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GEOPHYSICS

A Rogue Earthquake Off Sumatra

Jeffrey J. McGuire' and Gregory C. Beroza®
F l Yhe magnitude (M) 8.6 earthquake of
11 Apnil 2012 off the coast of Suma-
tra 15 one for the record books. It is far
and away the largest strike-slip earthquake
in the instrumental record. The M, 8.2 after-
shock that occurred just over 2 hours later
is also among the largest such earthquakes.
Furthermore, the 11 April mainshock may
be the largest intraplate earthquake ever
recorded, although the location (see the fig-
ure) 1s consistent with the notion of a wide,
diffuse plate boundary that bisects the Indo-
Australian Plate near the Ninetyeast Ridge
(7). The earthquakes are the latest in a series
of large (M, 8) intraplate strike-slip earth-
quakes in oceanic lithosphere (2). What do
these earthquakes reveal about earthquake
physics, and how might they change earth-
quake hazard assessment?

Science, 336, 1118, 2012

Australian Plate




Kagan, Y. Y., 2002. Aftershock zone scaling, Bull.
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Plot of log aftershock zone length (L) against moment magnitude (m).

Magnitude values are shifted in formulas shown in the plot (m, = m — 8.25). Rupture
length is determined vsing a 1-day aftershock pattern. Values of the correlation coef-
ficient (), coefficients for linear (dashed ling) and quadratic (solid line) regression,
standard (7) and maximum (&g,,) errors, and the total number (n) of aftershock se-
quences are shown in diagram. (a) All earthquakes, symbols are similar to Figure 2;
(b) thrust earthquakes: (¢) normal earthquakes; (d) strike-slip earthquakes.
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Aftershocks vs moment, all earthquakes (mW > 7.0, 1977-2012/04/13)
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Tohoku M9 earthquake and tsunami

Over the top. The 11 March tsunami
”‘# 'ovgrwhelmed a coastal seawall
s 1n Miyako City designed for

' lesser waves.




Evaluation of Major Subduction-zone Earthquakes WEASHE LSS

As of October, 2008

Region name Northwestern Hokkaido-oki
0,
Earthquake occurrence M7.& 0.006-0.1% ::;ﬁlt:nb:;lj:gfcurrence
probability within 30 years ~ with Tokachi-oki
M8.3

Legend: | Northern Sanriku-oki

Nemuro-oki
MBO 0.1-10%

Magnitude "~
Earthquake occurrence probability is based on January 1, 2008

Pan Seq

= —
The Tokachioki
|| Earthquake in 2003

¢ M8.0

About 60%%

%Probabllity  immediately
before the oceurrence of
earthquake

—_—
Tokachi-oki It is the first case that the
M8.1 0.1-1% earthquake  which  the
q Headquarters for Earthquake
zlcngldlrtrirlll?:‘;u\illh 4 Research Promotion has
A expected lo oceur in the
Nemuro-oki long-term evaluation of the
Ma.3 earihquake occurrence, was
actually sceurred.

/

Eastery margin of 45

Akita-oki
M7.5
=About 3%

Japan Trencp

o

A

Northern Sanriku-oki
M8.0 0.1-10%

§ |
Narthern Sadogashima-oki]

M7.8 3-6%
L ~
Interplate earthquake LD B
in Hyuganada ] Miyagi-ken-oki
M7.6 About 10% N - M7.5 99%
: / simultaneous occurrence with
/ close to the trench in southern
Sanriku=Oki

Sanriku-Oki to Boso-Oki
along the Japan Trench
Tsunami earthquakes

Mt8.2 About 20%

(6% for specific region)

Normal faults type

W‘T[ﬁug“
et Fukushima-ken-oki| = M8.2 4-7%
1 M7.4 (1—2% for specific region)
’ ML the scale of an earthquake that
| =About 7% measufes byna tsun::'n :e\gm
Me.1 60-70% [ |baraki-ken-oki
simultaneous occurrence
with Nankai Earthquake (Reference value) | M6.8 About 90%
M8.5 M8.0 87% |
- / Other M7 scale earthquakes
in the Southern Kanto

| M6.7—7.2  About 70%

Interplate earthquake i
2 9 Nankai Earthquake Along the Sagami Trough

in Akinada, lyonada M8.4  About 50% Bl e

and Bungosuido simultaneous occurrence ‘(‘1323DT .ah L=l e)o
. with Tonankai Earthquake I 72

ME.7—7.4 About 40% M8.5 M7.9 Nearly 0-1%

L

This map shows the estimated magnitude and long-term
possibilities within 30 years of earthquakes on regions of offshore

based on Jan.1, 2008.




Bird, P., and Y. Y. Kagan, BSSA, 94(6), 2380, 2004.

SUB: Subduction Zones (including orogens) of PB2002
1000 T T
—s— merged catalog, 1900-2002
— — beta=0.64, mc=11
beta=0.64, mc =9.58

— — beta=0.64, mc=9.12

merged-SUB-all 1900-2002.9.30, m>7.1
T T T I'Il. T E | 11.0

100

N
"

I 1405

e
I
nn

N
-
T

i ]
i f i
i e
win 'y

N
0

‘Iogm(MCH N m)
o
e

Corner Magnitude

~N
nNo
T
@
o

2 L L 1 1 1: 1 'l 1
\\ 010.2030405060.70809
Beta

10

190(:;] .31 Peru Trench
1965002.04 Amchitka Island

1963.103;3 Kuril Trench

Number in catalog with magnitude > m

N
1960.05.22 Chile \ \\\ <
7.0 75 8.0 8.5 9.0 9.5 100

Moment magnitude, m




Kagan, Y. Y., 1997. Seismic moment-frequency relation for

shallow earthquakes: Regional comparison, J. Geophys. Res.,
102, 2835-2852.

equations 12-14|. We calculate the maximum magni-
tude for the gamma distribution as

Myg = al—z:gs [lgM -+ lg(l—‘é)
— BlgM; — Igey — 1gT'(2 - B)] - 22, (9)

where I' is a gamma function, a; is the yearly num-
ber of events above the threshold level (a = n/AT,
where AT is the time span of the Harvard catalog —
18.5 years), and M is a geologic rate of deformation (N
m/yr). For the g3 range of 0.5-0.9, IgI'(2 — 3) is almost




Flinn-Engdahl zones

GCMT, subduction zones, 1977-1995/6/30: Corner magnitude (MC) distribution, BK2004
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Flinn-Engdahl zones

GCMT, subduction zones, 1977-2010/12/31: Corner magnitude {MC) distribution, BK2004
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CENT, M[=6.5; subduction zones, 1900-1976: Corner magnitude {Mc) distribution, BK2004
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Kagan, Y. Y., 1997. Seismic moment-frequency relation for shallow

carthquakes: Regional comparison, J. Geophys. Res., 102, 2835-2852.
KAGAN: SEISMIC MOMENT-FREQUENCY RELATION
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Aftershocks vs moment, all earthquakes (mW >7.0,1977-2011/08/14)
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Flinn—-Engdahl zones

GCMT catalog, subduction zones, 1977-2010/12/31: p distribution
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Flinn—Engdahl zones

GCMT, subduction zones, 1977-2010/12/31: Corner magnitude (mc) distribution, BK2004
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The Headquarters for Earthquake Research Pramation

Evaluation of Major Subduction-zone Earthquakes

As of October, 2008
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REALITY CHECK

The Japanese government publishes a
national seismic hazard map like this
every year. But since 1979, earthquakes
that have caused 10 or more fatalities in
Japan have occurred in places it
designates low risk.
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