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All the M26.5 (interplate and intraplate) earthquakes which occurred in
these two densely instrumented zones between 01/01/1999 and 01/01/2011
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normalized cumulative number of events
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Deep and shallow seismic activity before Tohoku

earthquake
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Northern Japan
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Time series of the gravity signals at different stages of their analysis. Blue dots:
December 2010 and February 2011 values; pink dots: March 2011 value.
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“We show that this earthquake is the
extreme expression of initially silent
deformation migrating from depth to the

surface [ ] starting a few months before
March 2011.”

Panet et al. 2018



The 2014 M8.2 Iquique, Chile, earthquake

“Accelerations in seismicity started around 270
days before the mainshock”

Kato et al., 2016



normalized cumulative number/moment of events
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Deep and shallow seismic activity before 2014 M8.2 lquigque
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normalized cumulative number of events

o
©

o
(o]
T

o
~J
I

o
(o]
T

o
(S}
T

<o
»~
I

o
w
T

o
[\ ]
T

e
—_
I

M 8.8 Maule
(Feb 27 2010)

epicentral area (M>4)
down-dip in slab (M>3.2)

January 21
January 22

Start of foreshocks
(January 14)

10 hours apart

-100

-90

-80 -70 -60 -50 -40 -30 -20 -10

time before earthquake (days)



74'W 72°'W 70°'W 68°'W 66'W

18.8 K W ——o 18.S

‘»(201 4 1QUIQUE

20°S 20°S
22°S 22°S
24°S foas
26°S 26°S
28's R og's
30°S 30°S
32°S 32°S
34's 34's
36°S 36°S
3g's H : X ! | 35S

74°'W 72°'W 70'W 68°'W 66'W



74W 72°W 70°W 68 W 66'W
18°S e 18°S

20°S

20°S

22°S

22°S

24°S

26°S

28°S

l 28°S

30°S

30°S

32°S

34°S 34°S

36°S 36°S

38°S b = < " y 11 38°S
74° W 72°W 70°W /88°W 686°W



18°S e 18°S
20°S 20°S
22°S 22°8
24°S 24°S
26°S | 26°S
28°S 28°S
30°S 30°S
32°S

32°S

34°S 34°S

36°S 36°S

38°S b = < " y 11 38°S
74° W 72°W 70°W /88°W 686°W



normalized cumulative number and seismic moment
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Moment correlation between all shallow and deep
events located within 2° of Tohoku epicenter
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12 hours comalation
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Seismic activity increases deep (~100km) In
the slab before several giant subduction
earthquakes.

This moderate activity Is spread over a
broad range of the slab and is synchronized
with bursts of activity in the seismogenic
zZone.

Some characteristics of this activity are
reminiscent of those of SSE’s: Small
deformation/slip occurring over a broad
spatial range over a period of a few months.



18 shocks are visible in the 6 triggerred windows:

S
w

23h
17mnédis

18mn21s
AURERAA A A A e MAAMAAAANNAANAAA AV
41mnR5s A A Arc AMAM ""'
HD2T8 AN MANVNMANAMAMAANAA

mn34s

41mn46s
NARARCAMN MMM AN\ A

43mn0Bs

PELLRAA AN AMAMMNVAANAMA A\

43mn2

48mnols

49mn26s
SRSt MV VAN AN AN
59mMnS2s

59mnS6s
Oh

NHLI05 AN AN APNA A/
%-/\/\nﬂn MAMMAANN A A AAAAA TN

0 1 2 2.4
time (s)



29°00' 29°30' 30°00° 30°30° 31°00 31°30'
41°00° “pmag BT B IR T——

40°30' :
29°00' 29°30' 30°00' 30730 31°00' 31°30'

The 150km-long Izmit rupture and the closest stations to the epicenter



shift to maximize correlation (s)
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