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« Database of slow slip transients +
triggered seismicity:

- Geodetic moments 0 day
- Seismic moments of triggered seismicity
- Duration

- Source dimensions

« Source parameters of triggered
seismicity only during slow slip Width Length
transient




Aseismic and seismic moment
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In-situ and Lab
Exp

Magnitude (M,,)
4

1 2 sG-SSE Volcano
{ O SG-SSE Stike:SIp

. éGSE@ " QOD e
4 © sG-SSE Normal A
3 E N | & /l/OQ \FQ
O O & Q
. OQ N
O N \L
S N\
‘O6 \O
o O
o? é°®
D
"b(\

Depth (km)

504540353025201510??

T
[er]

E———————————————————
1010 101" 10™ 10 10" 10 10'® 107 10'® 10" 1020 102

Mgeis (Nm)

Magnitude (M,,)

M3 = B(M§e™)®

Added new data:
- Natural SSEs

- In-situ field scale
Injection experiments

- Lab experiments

- Performed simulation
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Geodetic vs Seismic Moment scaling: MbgeOd = B(MZE)
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Geodetic vs Seismic Moment scaling
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Geodetic vs Seismic Moment scaling
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Productivity vs Seismic Moment scaling:

Productivity (M§®'s / Mgecd)
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Productivity vs Seismic Moment scaling:
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Poroelastic model (wang and Kiimpel, 2003)

Aseismic Source (SSE) w/ triangular Source Time Function and Gaussian slip...

Source Time Function Cumulative Slip
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...and calculate poro-elastic stresses in a homogeneous half-space




Physics-based stochastic earthquake
simulator (SEED)

(Rinaldi and Nespoli, 2017)

SEED = point source eqgk
Initial Random Initial random
random position Focal stress state
(X,y,2) Mechanism Ac

SEED fails according Coulomb failure criterion

b-value ~ Ac
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_ From nature to lab + Simulations

Geodetic vs Seismic Moment scaling:

Magnitude (M,,)
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Physical mechanisms: fault pressurization
(unclamping)

Pressure unclamps the fault and produces
aseismic slip

High-pressure induces aseismic slip to expand
(around the injection point)

Propagation of the aseismic rupture triggers
seismicity due to shear stress increase at the
rupture edges

Shallower MJ°°¢ = g(Mge)0-7

(outside subduction zones)
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Cappa et al.,

2019




« Seismic to aseismic moment scaling over 14-18
orders of magnitude (but observational gap??)

 If M_>>M, scaling holds over large range q
of orders of magnitude

Fluid injection
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Thank you




START OF BACK UP SLIDES:
please contact me at luigi.passarelli@ingv.it for further explanation since

slides are very minimalistic
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- Slow Slip Transients ~ aka Slow Slip Events (SSEs)

Slow slip transients are rupture that do not excite seismic
wave and are often “associated” w/ “seismic” events:

/

Non-volcanic Tremor
(many tiny earthquakes)
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ltoh et al., 2022

Phemenology
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Tremor or LFEs counts increases during SSEs
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Tremor or LFEs amplitudes (energy) increase during SSEs

Normalized medlan LFE amplitude
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Tremor or LFEs moment (slip) rate correlates with moment (slip) rate of SSEs

Median LFE amplitude A (nm)
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- FastandSlowSlip ~ Physical processes
= Fault structures where slow and aseismic and fast and
seismic slip can be accommodated at the same time

= Conceptual model:
Brittle asperities (darker gray) embedded within

conditionally stable (light gray) and stable sliding
regions (pinkish)

= Mechanical condition:

.. . Lower-brittle zone
Heterogeneous frictional properties (20 - 40 km, 350 °C)

Brittle-ductile transition
Pronounced fault roughness (40 - 60 km. 550 °C)

Ductile zone
(aseismic)

High pore pressure condition (low effective
normal stress)

Does the proportion of aseismic and seismic energy release tell us (a-b) > 0

about the mechanical condition at the source?




Physical mechanisms: fault pressurization
(unclamping)

Pressure unclamps the fault and produces
aseismic slip

High-pressure induces aseismic slip to expand
(around the injection point)

Propagation of the aseismic rupture triggers
seismicity due to shear stress increase at the
rupture edges

Shallower MJ°°¢ = g(Mge)0-7

(outside subduction zones)

Fluid injection
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Deeper MJ°%¢ = g(Mgeis)03

B) Roughness A, Gouge layer
.y DR

Pronounced fault

SG-SSEs
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Tremor or LFEs moment (slip) rate correlates with moment (slip) rate of SSEs

Median LFE amplitude A (nm)
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Phemenology
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