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Part (a): What do volcanologists want
to know?

Q1 Where is the magma?

Q2 Has a volcano erupted?

Q3 How much has erupted?

Q4 What will happen next?

Q5 What is the probability of a volcano erupting?

EO data critical in answering these questions



Q1 Where is the magma?



A simple volcanic system
1. Charging the system




A simple volcanic system
2. Discharging the system
(a. eruptions)
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A simple volcanic system
2. Discharging the system
(b. intrusions)
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Bardarbunga intrusion

and eruption,
Iceland 2014-2015

Sigmundsson, Hooper et al., Nature
2014
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Q2 Has a volcano erupted?



MODIS Thermal Hotspot Alerts

Method: Robert Wright et al., 2004 http://modis.higp.hawaii.edu/



|ASI (Infrared):
e.g. Sears et al., JGR 2013

From absorption spectra in the UV



|ASI (Infrared)

Carboni et al, 2012

Plume: 1-5 km

Plume: 9-14 km

Plume: 1-5 km

Plume: 9-14 km



From absorption spectra in the UV



Bardabunga lava from Landsat 8



Q3 How much has erupted?



Channel/t Gas emissj

Thermal radiance

Geologic

2 USGS Courtesy Mike Poland, Hawaii Volcano Observatory
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2 USGS



Three for the price of one

September 15 — December 23, 2011

2 km

B

0.0 0.5 1.0

%USGS Courtesy Mike Poland, Hawaii Volcano Observatory D_@ﬁmg‘rapbﬂ



40

35

30

25

20

Thickness (m)

10

2 USGS Courtesy Mike Poland, Hawaii Volcano Observatory

IIIIII—IIIIII
2011 2012 2013




3.0

-

25} | - ]

U) -

T ,, |active ocean - —— _

Py entry —

©

= 1.5 F . -

g 2 active ocean

T . iy

S 10} entry -

20

a
05 F -

0 1 1 1 1 1 1 1 1

godul1l  Oct11 Jan12 Apr12  Jul12  Oct'12 Jan13 Apr13  Jul13  Qc
0.06 | Pu‘u ‘00

E 004 | — summit

o

> 002 f

©

S 0 )

C

2 -0.02

©

o

& 004
-0.06 GPS data (vertical) T
_008 1 1 1 1 1 1 1 1

Jul “11 Oct “11 Jan 12 Apr ‘12 Jul 12 Oct 12 Jan 13

22 USGS Courtesy Mike Poland, Hawaii Volcano Observatory

Apr ‘13

Jul “13

Oct

“13

“13



Q4 What will happen next?



Eyjafjallajokull
2010

—

NASA ALl (EO-1)

E—

Sigmundsson et al., Nature 2010



Eyjafjallajokull
2010

Sigmundsson et al., Nature 2010



Paul Segall, Stanford



Actual eruption end date: 27 February 2015



Q5 What is the probability of a volcano

erupting?



* 1500 volcanoes erupted in last 12000 years

e 700 known eruptions in historical times

* 100 episodes of volcanic unrest each year

* ~50 eruptions each year

e <10% of Active Volcanoes are monitored on an
ongoing basis

[Ph. Bally Ed. (2012), Scientific and Technical Memorandum of The International

Forum on Satellite EO and Geohazards, 21-23 May 2012, Santorini Greece.
doi:10.5270/esa-geo-hzrd-2012]



Can systematic deformation
observations help?

Biggs et al., Nature Communications 2014



Tim Wright

University of Leeds, UK
Plus collaborators from the Afar Rift Consortium
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The Afar Triple Junction

Arabia
Nubia V¥~ Sept 2005
(Africa) 7

*‘/&

Addis Ababa
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Presenter
Presentation Notes
We can walk on them
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Anthony Philpotts, October 2005












1978 Asal-Ghoubbet

diking event

From Ebinger et al., GJI 2008



6 May — 28 Oct 2005; Processed by Juliet Biggs



Wright et al., Nature (2006)

« ~2.5 km?3 magma intruded along dyke (Mt St Helens 1980 1.2 km3); 1 tonne
of rock for every human on the planet.

* ~0.5 km3 sourced from Dabbahu and Gabho volcanoes at North.

 Rest probably fed from deeper chamber under Ado’ Ale at segment centre.



3m

1-2m

Eastern Flank (courtesy J. Rowland — see Rowland et al., GJI 2007)



The Krafla rifting episode (lceland) 1975-1984
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Afar shows many temporal and spatial similarities with the 1975-84 Krafla rifting episode. Similar migration sequences and timing, only one of the intrusions in Afar resulting in surface rupture.


Wright, Sigmundsson et al., Nature Geosci., 2012
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Post-intrusion deformation — Track 300



Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300



Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300

17 JMG



Post-intrusion deformation — Track 300

17 JMG
25 Jule2080



Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300

17 June. 2406
25 Julv.2086
10 Seot.20g6
8 Dec.200§,
14 Jan 2007



Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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June 2009 dyke
and eruption

From Field Report,
Yirgu et al, 2009



Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Post-intrusion deformation — Track 300
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Wright, Sigmundsson et al., Nature Geosci., 2012
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The Afar Rift Consortium
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Fast and Furious: Witnessing the
Birth of Africa’s New Ocean.



Magmatic Plumbing at Dabbahu

« Brittle Upper Crust: extension occurs by episodic dyking, intruded laterally
 Ductile Lower Crust and Mantle: extension by continuous processes

» Shallow magma plumbing system is complex

Wright, Sigmundsson et al., Nature Geosci., 2012
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