Elic University of
BRISTOL  COMET

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Analysis of the pre- eruptlve ground defor
signals of the 2017 eruption |

Insights from INSAR !
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Magmatic systems beneath arc-volcanoes

3) continuous eruption
ex: Merapi, Colima

1) long period of unrest 2) prior to eruption
ex: Uturuncu, Cordon del Azufre
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conduit
flow

shallow
magma reservoir

t ~ 10-100 yr

deep magma reservoir

Fialko and Pearce, 2012 Voight et al., 1999
Froger et al., 2007 Bonaccorso et al., 1999
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Magmatic systems beneath arc-voicanoes

1) long period of unrest 2) prior to eruption 3) continuous eruption
ex: Uturuncu, Cordon del Azufre ex: Merapi, Colima
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conduit
flow

conduit
flow

shallow
magma reservoir

shallow
magma reservoir

TRANSFER ZONE?

type of source
volcano-tectonic
timing

deep magma reservoir deep magma reservoir
Fialko and Pearce, 2012 Voight et al., 1999
Froger et al., 2007 Bonaccorso et al., 1999
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Can we use Agung 2017 eruption to learn about
magmatic systems below arc-volcanoes ?

« To identify ground deformation signals
INSAR techniques (Sentinel-1 data)

« To constrain the location and orientation of magmatic sources
FEM modelling (ground deformation and stress)

« To build a conceptual model for the 2017 eruption
Historical observations
Geodesy/Seismology - Degassing - Geochemistry/Petrology
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AUSTRALIAN
PLATE

88

Indian Ocean
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Modified ;after Gertisser & Keller (2003)

* Sunda Subduction arc
* Andesitic Stratovolcano

» Historical eruptions in
1808,1843 and1963
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The 1963 eruption

« Agung eruption (VEI 5): February 18

« Batur eruption: September 5

» Petrology similar between erupted products

« Mixing between basaltic and andesitic magmas
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2017: Timeline of unrest (from ground observations)
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INSAR principles
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INSAR principles
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Variation of
water vapor

Dense
vegetation
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8°S

8.25°S

Atmosphere
or Deformation ?

12-days Sentinel Interferograms
18 Sept — 30 Sept 2017

Good coherence

« Several fringes on Agung summit
8.5°S f
vegetation
115.5°E 115.75°E 116°E
_12 -09 -0.6 -03 00 03 06 09 1.2
phase change [cm]
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Correction of atmospheric phase delays

GACOS wrapped atmospheric model
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Thursday keynote — Zhenhong Li
GACOQOS-Assisted INSAR Time Series Technique
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Correction of atmospheric phase delays

8.2

GACOS wrapped atmospheric model

S1 corrected wrapped interferogram
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Open-access data are great!!! But we need to be responsible with it.

 Diffusion of wrong information during the seismic crisis (social media)
* Need to develop/improve path of communication from the community to the public
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INSAR stacking

LOS displacement [m]
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INSAR stacking

LOS displacement [m]
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Offset of seismicity
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FEM modelling (COMSOL) Magma Intrusion

(8 parameters)

?{ :North free surface
&7

s

‘lg' East

Surface: z-coordinate (m) 533":’

3D Topography

(X,Y,Z) :coordinates of the centre
(L,H) . Length and Height

(a, ) : Azimuth and Dip

AP : Magma Overpressure
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DATA MODEL RESIDUAL

10 -:-+10

LOS displacement cm

Zc = 600-700 m (below summit)
AVc = 3.6 105 m3
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How can we explain the orientation of the intrusion ?
Dyke Opening along o, (azimuth 39°) Propagation along g, (plunge 63°)

Hyp. 1 Tectonic stress around Bali

Philippines
500 km

Pacific Ocean

HALMAH ERA

ava Sea
EURASIAN PLATE

o =
Lombok

AUSTRALIAN
PLATE

88
Indian Ocean
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How can we explain the orientation of the intrusion ?
Dyke o, azimuth: 39° g, plunge: 63°

Hyp. 1 Tectonic stress around Bali

115.2E

05 azimuth: 103-171° o, plunge: 7-18°
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Dyke
Thrust Strike slip
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How can we explain the orientation of the intrusion ?

1152E 115.4E 115.6E

Dyke 03 aZImUth 390 01 p|Unge 630 a)mlnlmum compresswe stress (o,)

Hyp. 2 Topographic loading stress

Volcanic

Lithosphere
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How can we explain the orientation of the intrusion ?

115.4E

115.2E )
ini compressive stress (o) X

Dyke o, azimuth: 39° g, plunge: 63°

Hyp. 2 Topographic loading stress

05 azimuth: 35° o, plunge: 80°

Dyke
Thrust Strike slip

Topographic load
oristol.ac.uk
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What did we learn?

« How magma is transferred below Agung before the eruption ?
A deep and large dyke intrusion located midway between Agung and Batur

* Which mechanism is controlling the propagation of the magma ?

Not regional stresses. But local stress induced by the loading of the volcanic
edifices.

This is the first geodetic evidence of a magmatic connection
between the two volcanoes.

These results have a strong implication to understand how
simultaneous eruptions occurred at Agung and Batur (e.g. 1963).
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Conceptual model of AQung magmatic system

Albino et al., 2018 (in review) [geodesy]
Geiger et al., 2018 [thermo-barometry]

Fontijn et al., 2015 [petrology] (1) Sept. - Oct. 2017
Magma transfer from deep source (15-20 km)
TN v o Aol Ground uplift- Seismic swarm
sl Py o e (2) Mid-October 2017
f-f*. d+ Y Yy y _ _ Arrest of magma vertical propagation (5-7 km)
10 k- T L HIDOIUEA. Small deformation - Drop of seismicity
sl Xy sefmic Imagma_reservar (3) November 2017
%S‘ 7 intrusion oo . .
» Mixing between intrusion and shallow source
20 kin - Increase of degassing (S0,)
P° of the hydrothermal system
deepzs:](;rage L|th0 |Ca| (4) let Novem ber
~ """ TParrier~| ERUPTION

F. Albino - fal7101@bristol.ac.uk 27 oristol.ac.uk



-wé University of (((
BRISTOL COMET

P
Denpasar City
Google Farth
NGA, GEBCO LOS displacement cm
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Dyke intrusion between neighbouring arc volcanoes

responsible for 2017 pre-eruptive seismic swarm at ™ fal7101@bristol.ac.uk
Agung, Bali
F. Albino, J. Biggs and D. K. Syahbana , @FabienAlbino
in review, Nature Communications
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Time-step Iinversion
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Volume history
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Full time series

19 March 2018
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Trade-off between parameters
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