Tracking Volcano Eruption Dynamics using Remote Sensing:
State of the Art
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Thermal Monitoring Systems to Track Eruptive Activity at Stromboli
& The Role of LMV




Stromboli
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Tracking System Dynamics at Stromboli

1. Thermal instrumentation
Radiometers (+ infrasound & seismic)
FLIR (Thermal Video)
Typlcal act1V1ty at Stromboh

\ 2. The 2002 03 Effuswe Event:
« Tracking the effusive phase
« Recovery of the system
The April 5 paroxysm
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-~ 3. Prospeets.and Conclusions:
Sl Laborato1re Magmas Volcans: directions




The DUCK: Armoured Thermal Infrared Thermometer
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The Permanent System Configuration: Stromboli

Maurizio Ripepe (University of Florence)




The Forward Looking Infrared Camera (FLIR)
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240 x 320 pixel image
Gain1:-40-120C
Gain 2: 30-500 C
Gain 3: 25-1500 C
Sample Rate: 30 Hz




Temporary FLIR Deployment at Stromboli




Typical Strombolian Activity at Stromboli

Persistently active since between 3™ & 7% Century A.D.
(Rosi et al., 2000)

Typically ~13 Strombolian eruptions per hour
(1999 —2004)
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Persistent degassing at a rate of ~765 tons of SO, per day

65 t/d from explosions
« 700 t/d from persistent degassing + gas puffing
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 Effusive events once every ~10 years

(1975, 1985-86, 2002-03 but then another in 2007)
* More energetic explosions: 1-3 times/year
* Major paroxysms every ~100 years

(1930, 2003 but then another 1n2007)




Typical Strombolian Activity: Type 1 Activity (Patrick, 2005)




Typical Strombolian Activity: Type 1 Activity (Patrick, 2005)




Typical Strombolian Activity: Type 2 Activity (Patrick, 2005)




Typical Strombolian Activity: Type 2 Activity (Patrick, 2005)




Associated Thermal Signal

15 degree FOV
Diameter = 120 m

1 degree FOV
Dlameter =8 m




Thermal Waveform Character (NE versus SW Crater)

NE crater, May 2001 SW crater, May 2001
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Seismic, Acoustic, Thermal Signal during Explosion
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x=250-300m
< >| Shallow System
. ; Geometry:
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b 1999-2005
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Sonic Path:
_#--—» Sound Speed across length h_(c’) =708 m/s
,/' Sound Speed across distance x (c) = 340 m/s
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Surface of VLP \ Bubble Burst
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Seismic Path:
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- Gas Coalescence

(VLP Source / Source of Slug)




Stromboli: 28 December 2002 — 22 July 2003

effusive vents

FLIR Image

TR Ty (1) Effusion flank eruption beglns ;
‘ . R v (g)Crater floor collapses




Volume Fluxes (Effusion Rates)
3. Convert to Stromboli: June 2003
Effusion Rate

from fixed location

‘%% \! Ry o 8 v-i 1 Obtain thermal image

2. Isolate flow area, extract
surface temperatures &
calculate total heat loss




December 28
Effusive Phase
Start
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Stromboli, Effusion Rates 2002-2003

April 5
Paroxysm

May 31 — June 3
Intense Strombolian
Activity

May 1
Str. Activity
Start

|

July 22
Effusive Phase
End
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Strombol

May 1

April 5
Paroxysm

Effusion Rate (m3/s)

Re-newed Strombolian Activity

Jan03 Feb03 Mar03 Apr03 May03 Jun03 Jul03 Aug03 Sep03 Oct03 Nov03



(1) Pre-December 2002

(iii) Strombolian
activity stable

(ii) Central
column

convection
(~0.3 m3/s)

(3) Eruption Wanes
(May 2003)

(i) Lava flow
activity wanes
(E, < 0.3 m¥/s)

(2) Eruption Onset
(December 2002)

(i) Lava flows
tap conduit
(E, ~ 0.3 m3/s)

(i) Deep Supply
Remains stable

Stromboli: System Model

(4) Eruption Ends
(iv) Strombolian (JUIy 2003)

activity re-establishes

(i) Effusion stops

(ii) Deep Supply
Remains stable

(iv) Strombolian
activity stops

(ii) Deep supply
remains stable

(iv) Strombolian
activity stable

(ii) Deep Supply
Remains stable




Stromboll Ap|| 5 2003 Paroxysm

£ Y
Stromboli: April 5, 2003 Paroxysm
Photo sequence from Sonia Calvari (INGV-Catania)













Approximate location
of thermal station




Instrument Bunker Before April 5 Paroxysm
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Instrument Bunker After Apri! S Parc_)xysm
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April 5 Paroxysm: Thermal Signal

Temperature (F)
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April 5 Paroxysm: Dynamics

‘.u_: Event 2
Thermal-Infrasound ', Hiatus
Time Delay (~3 s): i, 1&2

N Explosion at
10’s meters /

’ 200 220 240
- Elapsed Time (Seconds)

Event 3
Max 25-45 m/s

Photo: Sonia Calvari (INGV-Catania)




Tracklng Volcano Eruption Dynamics using Remote Sensmg A

Lﬂ/‘-’@;, ﬂ;« ﬂ e, LMV _____:_

Laboratoire Magmas et Volcans (LMV)
Joaafl :
| | ¥4 |
Petrologie Geéochime Transferts * Dynamique et
Experimental Lithosphériques . = Déformation des
L o edifices volcaniques
| ERCRRT W |
Remote Sensing & Physical Volcanology: ' Volcano Instability
Geophysics: Eruption & Transport & Structure
Eruption Dynamics ‘ _}-ﬁ "r Tirn S
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Seismic Radar VOLDORAD I Gas HOTVOLC
(Battaglia)  (Froger)  (Donnadieu) (Moune) (Labazuy)




_. Tracking Volcano Eruption Dynamics using Remote Sensing: ~-
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Cloud Extent,
Altitude, Gas Content
& Dynamics

HOTVOLC
(Labazuy)

Plume/Emission Gas 753 3, Gas
Content IR (Moune)

Ejection Velocities & I | VOLDORAD
Plume Dynamics WAEeS T - 7 (Donnadieu)

Explosion Source
Conditions & Conduit
Processes

Seismic
(Battaglia)




Seismics: Jean Battaglia

- »‘.;s;“.\ :
’%mbollan activity at Yasur Volcano (Tanna Island)
Instalfatlon o?'temporary seismic network: Jan. 2008 — Feb. 2009 including:

- 12 antenas composed of 7 short period sensors

.

- 10 broadband sensors




Seismics: Jean Battaglia

Intense seismic activity with
mostly explosion quakes

Including families with similar
waveforms corresponding to
modes of escillation of the
volcanic conduits

N evis / 2 hours

! Ji st bl

100 120 140 160 180 200 220
Day of the year (2008)

| M J JAJ

0
20

Characteristic waveforms can be
tied to individual vents and
periods




Seismics: Jean Battaglia

LP events not directly
associated with surface
explosions and related to
deeper processes: short
term precursors of
strombolian explosions




VOLDORAD (Volcano Doppler Radar): Franck Donnadieu

Portable system, 50 kg,
60*60*60 cm unit
PC-controlled

VOLDORAD photo F. Donnadieu - OPGC

Frequency: 1.274 GHz A=23.5 cm
Pulse repetition freq.: 100 us

Pulse duration: 0.4 - 1.5 us
Transmitted power: 60 W

Power consumption: 200 W (av.)

4 Yagi antennas:
square array

9° beamwidth,
Gain ~ 23 dB




VOLDORAD: Franck Donnadieu
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VOLDORAD: Franck Donnadieu

A vt 143 F. Donnadieu
e A& Radar reflectivity factor and averaged velocities  {; 70T

during paroxysm of SE Crater, 13 July 2001 110

4

N AV NPTy
IR ARV Y A
N A I ALY
\J‘V ‘\fn\vrq’\f WM‘M “}‘w‘ ! W: ' M\‘/\ p
|

Zmax: 107.7 dBZ
Zmean 93.1 £ 9.0 dBZ

, m/s)

sed

Lava fountains

&
S
o
>
<
-’
v
D
- p—
N
- p—
2]
(=]
—
v
>
—
]
°
=
2

» Correlation between tremor intensity + eruptive velocities

» Main control on the volcanic tremor at Etna & Stromboli is the dynamics of gas
bubbles ascending the conduit

» Maximum reflectivity during lava fountains
» More discontinuous, less dense, higher velocity jets during Strombolian activity

» More gas and fragmentation?




Gas: Severine Moune

Mini-DOAS Gas Spectrometer at Stromboli




Gas: Severine Moune

The relation between tremor and gas flux at Stromboli

Time-shifted by 35 min

[pAl xns 208

\Seismic tremor [ROC] x10'5‘

y T
11:00 12:00
UTC - 6/3/2008

Loyc Vanderkluysen



HOTVOLC: Philippe Labazuy

Http://wwwobs.univ-bpclermont.fr/SO/televolc/hotvolc/index.php

Observatoire de Phy
du Globe de. imonk
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’ ALERTE ERUPTION :
Eruption en cours de I'Eyjafjoll
(Islande)

Pour plus d'informations, cliquez ici.

Tel:0473346729
| Alerte MSG : Liste des cibles

Secrétariat

Service d'observation destiné 3 détecter l'activité des volcans en temps 5. Del Camg
quasi-réel (15 mn) grace aux images du satellite MeEtéoSat Seconde | Tel:0473407330
Génération (MSG). Fax:0473407382

Adresse

Université Blaise
Pascal

batiment de
I'OPGC

24 avenue des
Landais
BP80026
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HOTVOLC: Philippe Labazuy

Big offer . . . Rooney

Madrid
to grab
Wayne
'n Fab

EXCLUSIVE by NEIL
CUSTIS and ROB BEASLEY

E ccer _ac

panish _giants
plan to make a £150mil

Target . ... Capello

lion raid for Wayni
T offer

By TOM NEWTON DU
Poltical Editor
BRITAIN was awash
with hot air last
night — after a huge
plume of volcanic
ash was followed by

a clash betw
top three pol S.
Gordon Brown, David
! and Nick
rt_in the
live General
debate




HOTVOLC: Philippe Labazuy
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May 06,2010 - 14h00 U.T.
3-channels composition
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Mathieu Gouhier




HOTVOLC: Philippe Labazuy
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HOTVOLC: Philippe Labazuy

LIDAR - OPGC (Clermont-Ferrand) : April 19,2010
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Mathieu Gouhier




The Chain de Puys

Les cones de la Vache et Lassolas




