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State of researches on Volcanoes

•
 

On the ground, numbers of magnetic, electric and electromagnetic
 (EM) signals are observed before and during volcanic crises

•
 

Since 2004, Demeter satellite records several parameters (electronic 
density and temperature (ISL), ionic density and temperature (IAP) , 
along with the magnetic (ISMC) and electric (ICE) fields

•
 

But, most of the studies are devoted to EM signals related to 
earthquakes

•
 

Few researches are dedicated to satellite observations above volcanoes 
in the EM field.

•
 

Question: Do we observed some EM anomalies related to volcanic 
activity?
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Database

•

 

► Information on volcanic activity is given by  http://www.volcano.si.edu/

VEI (volcanic explosivity index) ≥ 1 (scale of 5)
Explosive eruptions
Period:  Sept. 2004 to Dec. 2006
Latitudes:  -55°S to +55°N

48 volcanic eruptions have been analyzed

•

 

► We consider orbits whose distance between the footprint of the satellite 
position and the eruptive center is :
–

 

< 900 km for the events with VEI ≥

 

3 
–

 

< 500 km for VEI < 3

•

 

► In this first study, data within [-30 to +15] days around the eruption are 
studied

In total, more than 4000 orbits have been processed

http://www.volcano.si.edu/
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Volcanoes under study: Sept.2004-Dec. 2006
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Volcano Lat. Long. Volcano  
Type

Summit 
elevation 

(m)

Start Date
(dd/mm/yy)

Stop Date
(dd/mm/yy)

Eruptive –
Characteristics VEI

Akan 43.384 144.013 Caldera 1499 21/03/2006 21/03/2006 Central vent eruption 
Explosive eruption ,

 
Phreatic explosion(s)

1

Aoba -15.4 167.83 Shield 
volcano

1496 27/11/2005 21/02/2006
(in or after)

Central vent eruption 
Crater lake eruption, 
Explosive eruption ,

 
Pyroclastic flow(s) ,

 
Phreatic explosion(s),

Evacuation

2

Lascar -23.37 92.27 Strato-

 
volcano 

5592 04/05/2005 04/05/2005 Central vent eruption, 
Explosive eruption 
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Table of volcanic events

3 types of anomalies have been recognized

…
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Geographical position between the orbit 
4344-1 and the eruptive center

Lascar

Lascar volcano: Type 1

•
 

[Ex1]-1: Lascar   (23.37S , 67.73W) ;  April/27/2005,  VEI=3

day

Conjugate 
magnetic 

point

Distance
threshold

night

Distance

Ground

Demeter
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Lascar location

Conjugate point

7 days before

Above the volcano and the 
conjugate point, 
disturbances are observed 
on the :

- Electric field

- Electronic density

- Plasma

ICE

IMSC

ISL density

ISL-Te

IAP(plasma)
Ionic density

Tions

<~300 Hz

?
?

~200 km

~800 km

Electrostatic
disturbance



8Geographical position between the orbit 7378-1 and the eruptive center

Aoba volcano: Type 1

•
 

[Ex1]-2: Aoba   (15.4S , 167.83E) ;  Nov./27/2005,  VEI=2

Aoba
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6 days before

ICE

Above the volcano, 
disturbances are observed 
on the :

- Electric field

- Electronic density

- Plasma

Aoba 

location



10Geographical position between the orbit 4439-0 and the eruptive center

Lascar volcano: Type 2

•
 

[EX2]-1 : Lascar   (23.37S , 67.73W) ;  May/03/2005,  VEI=3

Lascar
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1 day before

Above the volcano, sferics may 
appear.

They can be observed on the 
magnetic and electric fields

No noticeable changes of the 
other parameters emerge.

Lascar location

Electrostatic
discharges



12Geographical position between the orbit 12583-0 and the eruptive center

Pagan volcano: Type 2

•
 

[EX2]-2 : Pagan   (18.13N , 145.8E) ;  Dec./04/2006,  VEI=1

Pagan
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26 days before

Above the volcano, sferics may 
appear.

They can be observed on the 
magnetic and electric fields

No noticeable changes of the other 
parameters emerge.

Pagan location

? Is it linked to:
the unrest of the volcano 
or to natural lightnings?



14Geographical position between the orbit 4513-0 and the eruptive center

Fernandina volcano: Type 3

•
 

[EX3]-1 : Fernandina   (-0.37 , 268.45) ;  May/13/2005,  VEI=2

Fernandina
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5 days before

Unknown phenomenon 
has been recognized:

It can appear on ICE or 
on ICE and IMSC

No change of other 
parameters has been 
recognized yet

ICE

IMSC

Fernandina 

location
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Fernandina volcano: Type 3 4 days After

ICE

IMSC

Harmonics



17Geographical position between the orbit 9286_0 and the eruptive center

Lascar volcano: Type 3

•
 

[EX3]-3 : Lascar   (23.37S , 67.73W) ; Mar./31/2006,  VEI=3

Lascar
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The day of eruption

ICE

IMSC
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Summary of anomalies of  type 1

Electrostatic turbulences
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Characteristics: 
Date: 22 Nov. 2004
Time: 20:26:25 UT
Position:-46.57°S       
164.83°E
M = 7.3

Electrostatic turbulence 
appears for both 
earthquakes and  volcanic 
eruptions. 

And the same mechanism 
should be involved

Similar event related to Earthquake

After Parrot et al., 

ICE
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Possible mechanisms generating the volcanic related signals 

(similar to seismic ones) :

►Propagation of EM waves from the ground

►Propagation of acoustic -
 

gravity waves generated by the volcanic 
activity

►Piezoelectric effects related to stress variations during 
microfracturing of rocks in the ground

►Emission of radioactive gases (radon) during the preparatory stage 
of the eruption

Mechanism for type-1 phenomenon: 
Electrostatic turbulence

Need to complete with land observations
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Summary of anomalies of  type 2

•These anomalies may appear before 
and after eruptions
Some of them should occur the day 
the eruptive event

•

 

They seem not to be related to the 
VEI index ?

•They come out on the electric and 
the magnetic fields; they are sferics

•The frequency domain goes up to   
15 kHz and more

• No other parameter is disturbed

Electrostatic discharges
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Many

 

explosive volcanic eruptions are accompanied 
by lighting and atmospheric electrical phenomena. 
Maybe some of them can occur before eruptions?

During eruptions, plumes generate large 
perturbations at the surface and in the air. 
Atmospheric electric potential gradient and high 
charge densities are generated by ash particles. 
This eruptive electrostatic discharge can change the 
atmospheric conductivity and be monitored by 
Demeter.

Mechanism for type-2 phenomenon: 
Sferics produced by electrostatic discharges

Database: Mc Nutt works
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Summary of anomalies of  type 3

•These anomalies may appear before 
and after eruptions

•

 

They seem not to be related to the 
VEI index ?

•They come out on the electric field 
and/or the magnetic field. They 
appear as unknown phenomena

•The frequency domain goes from   
~100 to 700 Hz

•

 

No change is observed on the other 
parameters

?
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Map of volcanoes showing an anomaly

On the 48 volcanic eruptions that have occurred during the period 
Sept. 2004 – Dec. 2006,

19 were accompanied by one or several types of EM disturbances
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Preliminary results

Occurrence of the 3 types of anomalies

3 cases

8 cases

13 cases
L L LL

Electrostatic disturbance

Electrostatic discharge
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Concluding remarks

•
 

► Electric and Magnetic signals exist before and after volcanic 
eruptions; they are not systematic

•
 
► 3 anomaly types are recognized in the considered database; 
These phenomena seem randomly distributed but we should 
notice that Demeter time series are irregularly recorded over a 
particular volcano

•
 

► The characteristics of the signals can be classified in three 
types which could be related to different mechanisms

•
 

► No strict relationship between electromagnetic phenomena and 
parameters as ISL, IAP exist, except in the ULF range  

•
 

► More than 4000 orbits were considered corresponding to 
specific criteria. Further studies are still needed to make a proper 
analysis in association with land observations
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