Discharge rate of volcanic eruptions as inferred
from observed ground deformation and conduit
flow models

Takeshi Nishimura (Geophysics, Tohoku Univ.)

G2-1 : Development of evaluation method of discharge rate



Purpose of this study

To Understand how the volcanic products are effused from the conduit

This is most important to predict the spatio-temporal distributions of ash

1. Examine characteristic behaviors of tilt records that can
capture macroscopic pressure changes of magma
chambers during eruptions.

2. Magma flow models are examined to interpret the
observed tilt records.

Gas bubble growth model (Scanndone & Giacomelli, 2001)

Shock tube model with magma fragmentation (Koyaguchi and Mitani, 2005)
Magma pressure driven model (e.g., Hreinsdéttir et al. , 2014)

Pseudo-Gas model (Nishimura et al., 1998)



Examination from tilt records

Small eruptions



Shinmoe-dake May 27, 2010 Phreatic explosion
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Ontake-san Sept. 28, 2014

Phreatic explosion WMWWMWWWWWWWWMW\W» W | 1%

Acoustic
\-
@Tanohara 11:41 11:45 140MiQNTN.TE
Start of  Start of \
tremor inflation | _ - Tilt EW comp
' 1min T——

Seismic signal (UD) D

dpa -Ar-',-ru-ﬁ-»-}rh 768pm/s

4
L 1 L
11:30 11:40
: —
Tilt Signals i | BORBALES
NS '[ Uplift toward
i N and E
EW
: i~ HADRRAEMS
| | | ! 5 L I L
11:30 11:4 11350 12:00

B4 #HEL BAEEFORBT -2 RUERT—2OKR
( Volcanic Activity Data by JMA)



Tilt signals from the occurrence of eruption (semi-log plot)

Shinmoe-dake, 2010 Ontake-san, 2014
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Pseudo-gas approximation model

Pseudo Gas Approximation
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Examination from tilt records

Large Eruptions



On Aug. 18, 2013
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Geodetic volume change (x10° m3)

Shinmoe-dake Jan. 26, 2011 Sub-Plinean eruptions
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] Q=dV/dt=const.
A magma eruption model

dp=—kdV/V10

Gas bubble growth in magma chamber
Choking condition at the conduit exit
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Summary

. Volcanic pressure sources exponentially decay with time for small eruptions
(Ontake 2014, Shinmoe 2010, Sakurajima vulcanian). The exponential decays
are matched with the predictions from magma pseudo gas approximation
model.

. Contrary, large magmatic eruptions indicate constant decays of pressure of
the sources (Plinean of Shinmoe, 2011, Sakurajima).Magma eruption model
with chocking condition can explain the constant decays.

Exponential decay and constant decay can be also examined from detailed
observation and analyses of volcanic ash monitoring.

Eruption with exponential decays may enable us to predict the duration time
of eruption and roughly estimate the volume of ejecta if we can precisely
monitor the ground deformation. But, eruptions with constant discharge rate
may suddenly stop, which makes the prediction difficult.
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Magma pressure driven model

Grimsvotn Volcano, Iceland
Explosive Eruption of basaltic magma in May 2011
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Data during eruptions

= Eruption column (Rader observation)

= Eruption tremor (seismic observation) Unknown and complex
VEI and maximum amplitude (McNutt, 1994) mechanism of eruption

tremor !
Temporal changes (McNutt & Nishimura, 2008)

Eruption volume and tremor amplitude at Sakurajima (lguchi, 2012)

* Volcano deformation

(Geodetic observation) 70
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