Dependence of the Omori-Utsu aftershock law on mainshock magnitude
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INTRODUCTION ‘I. Slip & Stress Heterogeneities‘ ‘II. Earthquake Nucleation‘

We examine the dependence on M of the p and x

parameters appearing in Omori-Utsu formula Slip on the rupture plane is found to be scale-invariant, | ! The frictional strength of faults depends on the rate and state va-
u(k) o k=17H.\(k) (Mai & Beroza 2002), where k | .. riables according to

R(t,M)=x-(t+c)"P the wave number; H = 3 — D is the Hurst exponent; | "
’ and A\ Gaussian white noise. This leads to stress field | | -

M(t):uo-i-Aln(M)—i-Bln(voe(t)) g 20, vl

el (e e ol e rhrerale) J2) ol (e ¢ i & variation on the length scale of the nucleation sites [ 3 V0 0 ot Lo
mainshock of magnitude M. Observations point with a standard deviation (Marsan 2006): g U where A, B, vg and Lo are constants, and v is slip velocity.
out to a significant increase of p with M, along - S For a population of faults, a sudden stress jump 7 leads to a time-
b —_ . . . .

with a scaling relationship of the form x ~ 10%M. o~ (%)2 2H 1= \/10049(M*M1)(1*H) —1|(1) | Fig.1: Example for a slip dependent earthquake activity according to (Dieterich 1994)
We here show that these observations can be ex- ldel S(tgilét;;nf;t at hl%]:lrgzllglii;

: o i _ ] ; - Lo R(t,7) =r/[1+ (e77 —1)e ] (2)
plained within the framework of the rate-and- with M(L) = c+log(L)/0.45 (Wells & Coppersmith 1994) strike-slip fault. )

state friction model, when accounting for reali-

stic levels of coseismic stress heterogeneity on the . (B)* Fis.2 th?rt(f\ T thc‘loacl;gArot;r.ld( trattc. strlcssg.s are tglv.o " ;1 :.nlts of AC;

: . . ar oo ig.2: and time in units of Ao /7 (tectonic loading rate 7; effective norma.
main fault. We constrain the model parameters in 5 g (A) Coulomb stress change at stress o). Because the induced stress changes e o (mainshock)
order to recover the trends observed in previous o7 5km depth for the example s o g
vl my aellEes: off ok SEenEED, Il £oe in Fig.1 with a friction coef- magnitude-dependent variability (see Sec.I), the total rate becomes

. . 0 @°° ficient of 0.4. (B) The depen-
ly, the influence of afterslip on parameters p and E 04 de;,;; of the e,gpe)cteé rupIéu:e (r—7)2
X is studied, to highlight the fact that it can si- 5 =3 induced stress drop variabili- 1 s s
gnificantly perturb the p(M) and (M) relations o1 tidoen the earthquake magni- R(t,M) = o j R(t,7)e M dr (3)
obtained with the initial afterslip-free model. 2 3 a 5 7 ’ >
magnitude
ITI. Magnitude-Dependence of the Aftershock Decay‘ IV. Impact of afterslip
. . Fig.6
In the following, we assume that the average stress drop is 7 = 10Ac Fig.3 There is growing evidence that large mainshocks are followed by si- 11 2
and define the stress variability o7 (at length scale of nucleation) _ gnificant amount of afterslip decaying with 1/t. Therefore we explore | °
induced by a M7 event as an input variable. The numerical solution 3 the impact of postseismic stress changes according to 08
of Eq.(3) yields: s 07
}:1 ( ) yd . . . ‘i . hock é T(t) =70+ 71" 1H(1 + t/t*) % 0.6 ratio afterslip/coseismic:
The productivity as well as the shape of the aftershoc! . zo postseismic loading = positve
p deca lvlls };trorjvl ma nitudelzde endent % where t* is set to 10~7 t4. For the same parameters as before (H=0.7; |= Ei unloading = negative
Y gy g p : s ! 7=10; 07=23), Fig.6 shows the p-value increase for different ratios 03 noahe[%ié o
This is shown in Fig.3 for the case of H=0.7 and o7 = 2.37. 71 1n(1 + tq/t*)/70: p-values larger than 1 are found in the case of gi 05
*eos oomr 001, 01 1 10 very strong unloading when the afterslip induced stress reduction is I T '1'57_ .
(A) The p-value increases with mainshock magnitude | " of the order of the coseismic mean stress drop. mainshock magnitude M
which is in good agreement with the observed p-value de- |Fig:4 | =15 l
pendence in California [Ouillon and Sornette, 2005] and L | o cpeervtons ,ﬂx";ﬁi' SUMMARY
our own analysis of the global ISC earthquake catalog. This 9 s A L. . .
. . . . . 2 The rate-and-state dependent friction model has already been shown to explain several aspects of trig-
is shown in Fig.4, where brown and red points mark the Califor- I /(/ L. L . .
nia data for two different declustering methods and ereen crosses a 4 gered seismicity such as aftershock activity according to the Omori-Utsu law. In the same framework,
refer to the elobal data set. The linosg correspond toga stress fiold o rupture induced stress heterogeneities have been identified as a possible explanation for aftershocks
hetero eneitga — 657 (H.—O 5); o7 = 2 37,_121_[_0 Nl 02 occurring in stress shadows. Here, we show that these induced heterogeneities are expected to be size-
g b e = = v = S = ST s e s T s dependent and thus the aftershock decay should be dependent on the mainshock magnitude: The p-value
(H:().g), mainshock magnitude M . A . .. .
and the aftershock density increases with M. We find that the model predictions are in good agreement
(B) The aftershock density increases with mainshock ma- Fig5 1% H-0% with observations. Furthermore, we show that log(t)-unloading in agreement with frequently observed
gnitude and the total productivity increases approximately = »3%}2%0& *i.g‘*g af.terslip.can explain P > 1, how.ever7 the general trend c.)f the p-value and aftershock density increase
with 10195 which is similar to a previous result for Ca- X 1o} *  observaion *iﬁﬁ with mainshock-magnitude remains unchanged by afterslip.
N :
lifornia, «=1.05+0.05 [Helmstetter et al., 2005]. However, H O_i Ty L o
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