occur
in different locations

The characteristic model (above) shows areas of large slip that are the same in

repeated earthquakes. For this model, if the slip over many earthquakes is added
together, localized areas have very large slip and other regions need to have slip that
occurs aseismically. For a non-characteristic model, different earthquakes have
different areas of large slip. When the slip distributions of many earthquakes are
added together, the whole fault plane can have the same amount of slip. Aseismic slip

is not necessary for this model. (Park and Mori, 2007).

An important characteristic of the 2011 Tohoku earthquake, is the very large slip of
tens of meters on the shallow portion of the megathrust. This large slip is largely
responsible of the devastating tsunami that hit the coast of northeast Honshu. The
shallow area of very large slip is likely indicative of low friction mechanisms during
the rupture. One of best ways to estimate frictional stress during large earthquakes is
to measure the heat generated on the fault. Past temperature measurements, on the
Chelungpu fault following the 1999 Chi-Chi, Taiwan and 2008 Wenchuan earthquakes
have been used to determine the level of fault friction. Results from the Taiwan
earthquake show a very low coefficient of friction, near or less than than 0.1 (Kano et
al., 2006). For the Tohoku earthquake, there are plans being prepared for a possible
rapid response drilling project to reach the fault in the area of very large displacement.
In additional to temperature measurements, direct stress measurements,

identification of geochemical markers, along with analyses and lab experiments on



fault zone samples, should be able to estimate the frictional level and contribute to an

understanding of this important area of large slip.
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Observed temperature anomaly across the Chelungpu fault after the 1999 Chi-Chi, Taiwan
earthquake. These results indicate a coefficient of friction of less than 0.1 (Kano et al., 2006).
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IV-4. Key questions across the projects
Jim Mori (Kyoto University)

The discussions during the last two days have included many important results from
fault drilling projects of onshore faults, such as the Nojima Fault, Chelungpu, Fault in
Taiwan, Wenchuan fault in China. In future discussions of fault zone drilling projects,
it would be good to consider both onshore and offshore faults together. There are some
structural and tectonic differences between faults on land and under the ocean, but
most of the basic scientific issues regarding slip during large earthquakes are the
same for both types of faults. Usually drilling on land is technically less challenging
and can be done for much less cost. When considering specific sites to address
scientific issues with fault zone drilling, it would be appropriate to consider options for

both onshore and off-shore faults.

The three drilling projects discussed in this meeting, have similar scientific objectives
in trying to understand the nature of faulting in large earthquakes. During the last

two days, we have heard about many topics related to the properties of faults and slip



during large earthquakes. Repeatedly the same key words have been used, for

example, Large Slip, Friction, Stress, Temperature, Water, Mineralization.

Since there are some basic issues that often discussed with fault drilling projects, it
might be useful to have a set of questions that point to the common scientific goals.
These questions can help focus the objectives when organizing future proposals related

to fault zones. For example,

1. How do we explain the large slip of earthquakes ?

It is currently difficult to understand when and where large slip occurs. A small
earthquake and large earthquake can occur at the same location on a fault. A
single large earthquake has areas of both large and small slip. We would like to

identify the factors that control the amount of slip during an earthquake.

2. Can we develop/verify a general friction law ?
Is there a general friction law that is applicable to a wide range of slip velocities
that includes slow or aseismic events, as well as normal earthquakes ? We would

like to understand the physical mechanisms that are associated with such a law.

3. What is the role of fluids in large earthquake slip ?

Fluids in a fault zone can significantly affect the behavior of an earthquake
rupture, by changing the frictional properties and altering chemical composition.
We would like to understand how the amount, temperature, and pressure of the

fluids affects the fault slip during large earthquakes.

4. How does the specific geological setting affect the different behavior of faults ?

There are a variety of tectonic settings that produce different types of earthquakes,
both onshore and offshore. In addition, complexities in geological conditions can
produce different styles of faulting, even for a single type of regime, such as

subduction zones.

5. What changes in physical parameters and fault behavior can see through the
earthquake cycle ?
Studying the characteristics of different faults which are at different stages in the

earthquake cycle (such as before and after a large event) can help identify



time-dependent properties of a fault.
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