Assessing crustal stability via fault stress perturbation analysis
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Introduction
®00

How do large-scale catastrophic patterns arise from progressive cooperative processes?
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Introduction
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The problem and key idea

A possible approach consists in perturbing
faults and studying how seismicity changes
as additional stress is applied: if the initial
energy state is stable, the system will
oscillate around it; otherwise, the
background seismic rate will be modified.

Assessing the stability state of

faults is a crucial task not only for

seismic hazard, but also for

understanding how the earthquake j
machine works.
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Introduction
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Stress sources

Tides provide natural stress sources featured by wide ranges of frequencies and

amplitudes, which make them a suitable candidate for our investigation.
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Methods
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Tidal stress calculation

1) Given the tidal potential W(r,0,¢), the components of displacement are

_ hy( r) h(r) OW(r,0,¢) _ _h(r) oW(r,0,9)
Uy = 2 W(r9¢) ug = 2() o0 U _g(r2)sin0 96

2) Strain is obtained by spatial derivation of displacement;
3) Tidal stress components, according to Hooke's law, for isotropic materials are

ij(r) = Ar)ew(r)dj + 2p(r)eii(r)

4) Fault orientation is taken into account in order to calculate shear, 7, and normal
stress, o (focal mechanisms + geological data);

5) Ocean loading is evaluated using NAO.99b if needed;

6) The variation of tidal Coulomb failure stress can be estimated ACFS = 7 + pon;
7) Correlation between seismic rates and tidal stress is calculated

Si1(Mw;—My) (ACFS;—ACFS)

t
o= \/Z, (Mw;— M) Zk:1<ACFSk—m)2

8) Uncertainties are calculated considering magnitude and hypocentral errors;

9) Correlation time series are realized using different time steps (data availability).
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Results and Discussion
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A: ACFS map for seismicity in Southern California, SCEDC Catalogue, 1985—2021,
M, > 1.0. Seismicity occurs, on average, at slightly positive ACFS values.

B: Correlation p between ACFS and seismicity in the Ridgecrest District, California.
The scatter plot is realized by taking into account earthquakes happened in the black
contour square at a depth of -2—20 km. C: Histogram of cumulative energy (M)

nucleated by earthquakes (blue bars) and plot of the number of recorded seismic
events (red line).
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Results and Discussion
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Scaling laws for crustal destabilization
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@ In mean-field regime, the critical dynamics of the order parameter is m ~ HY/s,
6 = 3, where H is the intensity of the perturbing field — T ~ Mé/a.
@ 0 ~ 3 also characterizes seismic nucleation scaling of single earthquakes =

Are observed trends related to coalescent nucleation phases in the crust?

@ The latter exponent, 6 ~ 0.1, may stem from cascade triggering.
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Conclusions
[ 1)

Take-home messages
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Stress perturbation analysis may highlight mounting instability in

the brittle lithosphere

Even though it is unlikely that our results may ever be of practical use for seismic
hazard, analogous procedures could illuminate slow hidden processes of destabilization
taking place in the upper crust.
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Correlation between seismic
activity and tidal stress
perturbations highlights growing
instability within the brittle crust
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