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The 2012 off-Sumatra earthquake sequence
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The 2012 off-Sumatra earthquake sequence

Unique seismotectonic environment (equatorial Indian Ocean)
» Diffuse deformation zone separating Indian and Australian plates

“Record books” earthquake

» Largest strike-slip earthquake ever recorded
» Largest intraplate earthquake ever recorded

Rupture complexity
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Outline

|.W phase point source solutions
» Mw8.6 Mainshock
» Mw8.2 Aftershock (O.T.+2h)
» Smaller aftershocks (5.8<Mw<7.0)

2. Rupture directivity
» Radiation pattern
» Amplitude ratios
- » Surface-wave moment rate functions
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. Point source inversion - WV phase
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Data selection:
» 3 component velocimetric data (A < 90°)
- mainly Il, IU, G, GE networks
» Based on theVLP pre-event noise (3h)
W phase:

» Full elastic field (Near + Far field)
» Group velocity: 4.5-9km/s
» Very long period (100 s - 1000 s)




Displacement, mm

. Point source inversion - WV phase
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Data selection:
» 3 component velocimetric data (A < 90°)
- mainly Il, IU, G, GE networks
» Based on theVLP pre-event noise (3h)
W phase:

» Full elastic field (Near + Far field)
» Group velocity: 4.5-9km/s
» Very long period (100 s - 1000 s)




l. Point source inversion - Mw=8.6 Mainshock
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l. Point source inversion - Mw=8.6 Mainshock
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l. Point source inversion - Mw=8.2 Aftershock
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|. Point source inversion - 5.8 <Mw<8.2 Aftershocks
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|. Point source solutions

Global CMT solutions, epicenter locations

Focal mechanisms: from En.g.dahl et al., IIDG?

» Typical for this region
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|. Point source solutions

Strain-rate field modeled by

Focal mechanisms: Delescluse and Chamot-Rooke (2007)
» Typical for this region
» Consistent with regional strain rates
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ll. Surface-wave directivity for the Mw8.6 mainshock

Observed/Predicted rms amplitude ratios:
» Observed amplitudes : Short-arc (R1,G1) and long arc (R2,G2)

surface waves
» Predicted amplitudes : Point source synthetics for a 3D Earth
(SEM, S362ANI+Crust2.0)
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ll. Surface-wave directivity for the Mw8.6 mainshock

If there were effect of finiteness, the observed/predicted amplitude
would be unity for all azimuths

. Rayleigh- and Love-wave amplitudes are enhanced in azimuths
~ around 260°N (i.e., 260° clockwise from north).
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ll. Surface-wave directivity for the Mw8.6 mainshock

If there were effect of finiteness, the observed/predicted amplitude
would be unity for all azimuths

. Rayleigh- and Love-wave amplitudes are enhanced in azimuths
~ around 260°N (i.e., 260° clockwise from north).
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ll. Surface-wave directivity for the Mw8.6 mainshock

Surface-wave Moment rate functions (MRF)
» Short-arc Rayleigh-wave (R1), Broad-band (25-600 s)
» Point source SEM synthetics (S362ANI+Crust2.0)
» Projected landweber deconvolution method

Directivity parameter I" = cos(@ - @)/c

» Allows us to transform any cosine azimuthal moveout
into a linear moveout

Azimuth relative to ¢ =250°, deg
n,-::f «fwsm $ & N 8§

200 ! - A deg
| ) 130
150 120
] 110
100

‘ 90

’. ) 80

{70

"" )

150
140

H
o
o

Time, sec
U'E

F(¢r-250°), s/km



ll. Surface-wave directivity for the Mw8.6 mainshock

Directivity effect in the southwest direction also visible here

» Large amplitudes and short duration in the southwest direction
» Duration increases with decreasing directivity parameter

Two distinct pulses

» Second pulse shifts systematically to later times
» Suggests rupture partitioning into at least two distinct subevents.
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lll. Multiple-point-source inversion

Observables:
» W Phase waveforms at shorter period than
is typically used for single-point-source
inversions of Mw>8.0 events (150-500s).

Parameters:
» Seismic moment tensor: Focal mechanism, Mw
» Point source location
» Timing

Neighbourhood Algorithm sampler (Sambridge, 1999):
» 200 iterations
» 100 samples / iteration
» 50 resampled cells / iteration



Two-point-source inversion: 2012 off-Sumatra mainshock
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Two-point-source inversion: 2012 off-Sumatra mainshock
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First-order directivity analysis
Rayleigh waves
N

Single-point source

Two-point source
Most robust Oth order model to




Latitude

Comparison with preliminary finite-fault models
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Latitude

Comparison with preliminary finite-fault models
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Centroid Depth: Mw=8.6 Mainshock

» Rayleigh wave amplitude (Love wave amplitude~constant) v R
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Centroid Depth: Mw=8.2 Aftershock

» Rayleigh wave amplitude (Love wave amplitude~constant) v R
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Centroid Depth: Slip distribution for Hc=30km

Hard Numbers:

» Seismic moment: M0=9.2x102'N.m
» Centroid Depth: Hc=30km

The total rupture length L is not well constrained but a reasonnable estimate
(from directivity, etc.) is L=200km for which substantial slip occured

» Uniform: D=MO0/[2xpuxLxHc]
» Linear: D(n=0=2xMO/[3xpxLxHc]

Localized Uniform Linear
| D I5m D 20m D
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Conclusion

» Various seismological observations reveal a remarkable complexity.

» Our analysis of long-period seismic waves yielded a two-point-source

model for the Mw=8.6 mainshock.
- Source I: Mw=8.5, O.T.+ 36sec
- Source ll: Mw=8.3, O.T.+ 1 06sec

» To explain the remaining discrepancy in the radiation patterns, we can

invoke a simple WNW-ESE asymmetric bilateral rupture
- We do not exclude complicated models involving NNE-SSW ruptures
as long as they do not violate constraints from long-period seismic
waves (i.e., Mo, radiation patern, directivity).

» Large centroid depth both the Mw=8.6 mainshock and the Mw=8.2

aftershock (Hc~30km).
- Suggests a relatively large depth extent of faulting,
- Reveals active deep lithospheric deformation.



For more information...

ECGS Workshop:
» Ampuero - Friday afternoon session: Insights on earthquake dynamics enabled
by high-frequency source imaging with dense seismic arrays.

» Meng et al. - Poster |7: Compressional rupture branching in a weakened oceanic
lithosphere during the I | April 2012 Mw8.6 Sumatra eartquake.

2 published articles:
Meng et al. (Smence 201 2) Duputel et al. (EPSL, 2012)
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