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Magma storage and transport through the crust

-Deformation study by InSAR
-Modeling (analytical + numerical) of magmatic plumbing systems beneath volcanoes

You can download this presentation on my web page.
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SAR application summary
• Production of surface displacement field maps:
– Earthquakes (co-seismic)
– Inter-seismic loading on faults
– Landslides
– Volcanoes
– Subsidence in urban areas 

• DEM production
• Detection of surface changes
– Estimation of post-event damages
– Mapping of eruptive deposits
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Massonnet et al, Nature 1993 

Landers Earthquake, California, USA, 1992, Mw 7.3 
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Earthquake displacement field

• Kashmir earthquake 
(Mw=7.6) of 
October 8, 2005

From Yan et al, 2013
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Earthquake displacement field

From Yan et al, 2013



Earthquake displacement field

Coseismic displacement field obtained by fusion of subpixel image correlation and D-
InSAR measurements. The location of each track is shown in
Fig. 1. For each pixel, the displacement value corresponds to the displacement value 
whose associated uncertainty is the smallest among all of the available
measurements. The colour discontinuity corresponds to the fault rupture. From Yan et al, 2013
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Haiyuan Fault,	China
Shallow creep

(Cavalié et al., 2008)

Interseismic velocity
Detection of	slow	aseismic slip
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Landslide
• Difficulties: small areas, localized and strong 

displacement, coherence loss but still possible

Colesanti, Wasowski, 2006
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Landslide

Colesanti,	Wasowski,	2006
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Plusieurs mois

Various type of volcanic deformation observed 
by INSAR 

Magma storage:
Long term precursor of volcanic activity 



InSAR performance

Magma storage
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Intrusions propagation:
Short term precursors of
Magmatic activity
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Magma flow in an open shallow conduit:
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Various type of volcanic deformation observed 
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Subsidence on eruptive deposits:
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Flank sliding:
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Exceptional events have been imaged

Grandin et	al,	2009

!

Wright	et	al,Nature,		2006



Froger et al., 2015

Staudacher et al., 2009

Exceptional events have been imaged



Deformation observed on more than 160 
volcanoes and statistics 

Biggs et al, Nat. Com., 2014



Pinel et al, 2014

Profondeur des zones de stockage

Deformation observed on more than 160 
volcanoes and statistics 



Deformation/volcanic activity in the Andes 
as revealed by InSAR

Nevado del Huila Colombia

Guagua Pichincha, Ecuador

Ubinas, Peru 

Irruputuncu, Chile 

Planchon Peteroa, Chile 
Villarica, Chile 

Uturuncu, Bolivia

Lazufre, Chile-Argentina

Laguna del Maule, Chile

Hualca Hualca, Peru

Tungurahua, Ecuador
Galeras, Colombia

Llaima, Chile
Lascar, Chile

Cerro Hudson, Chile

Eruption
No	deformation	detected by	InSAR

No eruption
Long-term inflation

Eruption
Co or post-eruptive deformation

Eruption
Pre-eruptive inflation

From Biggs et al, 2014Cordon Caulle, Chile
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Tungurahua, Ecuador

Eruptive rate of 1.5 million m3/yr over the last 2300 yr
(Hall et al., 99)



Data set and processing method

* 22 ENVISAT images (C-band, ascending track 447, incidence angle=23°)
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Time series of LOS displacement 

Large scale uplift
(25km in radius) 



Mean velocity



1. ≈ Constant uplift rate
2. Offset prior to the 2006 eruption

Temporal evolution 



Modelled source for the constant inflation rate 

A storage zone at 11.5 km below sea level in good agreement with petrological data

1.475°S, 78.44°W

RMSE=0.79 mm/yr



2. Offset prior to the 2006 eruption
Modelled with the same source and an additional volume of magma (4.5 million of m3)

Temporal evolution 



What we learned…

*For the Tungurahua plumbing system:
Emplacement of at least 7 million of m3/yr at 11.5 km below sea level

Additional inflow of 4.5 million of m3 prior to the 2006 eruption
Possibly induced the eruption

àOn the studied period:  46.5 million of m3 emplaced at depth
30 million of m3 of magma (DRE) erupted 

*More generally:
First evidence of long-term (6 years) inflation for a volcano in current activity in the Andes
è Magma erupted is compensated at depth by an acceleration of magma input

Good	agreement	with	
petrological data
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Anthropogenic hazards (subsidence due to mining operations or fluid 
extraction/injection)

From Pinel and Raucoules, 2016
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