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Regional Great Earthquakes

Thorne Lay



Pacific
Plate

Solomon Sea /

Plate

/
re-entrant?

Woodlark
Plate

Australian
Plate

158°
bathymetric contour interval: 200m




154

156

158

|
W 07.26.1971 § = | =
' ( {M\N_S'O) . ;'T' ’ . =X 7\;;‘7"-.
¢ \q\ P . fi  Study Area
/,/‘\ S \07.141971 4
, \(Mw=8.]1
(=) AUSTRALIA
- ” : ‘
\ V - k ) Vf“\
\ l/ e

01.31.1974
(Mw=7.3)

Biggest Aftershock
Centroid (GCMT)
Epicenter (NEIC)

Region of one month
of Aftershocks

A

02.01.1974

1 07.20.1975a
) (Mw=7.6)

(Mw=7.4)

OJP

~GCMT

§

o
/

04/01/2007
< (Mw=8.1)
PR

(QED) N
8

|




Woodlark Bai
Plate Boundary

- 0.5 Ma

= - - - /. ©
- ) d
—— , = }
. : - e y,
g Vo %

3 -
et ~r

stralia Plate,

. e
Yl o 5
‘l,l ~ 2 - A."
- P AUl

\
3

52 fatalities, thousands homeless Furlong et al., Science 2009
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Uplift measured. Taylor et al. NatGeo 2008
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Updated slip model concentrates

slip toward trench. Rupture velocity
of 2.0-2.5 km/s and moment-scaled
radiated energy not like a

shallow tsunami earthquake. Possibly
due to lack of sediments on the
megathrust. =
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Coastal zone
affected by tsunami

Coastal zone severely
affected by tsunami

Main slip (>~4M)
zones (Yagi, 2007)

Main slip (>~2m)
zones (Ji, 2007)
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Largest waves at Simbo, Ghizo, Ranungga, almost no Fisher et al., 2008
warning time possible



Plate Configurations @ 0.5 Ma
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Northern Vanuatu Subduction Zone

All NEIC Hypocenters and Magnitude Since 1973
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0.89 m at Lata Gauge, 11 m runup on West Nendo

Lay et al., Tectonophysics 2013
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Mo=1.5 x 10°'N-m

Total Er(0.005-1.0 Hz) 9.1 x 10'5J
Er/Mo = 5.76 x 10
Er(0.05-1.0 Hz)/Er = 23.7%

Normalized Cumulative Energy

—— Ao =3 MPa, Vs =3.75 km/s
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Vp 6.6 km/s, Vs 3.65 km/s,
Density 2900 kg/m 3

I('J’3 107!
Frequency (Hz)

2012 Philippine R
o ': 1994 Shikotan
® . 2006 Tonga S
2009 Ku(ll Is: 2001 Inciia ‘ . .2009 Samoa
2009 Andaman-® : 2007 2007 Kuril Is
© 2007b_1 Sumatra

2002 Sumat 2012 Guatemala ~ ©2012 Haida Gwau
ey & - %007b Sumatra

2012 Costa Rica
@ 2008 Sumaira 200.72&&?\3%“ 5001 Péru
& 2003 Tokachi-oki

©--2013 Santa Cruz Is." @ o S i

2010 Chlle 2011 Tohoku
9. .:--®

IR N A 0% AR A L zo0asuma
@ 0 2010 Memawal oo

ay-ebeeed
2012 El Salvador ' 226 Pert

2006 Java

e !
2004 Sumatra-

@ 1992 Nlcaragua

® Interplate
@ Intraplate

(] ;Tsunj‘ami :Earttimquakes

102 10!
Frequency (Hz)

R 1964 Alaska 1960
° Chile

2011 Tohoku

.

o
2004 Sumatra-
/'\xfdaman

012 Costa Rii:'a
® #2012 Haida Gwaii

2012 Guatemala

® 2013 Santa Cruz Is
2010 Men;awa|~2006 Java

e
.

S #1994 Java
o 1996 Peru

@1992 Nicaragua

55F .
~."2002 Ggerrero #2012 El Salvador

6.0 7.0

Lay et al., Tectonophysics 2013




Ragcliiiic

QO

. ® %" 07 0ct 2009 (7.7)-
West Torres -\
Massif:

891:9mm/yr E - . ; S -
” | 8 0° i |
00-25 km g ’

025-50 km ] 07 Oct 2009 (7.4)
050-100 km :

©100-250 km

0>250 km

164° 165° 166° 167° 168°

Cleveland et al.,

5 4 3 2 -1 0 1 2 3 JGR 2014
Ocean Depth / Elevation (km)




-20 -10 0

Mo =0.451E+21 Nm
M~ =770

Depth = 31 km

Strike = 348°

Dip =45°

Rake =94°

Cleveland et al., JGR 2014



07 Oct 2009 (7.6)

YV GCMT Centroid

Mainshock and
Aftershocks

167° 168°

Cleveland et al., JGR 2014



Northern Vanuatu Subduction Zone
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Southern Vanuatu Subduction Zone
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Summary

1. Vanuatu region has hosted M 7.7.-8.0 earthquakes;
several large doublets/triplets (1965, 1980, 2009)

2. The seismic activity level is high, and includes modest
numbers of intermediate and deep earthquakes

3. The slab appears to be segmented, and large fracture
zone disrupts seismicity, but the arc is very straight
with fishhooks at north and south

4. Unclear whether any region has characteristic rupture,

does seem that multiple asperities are involved
5. Large outer rise faulting has occurred.



