Seismo-acoustic sighals of volcanic processes
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Lecture Outline:

* Introduction (15 minutes)

* Volcano-seismic signals | — VTs

* Volcano-seismic signals Il - LPs, VLPs, tremor

* Acoustic signals

* Recommendations for multi-disciplinary integrated research
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*Volcanology perspective -
understand volcanic processes from seismic/
acoustic signals and patterns

* Seismology and acoustics perspective -
understand seismic and acoustic source
processes

*Monitoring and forecasting



e Seismicity at Augustine Volcano, Alaska, 1970-2007
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After Power et al., 2019
“Failed eruption” problem - see Moran et al. 2011



Seismically monitored
volcanoes, initial
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Multiple processes produce seismic signals at

volcanoes. The signals are (mostly/sometimes)
distinctive and ultimately reflect the nature and
underlying physics of the source process

By looking for different event types, we can
identify the processes occurring in a magmatic
system and thus gain information about the state
of the volcano



* Distinguished by frequency content and shape/length

‘VT' (volcano-tectonic) or ‘HF’ (high-frequency):
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After McNutt and Roman 2015

see Minakami 1974, Lahr et al. 1994, Miller et al. 1998

for classification scheme descriptions
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* Distinguished by frequency content and shapel/length

Volcanic tremor (can be harmonic or broadband):
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Classification Issues

Utility and appropriateness of a universal event
classification scheme?

* Implies the existence of clearly distinct classes rather
than a spectrum of event characteristics

* Implies that event classes are uniquely linked to a
particular source process

* Implies that events do not interfere/interact with each
other



Station-to-station variations: Mammoth 1989
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® Bueno et al. 2019, Seismol Res Lett

* Malfante et al. 2018, IEEE Signal Proc Mag

®* Roman 2017, Geophys Res Lett
(harmonic tremor detection)
* Wech and Creager 2008, Geophys Res Lett

(broadband tremor detection)


https://github.com/srsudo/remos
https://github.com/malfante/AAA
https://github.com/dcroman/Tremometer

Explosion
seismicity

events

High-frequency
earthquakes




Generic Volcanic Earthquake Swarm Model

swarm peak relative T post-eruption
onset rate guiescence
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McNutt and Benoit (1995)
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atterns: Telica
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Volcanotectonic (VT) (aka “HF"”) earthquake:

* Clear high-frequency P and S waves, peak frequencies above 5 Hz,
short coda

* Brittle response of host rock to processes in the magmatic system

S-wave

Impulsive
P-wave onset

Hin;;r.'u—freuquen::‘_n,ur ::[;-da



Coulomb stress change:

Ac: = 1 — 1 (Acs - Ap)

Shear _/

Component

(TF‘) Induced
~—— Stress

See Toda et al., 2002; Segall et al. 2013,
Coulomb 3.3: https.//earthquake.usgs.gov/research/software/coulomb/
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Numerical models show

two induced stress regimes:

* Compression in walls of dike
(perpendicular to dike strike)

* Tension above propagating dike

After Rubin and Pollard 1988



Low-viscosity magmas High-viscosity magmas
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Piton de la Fournaise, La Reunion - 1998
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Kilauea, Hawai’i - 2018

Well-located events Jan 1 — Dec"31, 2018
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Holuhraun, Iceland - 2014
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After Sigmundsson et al., 2015
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Roman and Cashman (2018)
Seismic: Moran et al. 2008; Geodesy: Dzurisin et al. 2008; Petrology: Pallister et al. 2008
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Seismic: Power et al. 1995; Petrology: Harbin et al. 1995 and Power et al. 2002
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