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Rate and state dependent friction laws and the prediction of earthquakes: What can
we learn from laboratory models?
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ARTICLE INFO ABSTRACT
Aeticle hiscory: Earthquakes can be considered to be a result of tribological instability in the system of faults of the Earth's
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work, the earthquake model under study isa with

of the motion of the system with a resolution of 8 nm shows that slow creep is actually observed throughout
the stick stage and it asthe il ility point is ched. This motion is regular enough to serve
as a basis for the prediction of the onset of instability. It is shown that the motion of a solid, both at the stage

Quatic fricion of slow creep and at that of fast slip is well described by Dieterich's friction Liw, which takes the dependence
Sliding friction of friction on siiding velocity and internal state variable into account, if we supplement it with the contribu-
Creep tion of local contact compliance. In the immediate vidnity of the instability point, a universal behavior is ob-
Stick-skp served, making highly accurate prediction oflheomeldunmble slip from creep observations possible.
State varlable We show that of the creep makes both short tenm and long
Earthquake prediction term predictions of the time until instable ﬁdimml&orawy models possible, The problems of extending
this approach to real systems are

© 2012 Elsevier BV. All rights reserved.

1. Introduction earthquakes (Carison and Langer, 1989; Gutenberg and Richter, 1954;

mehgemmmcuﬂsoaaldanug:smkmbymh-

Omori, 1984; Popov, 2010; FilvppovandPopov 2010). These properties,
have a purely they are useful

quakes make their prediction an important
The Earth’s crust consists of tectonic plates which move sbwlynhuve
to one another due to convection in the upper mantle (Scholz, 1998,
2002). On time scales of millions of years, these mations determine
the structure of the thmﬁa On small time scales, these motions
are ible for by models are based on the
fi ion that do not arise as a result of 3
sudden formation and propagation of new cracks in the Earth's crust,
rather they take place as a result of a sudden sliding along almaay exsl-

for ap analysis, but not for prediction at a given place and
time. The threshold rcspm! of a system is a primary physical cause
for the chall of In view of the above pecu-
liarity, some authors think that unhquines are impossible to predict
atall {Geller, 1997; Geller et al., 1997).

This conclusion, however, is based on a concept that is not completely
correct. Both the theory of friction and the theory of plastic dformation
uemzmmmmbﬂiwlmkmm:m is dways

i | stress and th acti-

ing faults Therefore, earthquakes are more a
physics than of fracture mechanics,

Since the publication of Brace and Byerlee ( 1966), earthquakes were
understood to be a type of stick-slip instability. A characteristic pecu-
liarity of these processes is that fast motion accompanied by relaxation
of accumulated stress begins only as the stress reaches a certain critical
level Before this level is reached, the system is in equilibrium showing

vated From i ions it is that
creep rapidly speeds up in close proximity to the threshold.

On this basis many noted scientists involved with mechanisms
and dynamics of earthquakes consider earthquake prediction possible
(Dicterich, 1992; Dietrich and Kilgore, 1996; McGuire et al., 2005;
Mjachkin et al, 1975; Scholz, 2002; Thurber and Sessions, 1998).
The question is only whether the processes of slow creep are well

mevidenceoﬂts proximity to the critical state. An f this to ble and are enough to provide the basis for reliable
does not change ofhow p ion of the onset of instability.

licated the system b Adk -u-neﬂ sysum exhibits compli- For this question to be given an experimental answer, we studied

cated behavior, which is mirrored by the known statistical p iesof  asimple tribological model with p stick-slip behavior (this

model was described and studied earlier for the possibility of

influencing the statistics of carthquakes (Popov and Starczewicz,

* Gorrespooding authot. 2006)). Leaving aside the possibility of extending the research results
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to real carthquakes occurring in much more complex systems, we
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