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Key Scientific Questions

* How is magma stored in the crust? geometry, volume and
physical state of crustal melts.

« Can we move from empirical to physics-based eruption
forecasting?

* How to predict not only that an eruption is likely, but also
eruptive style?

« Can we predict the duration and size of an eruption once its
underway?

e Link different data types: deformation, seismic, gravity, gas,
petrology, tomography, ...




Imaging a Magmatic Sill Complex Beneath Toba
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Imaging temporal changes in
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KILOMETERS BELOW SEA LEVEL
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Augustine: Dike Propagation
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40 km Long Dike Intrusion in Iceland
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Dike Deformation and Seismicity
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Seismicity Patterns
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June 2007 “Fathers Day” Kilauea Intrusion
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Intrusion into Rift Zone
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Frequency (Hz)

Repeating Quakes and Gliding Tremor

» repeating earthquakes M ~ 1 Glldlng Harmonic Tremor eruption

.t . o i L
. s e > . e | o |
. X & SR em e, ER | Transition | Tremor
] T N | (timing approaches |
c 4k ) L RS . : amivalsofP- | |
) Ve oo el ey She %%
§ G ‘,.'.'. FOAR R 3 . and S-waves) !
s . . sl Tty e | |
= % Wooodi e ot s g e Al '
] " ’ O VRt - P FRDCTR, i
E 3f o v aeneus e st AT 1
= % - {\'\hfn" 4 G leer ! zad
g . Sgom e k) ‘5.’ . !"'.:0 & g, i i
s | Sire el TMIRIMAR D | et b 3
T 2F - Ton dars, NLENO LR ey | 1 &
t e wi ] L T g
s hd . e '°"~+?‘:'.' ..'*’g ool 4
% . .y WAL o
9 : R e
= “ Ve ot ‘.q ¢
g 1 ; St
= Visibly Discrete Earthquakes 2 i«.‘~ ;.{Z D) y ‘-.’-\_
i (I ¥
o L l 1 :l L IL \
60 50 40 30 20 10 0

Minutes Before Eruption

Hotovec et al., 2012

—_— ek

Seismic silence
- ~ 30 sec

—
S N~ OO 0 O N b
T

Time relative to explosion (min)

Time relative to explosion (min)

shear loading rate (MPa/s)

Model: Dmitrieva etal, 2013 NatGeo -8 -0 time befo‘r;‘ eruption (39_5 13



Galapagos Uplift, Trapdoor Faulting, &

Eruption
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Mount St Helens Dome Forming Eruption
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Model Fits both GPS and Extrusion Data

Radial GPS Deformation
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Kinematic vs. Physics-Based Inversion
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Grimsvotn GPS and Erupted Flux from

Plume Height
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Grimsvotn GPS and Inferred Flux

22 May
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* Physics-based Monte Carlo Forecasting

 Forecast based on knowledge of the system and all existing
data.



Axial Volcano

Inflation/deflation record in Axial caldera
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Recommendations

 Long term monitoring of volcanic systems required to
record intrusive and eruptive processes.

» Advances in methodology (e.g. ambient noise imaging,
precise event location, 4D inversion) require spatially and
temporally dense data sets.

* Joint inversion of seismicity and deformation is feasible
and potentially powerful in forecasting eruptions.

* Physics based models provide key links between
different data types and may allow for dynamical
forecasts.




Continuous Amplitude Imaging

Taisne et al, Imaging the dynamics of magma propagation using
radiated seismic intensity, GRL, 2011




Dike Seismicity
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Dike Seismicity
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