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Multi-parameter approach to studying volcanic
processes over variable timescales




Fuego and Santiaguito — laboratory volcanoes
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Seismic + acoustic for basic explosion identification
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Explosive energy partitioning between seismic and acoustic

(VASR): n =E ,/Eg Possible methods of generating variable VASR

A) Density-Dependent Kinetic Energy Transfer
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Fuego explosive energy partitioning and related activity

Pa

Cumulative
acoustic

Velocity (um/s) energy (MJ)

Cumulative
seismic
energy (MJ)

16 January 2008 (16.48.36

T T T T 1

cumulative seismic energy released: 0.296 MJ

I T B

o

60 80 100 120 140
time (s)

160

Pa

v =

2usS

S5

RTINS

23D

ECyg

S5®c

v o

“w

S~

£

=

>

=

o

o

]

>

v =
>

:.g%

LE >

'é.‘c@

Yo

SV ¢

v o

27 June 2008 (00.30.22 UTC) - active lava effusion

cumulative seismic energy released: 2.094 MJ

L 1 1

80 85 90 95 100 105
time (s)



Fuego explosive energy partitioning 2008, 2009
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Study site and experimental setup — Fuego 2009

e 10 broadband
seismometers (60
and 30 s corner)

e 8infrasound sensors
(50 s corner)

e UVcamera (~1Hz
sample rate)
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Fuego strombolian explosion VLPs 2009

e All significant (>100 Pa @ 800m) strombolian explosions accompanied by VLP signal
20-Jan-2009 03:17:34
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Repeating VLP events in 2009

(>100 Pa) over 19 days
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Fuego 2009 VLP waveform inversion results

* 6 moment component best fit source (240 m west, 380 m below summit crater)
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Fuego seismic VLP location 2009
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Fuego seismic VLP location 2009

L P

385

380 k

summit crater

b .



Extracting apparent tilt from broadband seismic data

Stromboli volcano
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Tilt signal accompanies 2009 Fuego strombolian explosions

» Apparent tilt derived from Guralp-40T (30s) seismometer located 800m from crater
* Positive tilt away from summit crater 4-6 minutes prior to explosions
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Tilt signal accompanies 2009 Fuego strombolian explosions

r to explosion initiates decrease in tilt
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UV camera SO, emissions

* UV images reveal 2 active vents

* Decrease in SO, prior to explosions [Nadeau, Palma, Waite, JGR, 2010]
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UV camera SO, emissions and tilt

* 10s of minutes of gradual SO,
decrease prior to explosions

* Positive tilt away from summit
4 - 6 minutes prior to explosions

» Restriction of gas escape by cooling
and/or crystallization pressurizes the
upper portion of the conduit and | Conseei pathlengt:;j(ﬂppm-nii‘---.. .
drives explosions ]
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Fuego volcano multi-parameter data summary

« Combined seismic and acoustic records greatly aid in distinguishing
explosive events

* Tracking explosive energy partitioning relatively easy way to track activity
and has potential as a continuous monitoring tool

 VLP studies made possible through use of broadband instruments and
allow for source location and constraint of geometry and volume

* Broadband seismometers can be used as tilt meters near volcanic sources

 Combining seismic, acoustic and gas data allow recording and
interpretation of volcanic processes at variable timescales
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Santiaguito: A composite volcanic earthquake
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Santiaguito: A composite volcanic earthquake
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Santiaguito: A composite volcanic earthquake
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Questions?




