Abstract

We compare the source time functions (moment release rates) of three large
California mainshocks with the seismic moment release rates during their aftershock
sequences. Aftershock moment release rates, computed by summing aftershock
moments in time intervals, follow Omori's law from minutes to months after the
mainshock; furthermore, in contrast to the previously-observed saturation in
numbers of aftershocks shortly after the mainshock rupture, no such saturation is
seen in the aftershock moment release rates, which are dominated by the largest
aftershocks. We argue that the observed saturation in aftershock numbers described
by the "time offset" parameter c in Omori's law is likely an artifact due to the under-
reporting of small aftershocks, which is related to the difficulty of detecting large
numbers of small aftershocks in the mainshock coda. We further propose that it is
more natural for c to be negative (i.e., singularity follows the onset of mainshock
rupture) than positive (singularity precedes onset of rupture).

To make a more general comparison of mainshock rupture process and
aftershock moment rates, we then scale mainshock time functions to equalize the
effects of the varied seismic moments. For the three California mainshocks, we
compare the scaled time functions with similarly-scaled aftershock moment rates.
Finally, we compare global averages of scaled time functions of many shallow events
to the average scaled aftershock moment release rate for six California mainshocks.
In each of these comparisons, the extrapolation of the aftershock moment rates
according to Omori's law back in time toward the mainshock rupture indicates that
the temporal intensity of the aftershock moment release is about 1.5 orders of
magnitude less than the maximum reached by the mainshock rupture. This may be
due to the differing amplitudes and relative importance of static and dynamic
stresses in aftershock initiation compared to mainshock rupture propagation.
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A. Omori's (1894) law describes the decay of aftershock activity with time:

K
= e

where n(t) is aftershock frequency measured over a certain interval of time.

Utsu (1961) proposed a modified Omori's law

K
(t+c)P’

n(t) =
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Many empirical studies have found a positive value of
c of order 12 hours. A positive ¢ > 0 in Omori's law
means that the singularity in aftershock rate occurs at
negative time (t<0), i.e., before the mainshock. The
plots show Omori Laws with ¢ = 1 and ¢= 0 in linear
scale (above) and log-log scale (below). We propose
that the positive empirical value for c is mostly due to
the under-reporting of small aftershocks immediately
following a mainshcok (Kagan, 2004).
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How does moment release during a mainshock relate to aftershock decay?

Conclusions

N the inverse two-thirds power of moment (Houston,
10"t 1 2001). Here we scale all mainshocks and aftershock
sec min hour — day -~ 1eod sequences to a magnitude 6.67 event.
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Scaled source-time functions for three California
earthquakes: 1992 M7.3 Landers (blue line), 1994
M6.7 Northridge (red line), and 1999 M7.1 Hector
Mine (green line) and moment release of their
aftershock sequences, corrected for missing small
aftershocks and averaged over logarithmic time
intervals. Scaling is performed to normalize source
time functions and aftershock moment rates to
account for effect of differing mainshock magnitudes
(Houston, 2001). Averages of scaled source-time
functions and aftershock sequences shown by solid
lines.

rupture seems to decay as 1/t similar to Omori's law.

s 2 1. Moment release rates during mainshocks (i.e., source time functions) are
compared with moment release rates during aftershock sequences.
B. The threshold for aftershock completeness decreases with time following the mainshock . . .
2. From minutes to months following a mainshock, the moment release rate
of the aftershock sequence follows a power-law decay similar to the familiar
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