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From the geo-Dharma
https://www.youtube.com/watch?v=ryrXAGY1dmE










Multi-scale imaging of fault zone environments
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1957 rupture, Gobi-Altai fault, ngolia
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Earthquake triggering and the role
of granular media




Two types of triggering

* Triggering in the region of an earthquake due
to static stress changes (‘aftershocks’)

* Dynamic triggering locally and globally due to
seismic waves




Christchurch, NZ
Earthquake Sequence
08/01/2010 - 03/13/2011
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A tremor and earthquake triggering scenario
Triggering due to the 1992 M7.2 Landers earthquake
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Concept of triggered elasticity perturbation and its signatures
Surface waves

A\ L N\o. [/
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\/ Brittle crust—
seismogenic
fault zone
D0C Seismic waves
. . « A= 2T NS SRR .....p.e.r.t.u.rb ................................ 30km
. medium .
elasticity, Ductile crust--
forcing slip tremor

v

% The triggering wave (usually surface waves) can

force failure on ‘ripe’ faults.

% Slip can be instantaneous or delayed, suggesting
an elastic perturbation that remains well after the
triggering waves have passed.




Laboratory Triggering constraints

To date, in lab studies we can only trigger in when we have fault gouge
in the system*— blocks sheared face-to-face do not trigger.

We hypothesize that nonlinear granular physics is key to the
triggering process. g b

Internal Structure of Principal Faults of the
North Branch San Gabriel Fault

|
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Chester et al., J. Geophys. Res. (1993)

* Experiments at PSU and at INGV, Rome



Laboratory Fault Studies

in the field in the laboratory numerical
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3-D slip experiments




i Chris Marone, - : -
B Do State Experimental simulation
1

a4 University, USA




Earthquake machine at Pennsylvania State University

1-10 MPa normal stress
K >> k.
background shear loading rate of 1-100 pm/sec

3 mm layers of soda lime beads

0.105-0.149 mm size distribution




shear stress (MPa)

Slip events and acoustic emission in a typical experiment
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p2393 AE
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p2393 shear stress

2 . . p2393 shear stress
1.95¢ ol o
1.91 8 c% & o8 & o eo 8
e © 1.9
& 1.8} S
= 2
n 2185
S 1.7+ 0
S “ 1.8t
2 1.67
n
1.75}¢
1.5¢ 1840 1860 1880 1900 1920
time (sec)
1 .4 1 1 1 1 1 1 |
O 1000 2000 3000 4000 5000 6000
time (sec)

Johnson et al., GRL 2014



log Occurences, N/Ntotal
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shear hess P

triggered slip and long recovery

)
)

—

N

3

Without dynamic waves, inter-event time and
thickness are ~constant

NOADONDON A

4
-

OO 1500 2000 2500 3000 3500 4000 4500 5000 5500
time (sec)

¢
10 1

p1894, 5SMPa Dynamic strain ~10°

@ of 1

o

N . . .

s Fast dynamics | /slow dynamics

S 18f i
2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

time (sec)

m U T T T T T T T T T T

E 0 .0

Ho2r 0 00 00 0 0% 09 07 1

(3] o OV 0 00 % (NG

§ 15} 007 o 00 o 0% 0 o 9

5

[S]

2

L 1 Il Il 1 <> 1 | 1 Il 1 ll
2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

experiment time (sec)
25 B T T T T ’ T T T T T

20 -

15 00900000 . 000000000000 o
ol g 7000000004 M“me“ KX

5
1 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900
experiment time (sec)

o

Athickness

Johnson, Proc. Int. Symp NL Acoust., Tokyo, 2012



shear hess P

Recovery phenomena: shear stress
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Effects of amplitude of triggering wave
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shear stress (MPa)
n o

o
o
—

0 F p1108
500 1,500 2,500 3,500
time (sec)
[ [ [ \ I
L p1108, p870 _|
| no vibration |
o i
a i
= i
ol
o
L vibration i
)
»
o
»
©
()]
<
n | |
| \

|
2100 2200 2300
time (sec)

Many acousticial excitations

recurrence interval (sec)

stress drop variation (MPa)

200 F
150 L
100 L

e vibration
no vibration °

2,000 4,000 6,000 8,000
experiment time (sec)

0.2F

©
—

o

—=—no vibration, p1108
— & -vibration, p1087

10

300
recurrence interval (sec)

Johnson et al., Nature, 2008

2007-02-02058B Figure 4



Acoustical fluidization at smaller load: slow, slip

2 Mpa load
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Johnson et al., Journal of Geophysical Research, 2012



Triggered “slow slip”= acoustical fluidization
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Recall J. Langer presentation:Experiment in rheometer
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effects of elastic/plastic nonlinearity in laboratory experiments
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DEM simulation




DEM model of Gouge layer
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Slips associated with kinetic energy release
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DEM: Precursors and slip event:
Energy release

Friction coefficient,
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Friction coefficient

Kinetic energy

‘Clock-advance’ of slip event
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DEM Distribution of event
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Duration of vibration
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concept of elastic behavior in granular materials

Dynamic perturbation
On elastic system

In critical state |
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Summary/conclusions

1. Earthquakes trigger earthquakes.

2. Granular physics key to triggering in laboratory

3. Mechanism of triggering in laboratory is due to
granular elastic (nonlinear) dynamics




Vibration influences after the vibration
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Clock-advance effects of triggering
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Earth: an elastic system

Kaiser Effect: An effect observed in most metals, in which
acoustic emissions are not observed during the reloading of a
material until the stress exceeds its previous high value. Is there
a global Kaiser effect due to global stress build up, release and

successive build up??
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