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1. EARTHQUAKE IMAGING METHOD & ESTIMATION OF
RUPTURE PARAMETERS
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- HF Rupture Catalog (0.5 — 2.0 Hz) - Rupture pattern + HF STF
- 2010-2021 : = Mw 7.5 (52 events) - Automatic length, speed and directivity

- Scaling relations

BACK-PROJECTED EARTHQUAKES
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- HF Rupture Catalog (0.5 — 2.0 Hz) - Rupture pattern + HF STF
- 2010-2021 : = Mw 7.5 (52 events) - Automatic length, speed and directivity

- Scaling relations
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

WE EXTENDED THE MULTI-ARRAY
APPROACH OF ROSSLER ET AL. (2010)
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MULTI-ARRAY MULTI-PHASE IMAGE
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2. DYNAMIC TRIGGERING:

THE 2016 SOLOMON ISLANDS EARTHQUAKE
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3. SHORT-PERIOD RUPTURES OUTLINING
SUBDUCTING ASPERITIES

Helmholtz-Zentrum RESEARCH FOR GRAND CHALLENGES
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4. DEPTH-VARYING SHORT-PERIOD ENERGY RADIATED

Helmholtz-Zentrum RESEARCH FOR GRAND CHALLENGES



ALONG-DIP SEGMENTATION

Accretionary Wedge

Aseism

Conditionally
Stable

Seismic

Repeaters —

Slow slip/Tremor

Lay et al. (2012) B->C -

Overriding

33
— 0 0.5-2.0Hz

BACK-PROJECTION

Plate

NINK 2010 Mw 7.8 MENTAWAI
\ W 2012 Mw 7.5 OMETEPEC
UMK 2016 Mw 7.8 PEDERNALES
N 2014 Mw 8.1 IQUIQUE-PISAGUA
B 5,6
i 2016 Mw 7.9 SOLOMON 1.
8,9
10,11
fle 2014 Mw 7.6 IQUIQUE
K 13,14

Depth (km)

2021 Mw 8.1 KERMADEC

MODEST TO HIGH AMOUNTS OF
COHERENT SHORT-PERIOD ENERGY

0 0.5 1
Energy Radiated (Norm.)

GFZ

Helmholtz-Zentrum
PorTsbpAam

5 2016 Mw 7.6 MELINKA 10 2011 Mw 9.1 TOHOKU-OKI
6 2010 Mw 7.8 NORTH. SUMATRA 11 2011 Mw 7.9 IBARAKI-OKI
8 2012 Mw 7.6 NICOYA 13 2010 Mw 8.8 MAULE
9 2020 Mw 7.8 SIMEONOF I. 14 2015 Mw 8.4 ILLAPEL



ALONG-DIP SEGMENTATION

34

NUNK 2010 Mw 7.8 MENTAWAI
\NW¢ 2012 Mw 7.5 OMETEPEC
UMK 2016 Mw 7.8 PEDERNALES
Y 2014 Mw 8.1 IQUIQUE-PISAGUA
B 5,6
\ 2016 Mw 7.9 SOLOMON I.
8,9
10,11
Y 2014 Mw 7.6 IQUIQUE
¥ 13,14

2021 Mw 8.1 KERMADEC

— 0 0.5-2.0Hz
EVENTS WITH DOMINANT SHORT-PERIOD
RADIATION IN THE SHALLOW PART OF A
THE MEGATHRUST
N — T T AN -
201010251442MENTAWAI_INDONESIA
B .
I - 0 85 0 2 o .
LZ) tn Semblance Slip (m) P B =
W |~ 3 Time (s) ~ ~
(a4
- g
L )
I — 0
|_
(a4
<
L
= C
L
(a4
-
|y %
D | Bk I
X |m m
L
I l
0 0.5

GFZ

Helmholtz-Zentrum
PorTsbpAam

100.4°E
Slip : USGS-NEIC

1

Energy Radiated (Norm.)

5 2016 Mw 7.6 MELINKA

6 2010 Mw 7.8 NORTH. SUMATRA
8 2012 Mw 7.6 NICOYA

9 2020 Mw 7.8 SIMEONOF I.

10 2011 Mw 9.1 TOHOKU-OKI
11 2011 Mw 7.9 IBARAKI-OKI
13 2010 Mw 8.8 MAULE
14 2015 Mw 8.4 ILLAPEL



ALONG-DIP SEGMENTATION

EVENTS WITH DOMINANT SHORT-PERIOD
RADIATION IN THE SHALLOW PART OF
THE MEGATHRUST

0.

0.5-2.0 Hz

5 2016 Mw 7.6 MELINKA

N — T T AN
201010251442MENTAWAI_INDONESIA
B .

% 0 85 0 2 o

tn Semblance Slip (m) 1| o

& Q Time (s) ~
o
L
<
(@)
<
(a4
>_
)
(a4
L

D |v 0

w [ X ke

T m mM

100.4°E
Slip : USGS-NEIC
GFZ

Helmholtz-Zentrum
PorTsbpAam

Depth (km)

8 2012 Mw 7.6 NICOYA
9 2020 Mw 7.8 SIMEONOF I.

0 0.5

35

2010 Mw 7.8 MENTAWAI

AW 2012 Mw 7.5 OMETEPEC

2016 Mw 7.8 PEDERNALES

N 2014 Mw 8.1 IQUIQUE-PISAGUA

5,6

W 2016 Mw 7.9 SOLOMON 1.

8,9
10,11

A 2014 Mw 7.6 IQUIQUE
¥ 13,14

2021 Mw 8.1 KERMADEC

Energy Radiated (Norm.)

10 2011 Mw 9.1 TOHOKU-OKI
6 2010 Mw 7.8 NORTH. SUMATRA 11 2011 Mw 7.9 IBARAKI-OKI
13 2010 Mw 8.8 MAULE
14 2015 Mw 8.4 ILLAPEL



ALONG-DIP SEGMENTATION

0.

MOST OF THE LARGE RUPTURES
RADIATED IN DEEPER REGIONS

! / o
201002270634MAULE_CHILE
Depth: 30.1 km
» ®. |n
[¢] = [o)
w 2 - Mw 8.8 = —2
Lz) M o® (M
LLl ‘\“
[
m AY
L | |\ W T,
L 0,
[
o
o
<
@)
()
& o 0 %0 »n
LN Semblance {0
r'; Time (s) r';
o, P _—
R 0 16
50-57 (S)\& 68-82 (s) g)ip (m)
Gl 73.6°W 71.8°W
—

Helmholtz-Zentrum
PorTsbpAam

Slip : Moreno et al. (2012)

W
Depth (km)

36

0.5-2.0 Hz

3¢ 2010 Mw 7.8 MENTAWAI
2012 Mw 7.5 OMETEPEC
2016 Mw 7.8 PEDERNALES
2014 Mw 8.1 IQUIQUE-PISAGUA
B 5.6

\ 2016 Mw 7.9 SOLOMON I.
8,9
10,11
Y 2014 Mw 7.6 IQUIQUE

K 13,14

2021 Mw 8.1 KERMADEC

0 0.5
Energy Radiated (Norm.)

5 2016 Mw 7.6 MELINKA

6 2010 Mw 7.8 NORTH. SUMATRA

8 2012 Mw 7.6 NICOYA
9 2020 Mw 7.8 SIMEONOF |I.

1

10 2011 Mw 9.1 TOHOKU-OKI
11 2011 Mw 7.9 IBARAKI-OKI
13 2010 Mw 8.8 MAULE
14 2015 Mw 8.4 ILLAPEL



ALONG-DIP SEGMENTATION

HF EMISSIONS FROM THE UP-DIP
PART OF THE MEGATHRUST
MORE FREQUENT THAN SUGGESTED
BY EARLIER RESULTS

Accretionary Wedge

Overriding Plate

—
. ........ AR b
g .

Aseismic "
Conditionall
Stable

Seismic
Repeaters

Slow slip/Tremor

Lay et al. (2012)

5 2016 Mw 7.6 MELINKA

37
_ 0.5-2.0 Hz

NUNK 2010 Mw 7.8 MENTAWAI
\NW¢ 2012 Mw 7.5 OMETEPEC
UMK 2016 Mw 7.8 PEDERNALES
Y 2014 Mw 8.1 IQUIQUE-PISAGUA
B 5,6
\ 2016 Mw 7.9 SOLOMON I.
& 8,9
10,11
Y 2014 Mw 7.6 IQUIQUE
¥ 13,14

2021 Mw 8.1 KERMADEC

0 0.5 1
Energy Radiated (Norm.)

10 2011 Mw 9.1 TOHOKU-OKI

6 2010 Mw 7.8 NORTH. SUMATRA 11 2011 Mw 7.9 IBARAKI-OKI

GFZ

Helmholtz-Zentrum
PorTsbpAam

8 2012 Mw 7.6 NICOYA
9 2020 Mw 7.8 SIMEONOF I.

13 2010 Mw 8.8 MAULE
14 2015 Mw 8.4 ILLAPEL



38

5. AUTOMATIC EARTHQUAKE RUPTURE PARAMETERS
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2015 ILLAPEL 42 8.4 <= a) 10.9° 4 o | 61.3%
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0 2020 CARIBBEAN 9 7.7 <— 264.0° - A & 104.0% £
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6. RUPTURE LENGTH SCALING RELATIONS

Helmholtz-Zentrum RESEARCH FOR GRAND CHALLENGES
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SIMILAR MAGNITUDE-LENGTH RELATIONS

LONGER RUPTURES RELATIVE TO
THEIR MAGNITUDES

HELMHOLTZ
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SIMILAR MAGNITUDE-LENGTH RELATIONS

EFFECT OF COMPLEX RUPTURES
ON LENGTH ESTIMATIONS
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RUPTURE LENGTH SCALING RELATIONS
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RUPTURE LENGTH SCALING RELATIONS
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FOR NORMAL AND THRUST EARTHQUAKES SHORT-PERIOD
SCALING RELATIONS ARE COMPARABLE TO ESTABLISHED
"LONG-PERIOD" SCALING RELATIONS

FOR STRIKE-SLIP ERRORS THE SLOPE IS RATHER UNCERTAIN
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STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH

BILATERAL RUPTURE: WELL RECOVERED RUPTURE LENGTH
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STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH
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MULTIPLE-FAULTS: NO STRAIGHTFORWARD INTERPRETATION OF RUPTURE LENGTH
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STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH
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EVEN LONGER RUPTURES CAN BE ESTIMATED BY CONSIDERING MULTIPLE FAULTS
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/. SHORT-PERIOD ENERGY RADIATED STF

Helmholtz-Zentrum RESEARCH FOR GRAND CHALLENGES
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8. RUPTURE SPEED & SUPERSHEAR EARTHQUAKES
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CONCLUDING REMARKS

Complete catalog of HF rupture histories:
=Mw 7.5 (2010-2021)

* Automatic length, speed & directivity: Near-
real-time application

* New scaling relations from HF ruptures.

Previously reported only based on geodetic

data and seismicity

* HF emissions from the up-dip part of the
megathrust more frequent than suggested by

earlier results

« BP with

rupture outlining subducting asperities and

improved resolution provides HF

complex earthquake rupture images
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