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Why seismologists 
should be looking 
landslides (when 

possible)? 

Two types: 

• The ones that flow or deform 
in a more plastic manner 
(granular flow)

• The ones that exhibit 
catastrophic failures under 
shear stresses.

• Seismic (Stick-slip) and 
aseismic (Slow Slip) 
interactions.  

Can we use 
landslides for 

improving 
knowledge 
about fault 

physics?

• Nucleation and dynamic 
evolution of ruptures 

• Rheology / material physics 

• Rate and State friction –
Stiffness 
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van der Laat et al., 2022 

Tectonic frame

Chaves et al., 2022 (in progress)
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Fallas et al., 2015

Tectonic frame
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Multi-episodic processes

1994-12-08 

22e6 m3

2014-12-17

28e6 m3

2018-06-16

160e3 m3

2020-08-26

25e6 m3

Fallas et al., 2015
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Fuente: Umaña, P. (2020). Universidad Nacional anima en 3D el antes y el después del deslizamiento en el volcán Irazú. El 
Observador. https://observador.cr/universidad-nacional-anima-en-3d-el-antes-y-el-despues-del-deslizamiento-en-el-volcan-irazu/

https://observador.cr/universidad-nacional-anima-en-3d-el-antes-y-el-despues-del-deslizamiento-en-el-volcan-irazu/
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Landslide in 2014

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

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

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

Seismic evolution

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

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

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

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

Seismic evolution

Chaves et al., 2022 (in progress)
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Precursory seismic signals before the 2020 
Irazú landslide

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

confirming slow slip driving the process.

But... What is a repeating earthquake?

Chaves et al., 2022 (in progress)
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Precursory seismic signals before the 2020 Irazú landslide: 
Repeating Earthquakes

Chaves et al., 2022 (in progress)

Waveforms for the RE Family 2
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Chaves et al., 2022 (in progress)

Precursory seismic signals before the 2020 Irazú landslide: 
Repeating Earthquakes

RE time evolution

No REs before 
August 14th, 2020
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Landslide in 2020

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

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

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

Seismic evolution

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

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

Seismic evolution

Chaves et al., 2022 (in progress)

𝑀𝑜 = Seismic moment
𝜇 = Shear modulus
A = Rupture Area
ഥ𝐷= Average rupture displacement

𝑀𝑜 = 𝜇 ∙ 𝐴 ∙ ഥ𝐷

An increase in amplitude is directly 
related to an increase in seismic 
moment…
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Loading rate increases𝑀𝑜 = 𝜇 ∙ 𝐴 ∙ ഥ𝐷
Chaves et al., 2022 (in progress)



Previous observations of rock landslides

Yamada, Mori and Matsushi, 2016
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Previous observations of rock landslides

Poli, 2017
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Previous observations of rock landslides

Schöpa et al., 2018
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Tremor stops 20 s before catastrophic collapse 

Chaves et al., 2022 (in progress)
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Low strain 
rates (velocity 
strengthening 

frictional 
conditions)

Appearance of 
discrete LFEs 
triggered by 

slow slip

Repeating 
LFEs

Increase in 
strain rates

Transient 
embrittlement

Patches switch slip 
behavior from 

velocity 
strengthening to 

velocity weakening

Appearance 
of new 

elastically 
coupled fault 

patches

High 
strain 
rates

The number 
of small 
stick-slip 
episodes 
increases 

dramatically 

The 
recurrence 
interval of 
REs reduces

Appearance 
of Tremor

Tremor stops 20 
s before 

catastrophic 
collapse 


