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1. EARTHQUAKE IMAGING METHOD & ESTIMATION OF 
RUPTURE PARAMETERS

2



    -  HF Rupture Catalog (0.5 – 2.0 Hz)

    -  2010-2021 : ≥ Mw 7.5   (52 events)

   

    -  Rupture pattern + HF STF

    -  Automatic length, speed and directivity 

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

WE EXTENDED THE MULTI-ARRAY 
APPROACH OF RÖSSLER ET AL. (2010)
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

MULTI-PHASE: LATERAL RESOLVABILITY IMPROVEMENTS

DEPTH PHASES FOR EARTHQUAKES ≥ 40 km
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

WEIGHTS TO BALANCE THE ARRAY CONTRIBUTION
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

MULTI-ARRAY MULTI-PHASE IMAGE

FULLY AUTOMATED RUPTURE INFORMATION
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

BACK-PROJECTED RUPTURE

 LENGTH
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CANDIDATE LENGTHS ESTIMATED
BY PROJECTING THE RUPTURE
ON CROSS-SECTIONS (0  360°)→

MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

CROSS-SECTION

 LENGTH
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 A SEARCH GRID PROVIDES THE 
 RUPTURE LENGTH EVALUATED 
 OVER MULTIPLE CROSS-SECTIONS 

MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

 LENGTH
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BEST FIT BETWEEN THE RUPTURE
AND CROSS-SECTIONS CONTROLS
THE RUPTURE DIRECTION
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DIRECTIVITY BASED ON WHICH SIDE
SEMBLANCE MAXIMA IS DOMINANT

MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

 DIRECTIVITY
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

RUPTURE SPEED 
  TIME SERIES

STRONGLY AFFECTED BY LOCATION
UNCERTAINTIES FOR SMALL DISTANCES
AND TIMES BUT STABILIZES QUICKLY

FIRST UNSTABLE 10 s ARE IGNORED
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

RUPTURE SPEED 
  TIME SERIES

TIME SERIES SMOOTHED WITH 
A 4 s WIDE SMOOTHING WINDOW
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

RUPTURE SPEED 
  TIME SERIES

MAXIMIZATION  RUPTURE SPEED �
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MULTI-ARRAY MULTI-PHASE BACK-PROJECTION

RUPTURE SPEED 
  TIME SERIES

DETECTION OF SUPERSHEAR RUPTURES

Vr > Vs 

RUPTURE EXCEEDS THE SHEAR WAVE SPEED
AT THE HYPOCENTRAL DEPTH
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2. DYNAMIC TRIGGERING:
 

THE 2016 SOLOMON ISLANDS EARTHQUAKE
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

MEGATHRUST RUPTURE TRIGGERED BY A 
DOWN-DIP INTRASLAB THRUST FAULTING

                       Slip : USGS-NEIC
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(e.g., Lay et al. 2017, Lee et al., 2018)
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

HF GAP BETWEEN FIRST EMISSIONS AND 
THE DOMINANT MEGATHRUST RUPTURE

GAP
~55 km

                       Slip : USGS-NEIC
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

EXTREMELY FAST RUPTURE:
71% OF THE P WAVE SPEED

GAP
~55 km

                       Slip : USGS-NEIC
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

THE RUPTURE BECAME SLOWER WHEN 
THE REFERENCE POINT IS PLACED AT

 THE MEGATHRUST RUPTURE INITIATION

N
E
W

R
E
FE

R
E
N

C
E

                       Slip : USGS-NEIC

23



THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

CONSISTENT SUB-RAYLEIGH  SPEED
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THE 2016 Mw 7.9 SOLOMON ISLANDS EARTHQUAKE

FASTER RUPTURE 

EVIDENCE FOR DYNAMIC TRIGGERING 
BY A P-WAVE

                       Slip : USGS-NEIC

25



3. SHORT-PERIOD RUPTURES OUTLINING
SUBDUCTING ASPERITIES
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Tohoku-Oki:
Iinuma et al. 
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Pedernales:
Heidarzadeh et al.

 (2017)

Melinka:
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4. DEPTH-VARYING SHORT-PERIOD ENERGY RADIATED
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ALONG-DIP SEGMENTATION

BACK-PROJECTION

MODEST TO HIGH AMOUNTS OF
COHERENT SHORT-PERIOD ENERGY
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ALONG-DIP SEGMENTATION

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

 THE MEGATHRUST
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ALONG-DIP SEGMENTATION
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ALONG-DIP SEGMENTATION

MOST OF THE LARGE  RUPTURES 
RADIATED IN DEEPER REGIONS
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ALONG-DIP SEGMENTATION

HF EMISSIONS FROM THE UP-DIP
PART OF THE MEGATHRUST

MORE FREQUENT THAN SUGGESTED
BY EARLIER RESULTS

          Lay et al. (2012)
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5. AUTOMATIC EARTHQUAKE RUPTURE PARAMETERS
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ASPECT RATIO ~ 0.25ASPECT RATIO ~ 0.59

COMPACT RUPTURE ELONGATED RUPTURE
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6. RUPTURE LENGTH SCALING RELATIONS
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SIMILAR MAGNITUDE-LENGTH RELATIONS

LONGER RUPTURES RELATIVE TO
THEIR MAGNITUDES
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SIMILAR MAGNITUDE-LENGTH RELATIONS

EFFECT OF COMPLEX RUPTURES 
ON LENGTH ESTIMATIONS
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RUPTURE LENGTH SCALING RELATIONS

BACK-PROJECTED FAULT LENGTHS
COMPARABLE TO FINITE DIFFERENCE

METHODS

47



RUPTURE LENGTH SCALING RELATIONS

NEW SCALING RELATIONS FROM 
SHORT-PERIOD RUPTURES
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RUPTURE LENGTH SCALING RELATIONS

STRIKE-SLIP: LARGE DISPERSION
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RUPTURE LENGTH SCALING RELATIONS 50



STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH

BILATERAL RUPTURE: WELL RECOVERED RUPTURE LENGTH

Fault Geometry : Hill et al. (2015)                       Slip : USGS-NEIC
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STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH

MULTIPLE-FAULTS: NO STRAIGHTFORWARD INTERPRETATION OF RUPTURE LENGTH

Fault Geometry : Hill et al. (2015)                       Slip : USGS-NEIC
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STRIKE-SLIP EARTHQUAKES: COMPLEXITIES & RUPTURE LENGTH

EVEN LONGER RUPTURES CAN BE ESTIMATED BY CONSIDERING MULTIPLE FAULTS

Fault Geometry : Hill et al. (2015)                       Slip : USGS-NEIC
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7. SHORT-PERIOD ENERGY RADIATED STF
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 FOR MOST EVENTS, THE HF STF IS A GOOD PROXY OF THE 
 MOMENT RATE FUNCTION
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 MANY EXCEPTIONS, INCLUDING TIME-SHIFTS OR DIFFERENT SHAPES
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8. RUPTURE SPEED & SUPERSHEAR EARTHQUAKES
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2.6 km/s & 63%Vs

2.1 km/s & 55%Vs

2.7 km/s & 78%Vs

 AVERAGE
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ONLY STRIKE-SLIP EARTHQUAKES
 WERE SUPERSHEAR

THRUST AND NORMAL EARTHQUAKES
REVEALED CONSISTENT 

SUB-RAYLEIGH RUPTURE SPEEDS
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SUPERSHEAR RUPTURE: THE 2020 Mw 7.7 CARIBBEAN EARTHQUAKE

TRANSITION FROM 
SUBSHEAR TO SUPERSHEAR

 SPEED

Vs 
REFERENCE

3.9 km/s
&

104%Vs
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SUPERSHEAR RUPTURE: THE 2020 Mw 7.7 CARIBBEAN EARTHQUAKE

UNSTABLE SUPERSHEAR 
RUPTURE

Vs < Vr < √2Vs

Vs 
REFERENCE

3.9 km/s
&

104%Vs
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UNSTABLE SUPERSHEAR RUPTURES

Sentinel-2 N-S offsets: 
Socquet et al. (2019)
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9. CONCLUDING REMARKS & REFERENCES
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● 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 improved resolution provides HF 

rupture outlining subducting asperities and 

complex earthquake rupture images
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