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tional coupling and consequent line 
broadening), whereas muonated radicals 
can be easily detected in the gas phase. 
Muonated centres have been detected 
whose hydrogen-atom analogues have 
never been detected by ESR spectro­
scopy"·'. Moreover, because of their 
greater sensitivity, muons can be used to 
study the kinetics of surface reactions. 
Perhaps surface studies such as that des­
cribed by Reid et al. will prove to be yet 
another area in which the use of muons is 
advantageous, although it will never be a 
popular method because of the extreme 
difficulties in obtaining muon beam time. 
And it must be borne in mind that the 
muon technique is quite limited in the 
types of radicals that can be detected, in 
contrast with ESR spectroscopy, which is 
also a powerful tool for studying radicals 
on surfaces. It seems likely, however, that 

those who do have access to muons will be 
inspired by the results of Reid et al. to try 
to probe surface reactions of industrial 
importance, particularly from a kinetic 
viewpoint. D 
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EARTHQUAKES---------------------------------------

Seismic cycle not so simple 
MaxWyss 

UNTIL now it has seemed reasonable to 
model the seismic cycle of great earth­
quakes along plate boundaries as follows: 
at the time of a great earthquake a rupture 
with approximately uniform slip releases 
most of the available energy throughout 
the extent of the rupture outlined by the 
aftershocks. Then, plate motions accumu­
late strain energy at an approximately 
constant rate over the recurrence period 
(thirty to several hundred years, depend­
ing on the location), until the strain level 
at which rupture occurs is again reached. 
At that time a great earthquake re-ruptures 
the same plate boundary segment. This 
process would result in a seismic cycle of 
approximately constant recurrence time, 
because the loading rate and rupture 
dimensions are constant. The rupture 
lengths may repeatedly be the same 
because some geometric tectonic features 
may define segments of the plate boundary 
that will rupture in one earthquake. By 
showing that earthquakes that re-rupture 
a particular segment of plate boundaries 
are not similar, Thatcher1

'
2 (first in Nature 

and now in full in the Journal of Geophysi­
cal Research) has deprived seismologists 
of part of their favourite model for the 
generation of great earthquakes. 

In cases that conform closely to this 
model, one speaks of a characteristic 
earthquake'. There are, however, also 
sequences of earthquakes in nearly the 
same location with regular recurrence 
times but significantly different magni­
tudes'. Thatcher points out that the simple 
recurrence model is based partly on the 
incorrect assumption that the slip is evenly 
distributed over the rupture area, when in 
reality most of the energy release comes 
from a fraction of the rupture area, where 
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the slip is large. He also shows that charac­
teristic earthquakes are the exception 
rather than the rule along the circum­
Pacific plate boundaries. Segments that 
have historically ruptured in one great 
earthquake often re-rupture in two or 
three smaller events, a few years apart. 
But did these subsequent ruptures really 
achieve the same strain release as the large 
one? 

As Thatcher observes, the sum of the 
seismic moment release in several smaller 
events is much smaller (in the best docu­
mented case, 80 per cent less) than that of 
a single large event. Thus, one cannot think 
of the two types of rupture as equivalent, 
even though large events that are multiple 
ruptures might be interpreted as a sequence 
of smaller earthquakes occurring within 
minutes rather than within decades. The 
slip in the smaller earthquakes, which 
make up one part of the cycle, may be as 
little as 20 per cent of the slip in the pre­
vious cycle (the large single event), or 
40 per cent over half the width of the plate 
boundary. One might hesitate to call 
something a 'seismic cycle' which is 
defined by subsequent episodes of energy 
release of 100 per cent and 20 per cent. It 
would be more correct to argue that in the 
second instance nothing has happened (no 
energy release) to a first approximation, 
than to take the view that the same cyclic 
event (100 per cent release) has happened 
again. 

Thatcher retains the idea of a seismic 
cycle because the entire plate boundary 
segment is ruptured in great earthquakes 
each time, and the intervals remain the 
same. But do they? Thatcher argues that 
they do. But this idea may also have to be 
modified when developing a more compli-

cated model. In the several cases for which 
Thatcher gives more than one recurrence 
time (at least three repeated ruptures) the 
differences between the shortest and 
longest recurrence interval is on aver­
age 67 per cent of the shortest interval 
(16 per cent and 207 per cent for the 
extreme cases). Examples of even greater 
variation of recurrence interval ( 40 to 300 
years) for large ruptures with similar 
amount of slip exist for segments of the 
San Andreas fault'. Perhaps the whole 
simple model of recurrence of great earth­
quakes may have to be substantially 
revised because the energy release in 
re-ruptures and the recurrence time vary 
greatly. 

The main value of Thatcher's work is 
that he has pointed out the inadequacy of 
a simple model of recurrence that was 
easily understood and seemed to make 
sense. The more complicated model he 
has proposed1

'
2 for explaining the varied 

nature of re-rupture may not convince all 
readers. He has not considered the possi­
bility of asperities (strong spots at the fault 
surface) changing their role from barriers 
to rupture initiation points as a function of 
the strain accumulated in them. Also, the 
amount of slip variation in one earthquake 
along the fault is not discussed quantita­
tively, leaving the reader wondering 
whether a 30 per cent difference in slip is 
enough to separate asperities from weak 
fault segments, and how much aseismic 
fault creep is necessary in Thatcher's 
model to balance the long-term plate 
motion along the boundary. 

It is not particularly comfortable when 
'well established', simple and sensible 
models are discredited. Thatcher has done 
this and raised additional questions, which 
may lead to more changes of the recur­
rence model of great earthquakes. As 
Thatcher emphasizes, the role of asperi­
ties,_10, their distribution and their activa­
tion in subsequent cycles must become 
clear before we can fully understand the 
rupture process along great faults and 
make substantial progress in predicting 
earthquakes. D 
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