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A Database of slow slip transients +
triggered seismicity:

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

- Source dimensions

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




Aseismic and seismic moment
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In-situ and Lab
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Added new data:
- Natural SSEs

- In-situ field scale
Injection experiments

- Lab experiments

- Performed simulation
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Geodetic vs Seismic Moment scaling: U T U
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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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Stress drop 7 Ms,g
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Poroelastic model (wang and kiimpel, 2003)
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Physics-based stochastic earthquake
simulator (SEED)

(Rinaldi and Nespoli, 2017)
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~ Aseismic and Seismic slip: From nature to lab + Simulations

Geodetic vs Seismic Moment scaling: 3 i ¥
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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
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A Seismic to aseismic moment scaling over 14-18
orders of magnitude (but observational gap??)

A 1f M_>>M, scaling holds over large range q

of orders of magnitude
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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 ofteseiN@BWEIDCI at ecC

/ \
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Phemenology
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Tremor or LFEs counts increases during SSES
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Tremor or LFEs amplitudes (energy) increase during SSEsS
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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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t Fault structures where slow and aseismic and fast and
seismic slip can be accommodated at the same time —~ e

t Conceptual model:
Brittle asperities (darker gray) embedded within
conditionally stable (light gray) and stable sliding
regions (pinkish)

t Mechanical condition:

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

Brittle-ductile transition
Pronounced fault roughness 14060 k. 550 °C)

Ductile zone

High pore pressure condition (low effective (aseismic)

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

® Tremor
>

(1A/w) ojel dis
© < 9
O (e}

e

0.50000 d

t

M~
—
o
Y
.o

O

R

]
=
T}
=4

-122°

424"

-126°

-128°




TG-SSE Guerrero
TG-SSE Cascadia
TG-SSE Nankai
SG-SSE Volcano
SG-SSE Strike-Slip
SG-SSE Thrust
SG-SSE Normal

2P6B PO O®

Passarelli et al., 2021

Magnitude (M,

0 1 2 3 4 5 6 7 8
10204 .
5 '
o o e
107; fo% 3 - |
: (@)@, PN
£ *— |
Z 10185 ®, 2 B
. ) - |
S, 1 0
2 1017_: A
3 o "
4 L] L
16 4
10 o
T Depth (km) l
1015'5 50 4540 35 30 2520 1510 5 0 -4
—I—I'I'Hﬂll‘—fﬂ'rﬂﬂll‘—fﬁﬂ'ﬂﬂll T™TTTT T™TTTT T™TTTT T™TTTT T ....nq—rmmq-
1010 1011 1012 1"613 1'814 -!"615 1"616 1017 1018 1019 1020 1021
Mseis (Nm)

Magnitude (M,,)



Magnitude (M,,)

—1 0 1 2 3 4 5
100'é.llllllll|llllllllllllnnlnnl.llll.

O TG-SSE Guerrero o N
10-'4 © TG-SSE Cascadia
] ¥ TG-SSE Nankai i 4
A SG-SSE Volcano

O SG-SSE Strike-Slip &
< SG-SSE Thrust
O SG-SSE Normal

N

e
(@)

3

Mgeis J M8eod)
=
uloo

—
o
N
ul BNt

Q. O
> 10-°3 @
S , oaP
3 1074 ‘ Mgeod=4.5-7.5
S
| .
o 1074
1 Depth (km)
10-8

50 45 40 35 30 25 20 15 10 5 0

108 10° 101010'110210'3104105107610'7 1081019 102 102
Passarelli et al., 2021 Sci. Adv. MG®® (Nm)




Magnitude (M,

0 1 2 3 4 5 6 7 8
1021.5""""""""""""""""""8
1 - '™ (3
o0, O U [ U
: % o -
- ’ —
1019-5 M, geod (MoseIS)O.Z i a_o L] 2
. .
E - =
~ 3 ©
. E
o ] =
= 1017- : f
: . >
] o © .
1016+ O TG-SSE Guerrero
] O TG-SSE Cascadia O
v TG-SSE Nankai
{ A SG-SSE Volcano
: ; Depth (km)
1015 o Sooo= Strke-Slip 5045403530 25201510 5 0 [4
] © SG-SSE Normal '

— T T T T T T T T T T T T T T T T T T T T T T :
100 10'1 10" 10'3 104 10'5 10'® 107 10'8 10'8 102 10%
M(s)eis (Nm) Passarelli et al., 2021



Magnitude (M,)

0 1 2 3 4

L L 1 1 1 1 L 1 1 il i 1 1 L 1 i 1 i 1 1 L

1 1 i i

8

1019
3
o
= 1017
o,
1016 TG-SSE Guerrero /
© TG-SSE Cascadia P o
v TG-SSE Nankai ’
A SG-SSE Volcano
1015 O SG-SSE Strike-Slip
SG-SSE Thrust

O SG-SSE Normal

Depth (km)
50 45 40 35 30 25 20 15 10 5 0

Mseis (Nm)

T T TTII T T TTITTTT] ...mq—mq—mnr—rmnq-
100 10" 10% 10'3 10'4 10'S 10'® 10'7 10'® 10" 102 102

8
U T 0
7
| a=0.3
&
=
i a=0.7
[
ge)
4

Passarelli et al., 2021



Seismic Moment Geodetic Moment

Magnltude Magnltude (M )
3 4 7 8 4 7 8

ﬁ # ¢

o
S
N

151

. 20-

=< 25

E™ ! &
35'E - 50_3
40- 5 55-
5 . o 7
50 .

. 4070 10" 10%2 10% 10 10'5 10'® 10'7 10'® 1019 1020 102! 40 10'7 10 10 1020 10
Mgeis (Nm) M8eod (Nm)

Passarelli et al., 2021




102 40 104 19° 40= 40* 1 40+F 409 10U

Productivity (p=Mseis /MﬁeOd) Passarelli et al., 2021



Seismic Moment Geodetic Moment

Magnitude (M,,) Magnitude (M,,)

o9, . 1.2 3 .4 .5 .6 7 .8 o4 . .. .. 6 7 . 8
10 7 3 10 2EE

A // B QQ///

108-. &) £ 3 ]
§ g W 1365 days "
1365 days i ]

<
7

i E * &
‘."// 130 days A 5 //‘0{}{

/ [ 64 _
ey o | @'%7a o =
Q ’ 7 ’ . | ~— ]
@' L 4
s 5J1d oW L
0// [ 10 _ ay :/ 3

7/
/ i 16 hours >

P i 11 hours .~
/ ]l .
3 3 B i s
] / : 10°9 ~ 3
11 hours / [ ¥ E

3 ' ""“1" iy I ey P "'"'I/ LR R R bl Rl e Ry P, R Ly il BT Bl R RLR bl 2 - L | R ) LR | L | R ) R | '
101011072 1031014 105 1081017108 109 1020 1021 106 107 10'® 10" 1020 10
Mgeis (Nm) Mgeod (Nm)

Passarelli et al., 2021



Geodetic Moment

Seismic Moment
Magnitude (M)

LS SO . NI JUL. FO. P . 1004 L2 © { _8
1C 1D
I 24km/cg(v A — 24km/d
1 10 kmy - o I 1~ 10 km/d
10-'; ‘ﬁ . & 10
. # 0}
Z v;' ¢
0 | Q)
E geflkmd v s E 4g-2 = 1kmid
— a ..5- e
> >
10-34 01 kmvd L jpa{ 01 kmAd L
: o
| Depth (km) 8
50 4540353025201510 5 0 ) 0 )
104 n

Magnitude (M)

T o a1 a5 a1 T 10T 1o 0 T o
Mge's (Nm)

TR T I Tt

Mgeod (Nm)

IS

Passarelli et al., 2021




10—1;~““*~~‘~;'-..,. - 0 60
_ """-‘.§“~~‘_ : L
510‘21 e -
= e f

; ~ a=(0.2-0.3) (this study)
I, i i Vi = P~ ~ d=(0.4,0.6) (Gao et al., 2010)
........... Vipt ™ p-0:25 ;
: g=(0.1,0.25)
L e e M M P

10~° 108 107 10° 10-° 104 . 1073 1072 1077 10°
Productivity (P=Mge's/Mge°d) Passarelli et al., 2021



a=(0.2-0.3) (this study)

T [ —— Vi = P~ ! d=(0.4,0.6) (Gao et al.,
o Ve ™ P28 o | 2010)
o ! g=(0.1,0.25)
10° 108 107 10 105 10* 10° 102 10"  10°
Productivity (P=Mge's/Mge°d) Passarelli et al., 2021



epet —{ 0 8
SG- and TG-SSEs have robust { | lower P
momen lin

Earthquake productivity P scale 0 8 '0QR 0 'Q
consistently with depth

Data are inconclusive for My9e°d - T 0 YD “Y?7?
scaling

No Mgses - T, (duration of seismicity) 5 ETY

scaling



NO Vi, T MgS®s scaling 0 EODO
. . \ 3 o,
Our data compatible w/ the v,, T M2 L % U
scaling
L 90U

Earthquake productivity P scale
consistently w/ v,




Lower-brittle zone
(20 - 40 km, 350 °C)

Brittle-ductile transition
(40 - 60 km, 550 °C)

Ductile zone

(aseismic)

Compatible w/
0

L 80

B) Roughness ACW Gouge Iayerw
Pronounced fault

C) Along-strike > rouqh ness

™ 20 km
350 °C

SG-SSEs

Parent-child

TG-SSEs

Child-grandchild

% :."““"\“—l— VW-VS transition ]
| . # t | High pore pressure
o - 3 Asperity
§ S TR
| @ —— Background rheology
®

Slow Slip Event

Tremor-genic asperity

LFE asperity

<

»

[
Along-dip

°0Qn o Qe
Y Ductile zone (aseismic)
Heterogeneous frictional properties dependent on temperature




TG-SSEs:

A 10 SSEs at Cascadia subduction zone (literature

A 8 SSEs at Guerrero subduction zone (literature)

A 174 SSEs at Nankai subduction zone (database
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A 3 SSEs at volcanoes (Kilauea, Mt Etna and Miyze

A 2 Strike-slip fault (San Andreas and Salton Thro
A3 Normal fault (Poll i
A 1 Thrust (Wood Island Washington State) (litera
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Database dominated by events in subduction zone
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