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Tectonic frame
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Tectonic frame
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Multi-episodic processes Wi
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Fuente: Umafia, P. (2020). Universidad Nacionalanimaen 3D el antes y el después del deslizamiento en el volcan Irazu. E/
Observador. https://observador.cr/universidad-nacional-anima-en-3d-el-antes-y-el-despues-del-deslizamiento-en-el-volcan-irazu/
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Landslidein 2014

Seismic evolution

Days before collapse, discrete low
frequency (LFe) and repeating
earthquakes appear.

30 min before the catastrophic
collapse, the repeating
earthquakes merged forminga
tremor signal.

The amplitude of the tremor
increases exponentially, then
reduces dramatically for ~20
seconds

Chaves et al., 2022 (in progress)
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Landslidein 2020

Seismic evolution

Days before collapse, discrete low
frequency (LFe) and repeating
earthquakes appear.

30 min before the catastrophic
collapse, the repeating
earthquakes merged forminga
tremor signal.

The amplitude of the tremor
increases exponentially, then
reduces dramatically for ~20
seconds

Chaves et al., 2022 (in progress)
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a)

Along dip

Precursory seismicsignals before the 2020
Irazialandslide

*  Magnitude calibration: Ml between 0 and 2
* Inter-eventtime reduces linearly before collapse
*  Presence of 10 families with repeating earthquakes

confirming slow slip driving the process.

But... What is a repeating earthquake?

Velocity Strengthening
(Creeping zone)

—_—
Along strike

LACSC Meeting, Quito Ecuador 2022

‘ Seismic station
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Repeating
earthquake

R(t) = S(t) * P(t) *I(t)
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Precursory seismic signals before the 2020 Irazi landslide:

Waveforms for the RE Family 2

Normalized amplitude
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Magnitude

Cumulative slip, cm

Precursory seismic signals before the 2020 Irazi landslide:

RE time evolution
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Landslidein 2020

Seismic evolution

Days before collapse, discrete low
frequency (LFe) and repeating
earthquakes appear.

30 min before the catastrophic
collapse, the repeating
earthquakes merged forminga
tremor signal.

The amplitude of the tremor
increases exponentially, then
reduces dramatically for ~20
seconds

Chaves et al., 2022 (in progress)
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Landslidein 2020

Seismic evolution

The amplitude of the tremor
increases exponentially, then
reduces dramatically for ~20
seconds

Chaves etal., 2022 (in progress)

M,=u-A-D

M, = Seismic moment

1 = Shear modulus

A = Rupture Area

D = Average rupture displacement
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Previous observations of rocklandslides

(@) /1o
Landslide

{masl) (degrees)|
m 50 gg
7 40 70
RAUSU o B
/Landslide 20 s
i 10 20
10
145° ’ 145.2° . 0 0

- -

=50 N /On'ginal surface (d)

Sl
0 dillg slllﬁcg (’w

Pumice, roam
Terrace deposit ; .

Fractured shale with thin tuff layers 0
Hard shale with thick tuff layer

Figure 1. Map and digital elevation model. (a) Map of Japan showing the location of landslide. (b} Map of Shiretoko
peninsula with location of the landslide. Seismic stations are shown with triangles, and a meteorological station
(Automated ﬁ 2& | Data Acquisition System (AMeDAS)) is shown with an open circle. (c) Digital elevation
of the landsk i?gz
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Previous observations of rocklandslides
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Previous observations of rock landslides
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Tremor stops 20 s before catastrophic collapse

Frictional transitions '
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