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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), 1onic 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
carthquakes

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

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




Database

« p 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

« P> 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

| n total, more than 4000 orbits have been processed


http://www.volcano.si.edu/
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exarcise developed by Dale 5. Sawyer at Rice Univarsity (dale@rice.adu).

This map is part of "Discevering Plate Boundaries,” a classroom
Additional infennation about this exercise can be found at
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Table of volcanic events

Volcano Lat. Long. Volcano Summit Start Date Stop Date Eruptive —
Type elevation | (dd/mm/yy) | (dd/mm/yy) Characteristics VEI
(m)
Akan 43.384 | 144.013 Caldera 1499 21/03/2006 | 21/03/2006 | Central vent eruption
Explosive eruption , 1
Phreatic explosion(s)
Aoba -15.4 167.83 Shield 1496 27/11/2005 | 21/02/2006 | Central vent eruption
volcano (in or after) | Crater lake eruption, 2
Explosive eruption ,
Pyroclastic flow(s) ,
Phreatic explosion(s),
Evacuation
Lascar -23.37 9227 Strato- 5592 04/05/2005 | 04/05/2005 | Central vent eruption, | 3
volcano Explosive eruption
| = Bad |

- 3 types of anomalies have been recognized




Lascar volcano: Type 1

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

== geographic ==

uT lat lon tloc dist dist
02.36.00-43.76 304.260 Z22. an1d 504
0z2.36.30-46.93 303.56  Z2. 2816 5500
0z.37.00-45.21 302.89  Z2. 2615 5295
0z.37.30-43.43 302.26  Z2. 2414 50591
oz.38.00-41.65 301.85% 22, 2214 4886
02.38.30-39.86 301.07 Z22. 2014 4681
0z.39.00-38.08 300,52 Z22. 1816 4477
0z2.39.30-36.23 299.93 ZZ2. 1618 4272
0z2.40.00-34.50 299.47 Z2. 1423 4068
02.40.30-32.71  298.97 22, 1230 5863
02.41.00-30.92 298.48 22, 1041 5659
02.41.30-23. 12 Z2953.01 ZZ. a5T  p45d D
oz.d42.00-27.33 297.55 22, 630 [z49
0z.42.30-25.53 297.10  Z2. Bidd h | Stak? CIZ
o2.d3.00-23.74 296.66  Z22. 450 PE4a
02.43.30-21.94  296.23 22, t resno
02.44.00-20.14 295,80 Z2.
0z2.44.30-18.35 295.539 Z2.
02 45 . 00-16.585 294 95 22
0z.45.30-14.75 294,57 Z2.
02 46,00 -12.95 294,17 22,
02 46,30 -11.15 293,77 22,
oz.47.00 -3.35 293.58 22,
0z2.47.30 -7.55 292,99 22,
oz .48 00 =575 292,80 Z2.
0z.d48.30 -3.95 292.71 22,
oz.49.00 -2.14 291.82 22,
02.49.30 -0.34 291.44 22,

g10 21

330 1616 :
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7 .

1565 1202 Magnetic

962 795 point
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5005-04-27 02 .36.00.000 | 02.50.00 1.46 291,05 22.2 2767 107
13.5 136.7 02.50.30 3.26 290.67 22. 2970 2SH
at ton %2005‘04‘2? 02.51.00.000 fp2 59 00 5.06 290.28 22 3172 454
Demeter (J
Geographical position between the orbit Distance :

4344-1 and the eruptive center :
Ground 6
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Aoba volcano: Type 1

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

== pgeographic ==
lat lon tloc dist dist

A0-68.43 194.26 23.7 6194 10594
00-66.75 192.34 23.6 5992 10393

A0-65.05 190.66 23.5 5789 10191

00-63.33 189.16 23.4 5586 9983

A0-61.60 187.827 23.3 5383 9785

.00-59.87 186.61 23.2 5181 9584

.A0-58.12 185.51 23.2 4978 9381

00-56.37 184.50 23.1 4775 9179

.A0-54.61 183.56 23.1 4572 8977

.00-52.85 182.70 23.0 4363 B77A

.30-51.08 181.89 22.9 4166 8574

.00-49.31 181.13 22.9 3963 8372

.30-47.54 180.41 22.9 3761 8171

.00-45.76 179.74 22.8 3558 7969

.A0-43.98 179.10 22.8 3356 7768

00-42.20 178.48 22.8 3153 7567

A0-40.41 177.90 22.7 2950 7366

00-38.63 177.34 22.7 2749 716A

A0-36.84  176.80 22.7 2546 B96S

00-35.05 176.27 22.6 2344 R76G

.A0-33.26 175.77 22.6 2143 BS6S

.00-31.47 175.28 22.6 1942 £36A

A0-29.67 174.81 22.6 1742 B16A

00-27.88 174.34 22.6 1543 5967

.A0-26.08 173.89 22.5 1345 5768

.00-24.29 173.45 22.5 1151 5570

.30-22.49 173.01 22.5 953 5372

S g ,58,00-20.69 172,59 22.5 0 775 5174
i1 10.58.30-18.89 172.17 27.4  £03 4977
lat ~19.8 1gn 11.5 %2005 t1-2l 10.44.30.000 1 e 01710 17176 22.4  461| 4781
2005-11-21 10.53.30.000 |15 59.30-15.30 171.35 22.4 378 4585

Geographical position between the orbit 7378-1 and the eruptive center
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- Electric field
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 [EX2]-1: Lascar (23.37S,67.73W) ; May/03/2005, VEI=3

Lascar volcano: Type 2

2005-05-03  14.31.00.000
15.5 317.7
lat lon EE% 2005-05-03  14.46.00.000

== geographic ==

uT lat lon tloc dist dist
14.31.00 11.29 297.68 10.4 3905 1270
14.31.30 9.49 297.29 10.3 3699 1077
14.32.00 7.6 ©96.89 10.3 3493 8ET
14.32.30 5.88 296.50 10.3 Jggs 708
14.33.00 4,08 296.12 10.3 3084 548
14.33.30 2.28 295.73 10.3 2880 4¢6
14.34.00 0,47 295.34 10.3 2675 384
14.34.30 -1.33 294.96 10.2 2471 445
14.35.00 -3.13 294.57 10.2 2267 576
14.35.30 -4.93 294.19 10.2 2068 741
MO 293 a2 HET—323
14.36.30 -8.53 295.41 10.2 1656 1117
14.37.00-10.33 293.01 10.2 1454 1307
14.37.30-12.193 292.62 10.1 1252 1504
14,38.00-13,93 292,22 10,1 1051 1703
14.38.30-15.73 291.82 10.1 a52 | 1903
14.39.00-17.53 291.41 10.1 G56 | 2104
14.39.30-19.33 290.99 10.1 469 | 2306
14.40.00-21.13 290.57 10.0 305 | 2509
14.40,30-22.93 290.14 10.0 223 | 2712
14.41.00-24.72 283.71 10.0 301 ) 2314
14.41.30-26.52 289.26 10.0 464 | 3118
14.42.00-28.31 288.81 9.9 650 | 3321
14 42 S0 -30_11 288 3d 9.9 gde | 3525
14.43.00-31.90 287.86 9.9 1044 3729
14.43,30-33.69 287.37 9.9 1244 3932
14.44.00-35.458 286.86 9.9 1446 4136
14.44,30-37.27 286.33 9.8 1648 4341
14.45.00-39.06 285.79 9.8 1851 4545
14.45,30-40.84 285.22 9.8 2053 4748
14.46.00-42.65 284.63 9.7 2257 4953

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

10



1 day before

D&y DEMETER Date ., 2005/05/03 Orbit: 04439_0
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. [EX2]-2: Pagan (18.13N, 145.8E) ; Dec./04/2006, VEI=1

Pagan volcano: Type 2

== geographic ==
lat lon tloc dist
65.00 167.84 11.4 5469
63.26 166.36 11.4 5265
61.51 165.04 11.3 5060
59,74 163.84 11.2 4854
57.97 162.75 11.1 4649
56.20 161.76 11.1 4444
54,41 160.84 11.0 4239
52,63 159.98 11.0 4034
50.83 159.19 10.9 3828
49.04 158.44 10.9 3624
47.24 157.74 10.9 3419
45.44 157.07 10.8 3214
43.64 156.44 10.8 3010
41.83 155.84 10.8 2805
40.02 155.26 10.7 2601
38.21 154.71 10.7 2397
36.40 154.18 10.7 2194
34.59 153.67 10.6 1991
32.78 153.17 10.6 1790
30.97 152.69 10.6 1589
79,15 152.27 10.6 1390
27.34 151.76 10.6 1193
P5.52 151.32 10.5 1001
23,70 150.88 10.5 814
21 89 1E0 dC 1 Ed
70,07 150.03 10.5 495
18.25 149.62 10.4 404
R R R T e e gy eg 00 16,44 149,21 10,4 408
11 00.79.90 14.67 189.81 10.4 506
1at ~16.2 1 168.3 EE% 2006-11-08 00.15.30.000 - " opi 12°80 143 a1 10.4 656
2006-11-08 00.30.30.000 g9 309,30 10.9% 148.02 10.4 831

Geographical position between the orbit 12583-0 and the eruptive center
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DEMETER Date ., 2006/11/08 Orbit: 12538 0 26 days before
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[EX3]-1 : Fernandina (-0.37,268.45) ; May/13/2005, VEI=2

Fernandina volcano: Type 3

1at 17.0

laon

2a9.8

%

2005-05-08
2005-05-08

16.22.30.000
16.37.30,000

== peographic ==

uT lat lon tloc dist dist
16.22.30 32.79 273.50 10.6 3729 5938
16.23.00 31.00 273.02  10.6 3525 5734
16.23.30 29.20 272.54 10.6 3320 5530
16.24.00 27.40 272.08 10.5 3116 5325
16.24.30 25.60 271.63 10.5 2911 5121
16.25.00 23.80 271.19 10.5 2707 4917
16.25.30 22.00 270.76 10.5 2503 4714
16.26.00 20.20 270.33 10.5 2299 4510
16.26.30 18.40 269.92 10.4 2096 4307
16.27.00 16.60 269.50 10.4 1893 4104
16.27.30 14.80 269.10 10.4 1690 3901
16.28.00 12.99 268.70 10.4 1487 3698
16.28.30 11.19 268.30 10.4 1287 3494
16.29.00  9.39 267.90 10.3 1088 3294
16.29.30  7.59 267.51 10.3 g92 3093
16.30.00 5.79 267.12 10.3 701 2892
16.50,30  3.98 2e6.74 10,3 520 #2691
16.31.00 2.18 266.35 10.3 JeE  Pd491
16.51.30  0.38 285.96 10.3 289 F293
16.32.00 -1.42 285.58 10,2 Jd0 P095
16,92 30 -3 22 265 19 10 2 432 1599
16.33.00 -5.03 264.81 10,2 658 1704
16.33.30 -6.83 264.42 10,2 847 1513
16.34.00 -8.63 264.03 10,2 104z 1327
16.34.30-10.43 263.63 10.2 1240 114[
16.35.00-12.23 263.24 10,1 1440 974
16.35.30-14.03 262.84 10,1 1641 818
16.36.00-15.83 262.44 10,1 1843 687
16.36.30-17.63 262.03 10.1 2046 599
16.37.00-19.43 261.61 10,1 2ed49 574
16.37.30-21.22 261.19 10.0 2451 619

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

14



5 days before

Orbit: 04513_0

TR2
% £ 1 DEMETER Date ,..,; 2005/05/08 Orbit: 04513_0
- 9 [»] ICE wLF Spectrogram {onboard) E12
£ E : 1000
;r %—5 -2 750 b =,
Lo n = T
o E—3 7 I
- ;:" 500 — E £
L 2000 == == e e : = _F* 3L
AR B o= WA : - etk it | I &
- i 1 | T |f—o =
£ 1000 — PR e e el
g v = - o ' S e LR _ i ke -\.E_p B IMSC wLF Spectrogram \CDHbGUH
T som—= ; ; m 1000 _a
= P SN e e | e ——— ey e oo N I
. e i 750 N el 'l | s
105 ISL Electron density (Mgl T IMSC g
EW%MMW g 500 .é -
F_‘ . W % <
E ] £ L | op-8
E ] R S -
X i
0 T
1 04 T T T T T T T T T T T T T T T T UTAT &80 0E0 182118 183115018 18:32:0710:14 1§:33:0000:12
ISL Electron temperdtufre [Te) o Ay P 2 e el
2333 Goom. Lat. 17.15 13.86 1037 757 439
S0 —
—
E a4dE
m
= QQES—WWW Unknown phenomenon
2063 , , has been recognized:
105 IAF lon density i MP) — H+ — He+ — o+
=}
o U |t can appear on | CE or
TE 104
:‘_:,-103 ' ™ - o= - _VWWJU ?' - OnICEandIMSC
=
10*1? - - — ﬁ -
1I:| T T T T
5145 [&F |lon Temperature ()0 NO Change Of Other
. parameters has been
- ;
Fernandira:- — recognized yet
LT mwﬁ% MW
° 1576
T T T T T T T T 1 T T T T T T T T
location
UTAT 162700 02s 162930120 16320101 4 1634 30008 1&:37-001 0.0
Lat. 16.60 7.50 142 -10.43 10,43
Long. 26850 287 51 285 58 BEA A 281_81

Goom. Lat. 2627 1718 8.03 -1.08 -10.21




4 days After

Fernandina volcano: Type 3
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Lascar volcano: Type 3

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

== geographic ==
uT lat lon tloc dist
295.54 10.5 4544
?95.14 10.5 4338
297.74 10.4 4131
797.34 10.4 3924
296.95 10.4 3718
?96.56 10.4 3512
296.17 10.4 3306
795,79 10.3 3099
295,40 10.3 2893
295,02 10.3 2687
?94.64 10.3 2481
294,25 10.3 2276
793,87 10.3 2071
?93.48 10.3  1B66
293,10 10.2 1661
292,71 10.2 1458
792,31 10.2 1955
£91.92  10.2 1053
791.52  10.7 854
£91.11 10.1 659
290,70 10.1 475
290,28 10.1 319
289.86 10.1 250
PR9.42  10.1 330
286.98  10.0 491
286.53  10.0 676
2AR.07  10.0 A71
L R .43, ; ?87.59 10.0 1070
_a9- 14.48.30-33.85 287.10 9.9 1271
lgt 3.9 1pn 918.7 EE% £006-03-31  14.34.30.000 4 " 0000 35 66 286.59 5.9 1474
2006-03-31 14.43.30.000 44 49 30-37.47 286.07 9.9 1678

Geographical position between the orbit 9286 0 and the eruptive center

dist
1881
1673
1476
1276
1078
835
639
530
396
345
409

720

07
1101
1299
1499
1701
1304
2108
2311
2517
27zl
2976
J132
3337
3543
3749
3954
4160
4566
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The day of eruption

Orbit: 09286 0= DEMETER Dats .., 2006/03/31  Orbit: 08286_0
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Summary of anomalies of type 1

wolcano | Latitude | Longitude | Orhit  Beforel | Hg Eruption | ISL IAP
(degree) | (degres) afler (YesMa) | (Yes/No)
s D T |[D T
Aoba -154 167.83 7320-1 -10 DCIS0 |12 [¥ 0 Y | ¥ ¥
(1496 o) 111702005 vei=2
T3TE-1 - A DiZ-200 v N |¥ N
1172142005
Akan 43334 | 144013 |91371 0 DC230 | @2l [ v v | N ¥
(1498 0312152008 ezl
91750 +3 DiC-150 N N [N N
0352452008
Bulusan 1277 12405 12061-1 -4 DC-150 | l0A0200e | v ¥ [N ¥
(1565 10/0652006 Vei=2
8727-1 39 | DC-I50 | @Elae ¥ ¥ | ¥ ¥
Q22152006 Vei=2
Carlaon | 10412 |[123.132 |10137-1 -8 D700 | D8i0s008 N M
[2435my 0552252008 Vei=2
LiC s T 2428 141485 | %741 -30 DC-100 | OPiRends | v N N
fearete 06/02i2005 Tais]
(-1 hrm)
Lascar -23.37 | 29227 43441 -7 Dooaon | GSmeds |y M| YN
(5502 m) 042712005 vei=3
9102-1 20 |Dcaso |ommee |voov |vov
0311952006 vei=3
001 291 DC-120 M N [H H
0352752008
7341 + 13 D250 ¥ Y ¥ N
050152008
Lopewi -16.507 | 165346 | 3083-1 I DC150 |oUE®s v N [N M
(1413 m) 01i302005 vi=2
Miyake 34.079 | 139520 | 111201 -10 DC-100 | BiG6 [N N |M 0 M
jima 02M3i2006 Veirl
(815m)
11135-1 -19 DiZ-200 N K ¥ N
03m42008
Rabaul 4271 | 152203 | 29671 -3 DCES0 |2l | N W (M M
(638 1m) 0142202005 vmi=2
113001 411 | Doo1e0 | male |voov (N Y
0352252008 Vei=d
Ianarm -4.08 145037 | 1451 18 DE-500 | 10/242004 Y oY
(130711 0912612004 vmizd
Myamura | -1408 | 29.2 12726-1 -7 DC200 | 12w20ds |v ¥ [N M
-gira 1172002006 Vei=2
(3058
Banta Ana | 13853 | 270,37 | 46651 8 |DCIE0 |ess vy | ¥ ¥
(233 1my 0511952005 Wei=1
Soputan | 1.103 12473 13251 -17 DC-150 | W/ieawd | vy (N ¥
(1784 m) 10io12004 vei=3
3121 20 | DCs00 |weas v 7 [N ¥
0352152005 vei=2

*These anomalies may appear before

and after eruptions

* They seem not to be related to the
VEIl index ?

*They come out on the electric field
(ICE), not on the magnetic one

*The frequency domain is generally

below 250 Hz

* [SL and IAP should be observed
simultaneously

Electrostatic turbulences
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Similar event related to Earthquake

DEMETER Date ;.- 2004/1 1/21 Orbit; 02072_0
IMSC VLF Spectrogram (onboard) B2 4
~ 2000 N &
z 1500” E =4
Ewooo E Ly -
Characteristics: ‘ E’Wﬂ“— E . Electrostatic turbulence
Date: 22 NOV. 2004 2002 VXCE \/LF Spectrogram (onboard) = appears for bOth .
Time: 20:26:25 UT £ - o ! ' :| 4| earthquakes and volcanic
Position:-46.57°S gmooA ICE ;i E o eruptions_
164.83°E 5 500 ' & I .
M=13 T o' | And the same mechanism
al €clron Tiux = 5 .
$ it £\%:| should be involved
%Wfp é lgj
fin2es ] <fo
0 1 e <l 10
Earthquakes <
2000. o) AI 0-6h
gt T 6-24h
£ e mes 15
0 ' 5-30d
Ul R T Ve 4 2 Ko~ e L“ > 300

UTILT  22:27:00/09:57 22:29:07/09:51 22:31:15/09:44 22:33:22/09:34 22:35:30/09:21

Lat.  -27.32 -34.96 -42.56 -50.12 -57.62
Long. 17251 170.45 168.08 165.20 161.45
Geom. Lat. -31.38 -39.21 -47.03 -54.85 -62.66

After Parrot et al., 20



Mechanism for type-1 phenomenon:
Electrostatic turbulence

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

» Piczoelectric effects related to stress variations during
microfracturing of rocks in the ground

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

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

valcano Latitude Longitude Orbit | Befirl  Hz Eruption :
(degree) (degree) o *These anomalies may appear before

Fam ET AT U ET R L and after eruptions

(1703m) o=

G e sne | oeaw  |onams | Some of them should occur the day

1476(1m) 05112/2005 wei=2 the eruptive event

Lascar AT Ity 4438.0 -1 DiC-10000 05/04r2005
050352005 Vel=3

R T toom (wmms— | © 1hey seem not to be related to the
0410172006 vel=3 o

Lopevi 16507 168.346 26540 |.30  DCAS0D0 | 01302005 VEI index ?

1413(m) 1213142004 ggﬁgggn vei=2 :
150 | .91 DO-20000 *They come out on the electric and
010952005

Nayon o e o |3 oo Tommw | the magnetic fields; they are sferics
(24621m) 0671412006 Veint

pabl |12 pelin R «The frequency domain goes up to

0209/2006 Vei=l
P 18.13 1458 125380 -2 DC-12000 121042006
(;?gna;} 110812006 Vei=1 15 kHz and more
Fabaul 4371 15710030 2020 -8 DiC-20000 0172572005 : ]
685(1m) 011712005 vei2 * No other parameter is disturbed

Hoputan 1.108 12473 1789-0 +11 DiC-13000 1001872004

(1784 m) 1110142004 vei=3 @

Electrostatic discharges
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Mechanism for type-2 phenomenon:
Sferlcs produced bx electrostatic discharges

DEMETER Date g 2005,’05/03 Orbit: 04439 0
is BE
I 1?2: [MSC MWLE Siectroiram rnbourdi iz —r\'::
) 1; :ISL Electron density (Me) _'_
E ]
4:: ISL Electron tmmture iTe)
38304 M'\M
Many explosive volcanic eruptions are accompanied e
by lighting and atmospheric electrical phenomena. 5 o
Maybe some of them can occur before eruptions? s e M
During  eruptions, plumes generate large | =] W
. * s 1920 Jl"M
perturbatlons at the Surface and ln the alr. UTAT 1438000 0:07 I1-t33:1a’10:m Iu:ao:awmm 14:41 45/08:58 144300:\:3:54

Lat. -13.93 -18.4% -Z2B3 2742

Atmospheric electric potential gradient and high | .. % ~ e . e
charge densities are generated by ash particles.
This eruptive electrostatic discharge can change the
atmospheric conductivity and be monitored b

P Y | > Database: Mc Nutt works
Demeter. 23




Summary of anomalies of type 3

voleang Latitede  Longitude | Orhit Efﬂfﬁf Hz Eruption ISL|IAP
degree)  (degree o (Yes/ |(Ves/N
(degree)  (degree) Dej Sl i
DTDIT
Fernanding 037 16843 45130 -5 00 O¥I32005 N N NN
1476(1m) (30872005 ve1=2
46440 +4 750 N N NN
03712005
Lascar 215 Wil il A3 500 0B NN NN
5507(m) 0373172006 vei=]
SUWRNDE- 12371 28 250 104 NN NN
Jirna W63 120716 | P Vei=2
(799m)
Talang 0978 1079|112 1§ 100 B0AE N N NN
(2507 m) 08r23/2006 Verl

*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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Thie map is part of "Discovering Plate Boundaries,” a classroom

SCIENTIFIC SPECIALTY: VOLCANOLOGY
Red dats indicate currently ar histerically active volcanic features

Thie list obtained from the Smithsonian Institution
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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 25



Occurrence of the 3 types of anomalies

Preliminary results

T T T T T T T T T T T T T T T T T T T T T T T T T

Type 3 ERUPTION: 3 5ges
Lascar' 'alang Fernandina
25 .20 __ 45 40 _ 5 o 5 10
Type 2 Electrostatic discharge Egon
| [Pee " . 8 cases
Mayon Lopevifl Mayon Mayon}|Raba Lascar Soputan

13 cases | .|




Concluding remarks

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

P 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

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

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

* P 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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