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Utility of muon tomography
for La Soufriere

Risk assessment:
From the eruptive history of the region
the most probable hazards are:

* flank destabilization

* phreatic explosion

Muon tomography is useful to:

* evaluate the mechanical integrity of
the lava dome

* provide initial conditions for
destabilization models

* evaluate the volume (i.e. amount of
energy) of the hydrothermal reservoirs
inside the dome

* monitoring of mass transfer and
density changes

Woy.f * tomography problem is simple when
Le Friant et al., Nat. Haz., 381-393, 2006 compared with other geophysical methods
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Density fomography with cosmic muons: 1

Integrated flux ~ 100 m-2sr-s-1

100 m2sr-1s-1

1 m2sris-1
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e~ " Diffusion of low-energy muons

Typical opacity: 2 [g/cm3] x 500 [m] = 105 [g/cm?]
Energy loss: 2.2 [MeV.cm?/g] x 105 [g/cm?] = 220 GeV

E .. = minimal energy for a muon to

m

cross the volcano




Density fomography with cosmic muons: 2

UON SPECTRUM AT 0°

All data

Standard rock thickness (m)

p = 2.65 g/cm3
Flux models are less accurate at low
energy and/or large zenith angles
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Density fomography with cosmic muons: 3

Roche fendue: average density radiography (g/cm®)
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Telescope acceptance

The acceptance is used to convert the
number of detected particles into a flux
value necessary for modelling

Integrated flux

N(Q) — AT X T X I(Q)" (Cm-2_sr-‘|_s-1)

Telescope acceptance
(cmZ2.sr)

Duration of
measurement period

Acceptance (cmz.sr)

Resolution = 50 mrad (i.e. 25 m at 500 m)



Bayesian modelling of acceptance

Flux of detected particles
(# cm 2 sr! 3‘1)
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Corrected flux of particles

(cm‘2 sr! 3"1)

Corrected acceptance (cmz.sr)

Lesparre, N., D. Gibert & J. Marteau, Bayesian Dual Inversion of Experimental
Telescope Acceptance and Integrated Flux for Geophysical Muon Tomography,
Geophysical Journal International, Vol. 188, 490-497, 2012.



Time-space resolution

Integrated flux
(cm-2.sr-1.s1)

Duration of Telescope acceptance
measurement period (cm2.sr)

N(oo) — N(go +00) > a X on

5N (00l60) > a/N (o)

The « feasibility » formula relies
the desired opacity resolution to
telescope acceptance and duration
of the measurement period

Lesparre, N., D. Gibert, J. Marteau, Y. Déclais, D. Carbone & E. Galichet,
Geophysical muon imaging: feasibility and limits,
Geophysical Journal International, Vol. 183, 1348-1361, 2010.



Experiments on la Soufriere of Guadeloupe

* Structural imaging and temporal
Imaging

* Resolution 30 m, L = 200 - 900 m,
measurement time of 3 months

* Scan of the whole volcano from
single location

Gibert, D., F. Beauducel, Y. Déclais, N. Lesparre, J. Marteau, F. Nicollin & A. Tarantola, Muon Tomography: Plans for
Observations in the Lesser Antilles, Earth Planets and Space, Vol. 52, 153-165, 2010.



AAd1ogrdau e J (] J AN
1976-1977 5
642826425117 643326496117 Rocher fendu - Prot = 16 g/cm Ap (g/cms)
new fractures 1 ) L L | L L
//fHHHKz(KmHJ/k lr -
\ reactivated fractures - [ — Mete\rs . 351 0.2
(e A B
active adventive b | 3 30 0.1
fumaroles e S = N 3
e, il <
- g < o R k= %’)25 0
- ~
i 2 = S % - 22 01
g ~ S
b [
o o 3 -0.2
- X = @
S ' %”’%C;/ 10 03
(1 > %,
dwNo) c 5 04
Découverte f:;é;; 0 1 | | | | | | | 05
o 190 180 170 160 150 140 130 120 110
| g\%"‘éf N 195 A theta (degrees)
G ,'vq% W
Y 8. 95/ B,.zis\ll
g b »’\f/ Ravine sud - p = 1.3 g/cm’ Ap (glem®
E— Piton e ae(uf Lo z%‘& \ 4 -E& 40r 03
: ‘Dolomieu. ﬁ( Sud {{3 : e e 105, 4 :
~ 5N ) 1 ~
-~ i 2. - - 02
= AN = Wi
|:| 1956 N 7300 2N 2y ' ehele = "
2) g ;
£ o
[ ]1836-37 =N g .
: B >
1809-12 3 g o
= = P
B 1797-98 g — = .
- 1680 & Hohette |- ® o
& o L8
. -~ -0.3
\/ water o ;
resurgence o= 4 0.4
< i
Piton Tarade e E &%) ~1 8 I I ! ! ! L L L 05
3 Swanea < =) 3 140 130 110 100 90 80 60 50 '
@ Q Mulots { o B4 theta (degrees)
g 2 LEENA : g
d d o O Oro 1600 1600
IS S
0 > >
S o
g <4
g 1200 & 1200
i 500 1000 0 200 400 600 800 _1000 1200
Profile along the telescope axis (m) Profile along the telescope axis (m)
esparre ) DE artea OMoro 0 & O outa e on Radlograp of La SO ere
0 adeloupe omparisac e al Re and SE omograp eop al Jo z ernationa 0



Massive and
dense andesitic
lava

elevation (degrees)

South crater
region with
altered rock and
many voids

Rocher fendu -p _ = 1.6 g/em’

160 150 140
theta (degrees)

might be partly due to the
presence of the Spallanzani
cave described in ancient
texts. No more accessible.

Steep slopes with
massive and dense
andesitic lava



Electrical resistivity fomography

Faille du 30 aoit

Conductive zone
hydrothermal vents of
the Col de I'Echelle
{active in 1976)

Resistive zone:
accumulation of blocks from the
Faille du 30 aoit (1976)

{c) Geoscience Rennes, 2003

Nicollin, F., D. Gibert, F. Beauducel, G. Boudon & J.-C. Komorowski, Electrical Tomography of La Soufriére of Guadeloupe
Volcano: Field Experiments, 1D Inversion and Qualitative Interpretation, Earth and Planetary Science Letters, Vol. 244, 709-
724, 2006.
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Comparison muon tomography / ERT
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Joint inversion is appealing but density/resistivity relationship may be complicated an
certainly not bijective: e.g. massive lava and voids have high resistivity




Comparison muon tomography / gravity data

Density (g/cm®- 1300 m a.s.L.) Density (g/em®- 1250 m a.s.l.)

Gravity data inversion by O. Coutant et al., 2012
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Conclusions

Good agreement between muon radiographies and geological, electrical
resistivity and gravity data

Joint inversion is appealing and constitutes a key-step to be addressed
to integrate muon tomography in the toolbox of geophysicists

Joint inversion of muon data and gravity data is certainly the first
problem fo address and significant results have been obtained (please
look at the poster by Nishiyama et al.)

Joint inversion with electrical resistivity data seems more delicate
because both methods are not sensitive to the same physical
properties



Next week:
EGU 2012 Vienne (Austria)
Monday 23™ April 15:30
GI3.6 session:
« Geophysical tomography with high-
energy particles: recent developments
and applications »
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