Towards real-time monitoring with a seismic antenna at Merapi volcano, Indonesia Efopean

Geosciences
Jean-Philippe Métaxian!?, Agus Budi Santoso3, Francois Beauducel %3, Nabil Dahamna, Vadim Monteiller#, Ali Fahmit Union

| AGENCE NATIONALE DE LA RECHERCHE
L
l_PGIP 1 Université Sorbonne-Paris-Cité, Institut de Physique du Globe de Paris, CNRS, France. Email : jean-philippe.metaxian@ird.fr 4 Laboratoire de Mécanique et d’Acoustique, LMA-UMR7031 AMU -CNRS - Centrale Marseille.
e Recherch R B pRers 2 Univ. Grenoble Alpes, Univ. Savoie Mont Blanc, CNRS, IRD, IFSTTAR, ISTerre, 3800 Grenoble, France S ‘ e r‘re
nstitut de Hecherche 3 Center for Volcanology and Geological Hazard Mitigation (CVGHM), Geological Agency, Bandung 40122, Indonesia

Dével t
\ Eo:r: Ne\éeEoppemen Institut des Sciences de la Te re

" Tectonic settings and volcanic activity Seismic antenna geometry o Analysis of continuous signal

o6 s . . ~ 2000 . EXplosion October 14, 09:31 UTC
y ] nes i ° ° 3‘/
et O o w 0 sookm | Located about 30 km north of i Pasar Bubar seismic antenna z o
o u ina cea Cb l ] . o _
; the city of Yogyakarta, Mount i . G
" 4 5Y Position of the seismic recorders S -2000 -
s Merapi is considered as one of i emi 00 %0 720 1080 1440 1800 2160 2520 2880 3240 3600
: i O TS e T composing the seismic antenna MEA g 9 3b) —
Indonesia with 3000 to 5000 (white circles). Z 08 ‘
fatalltles since 1672 (Slmkln & = Sensors have a flat response Egi_
i @ZQ rST:i(TIIiooenrtE)eol|:)9Iz4I?\-/e Aalf‘?:sts ttt:’;z E characteristic from 30 s to the 50z
i u i i & 0.0 T e e e e e e e, PDF Back-Azimuth
T ol ey °° ) 30 km from the active crater. é NVSUISL ;:requency t(SO Hfz)z.g(;l'hls 8 c) 3 0 1
anda Sea 0 : : < S 360 gy e R A 7S P 6 g € jp 361
PLATE /4| The recent eruptive history of 3 network nas an a.per ure o m. RSP IO T A R . R R i 5; ; 20
= | Merapi (Voight et al., 2000) is The shortest distance between g 240 (57 aek M E g VIR P T IR L i aas f 4 3 24
- ' ' 2 1go [HAnR e s R g gl AN BT, ) ﬁ,«/;m’g‘:w‘ £4 0508 '“;5‘; P 5 2 18
R <A characterized by two eruptive sensors is 100 m. B g0 ¥ p 3L "-3"“{'," WO T YRR T SV e .- o
continentaésh:lf » StVlESZ _Eflé 60 — .o P I e’ . . : * 1 % ‘ 6!
S | N Obd)' a0 70 1030 1ad0 1800 2160 2520 2880 aedo | 300 < a |
Volcanic Explosivity Index (VEI) 1) recurrent effusive growth of 269, “ i e e Timels) , o L an— 6
5 o ot viscous lava domes, with T | ] ERR I NI IO iy R 5 s e e o g S
gravitational collapses 480 4385 4390 4395 4400 Array proceSSIng % g | T RS Lo 5 .. i,' o 283 ) '.2 2 'f:. ) . 180 E 3
163 : . LONGITUDE (KM UTM) > 5] b R S K-St M4 cd ‘:’g Nos 1 B g N
4 A producing pyroclastic flows £ f‘. AR o g 1 gk s ¥ 128 S f
. . . . . . . . . . . g 17 € $ -t ' S 7 r
known as « Merapi-type In the perspective of a real-time application, the main analysis, which consists of estimating the §o' ................................... - - 0o I 0
199 4 . c c 0_9nc c 0 360 720 1080 1440 1800 2160 2520 2880 3240 3600 0 1
[ 2 04 nuées ardentes » (VEI 2) slowness vector, requires a shorter computation time than the data acquisition time. We thus Time (s) PDF Apparent velogity
1 20 2) more exceptional explosive focused onta s:gnaldproces§|ns]g tfechnlque b;se;j cc)sn the calctulz:ctfn 01;t||me deI(;ays on -tfledvertlcal a) Unfiltered seismic record
eruptions of relatively large component only and in a single Trequency band. Lalven a Set ot time delays and associated errors b) Coherency averaged over all the pairs of stations (black) and a weight function expressed as a
| S | S 0 1RO ACTANS o size (VEI 3-4). calculated between each cogple of senso,rs |n' the frequency domain, the corresponding slowness function of the derivative of the time delays (blue)
1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 vectors can be recovered by inversion (Metaxian et al., 2002). c) and d) Back-azimuth and apparent velocity expressed respectively as function of the apparent
Merapi - Historical eruptions (AD) We estimate the slowness vector and deduce the back-azimuth and the apparent slowness (or velocity and the apparent velocity represented in color
. . . oo velocity) for successive 20 seconds time windows along the seismograms recorded by MEA array. e) and f) Hourly PDF of the back-azimuth and apparent velocity obtained by weighting time values
Recent phreatlc and magmatic eruptive activity E 3 of these 2 parameters by the weight function represented in b)
1 £ . Daily analysis (October 14th)
09-11-2019/06-24-30 S o 8 o Time (s)
2000 ‘ ‘ | " . 2870 287.5 288.0
1800 1860 1920 TIME (SEC) 1980 2040 2100 1800 1830 1860 1890 1920 TIM1E9(580EC) 1980 2010 2040 2070 2100 g ?gg ] ‘ ‘ ‘ ' ' ' ‘ ‘ ‘ ‘ ‘ l - ‘ ‘ ‘ ‘ ' ' ' ' ‘ ‘ ‘ -
2 ] " . | L L.l
1.0 1 » > 0 | T ¥ Poede
4] 08 | e S 2200 - PDF Back-Azimuth
B > oo . ) ©5-300 -
2 5 e o oA, S 360 - 360
Soortimons T el T £ 50 0
e £ 180 ° o o © & o ¢ 180
18 3 120 - 120
00 T 560 - 60
SE O 0
Sy 300 | i %;51 a ] :::;\-“'1- - ! 2
% S om0 A .,s. .,.7.‘:":.1;.:'. i § g : i - s I S
g §180 - 8 .y f_;': ;,Mvv*f-"vsmﬂ Py R :_ P = . 1
© CVGHM P P N ( b) 1000 | | ‘ Tme s ‘ | | 627 é %1(1) : I PDF Apparent velocity
¥ W || I Ml- U Ll o 5 01- Data disturbated by electronic
T \l i ‘i| f l' u wod bl LI s “m
. . . . . ol l # ‘ || "“ V 6000 = b Tl Ly = 0'012870 S e T 5ga0 glinches on 1 station
Dome growing since August 2018 Explosion associated with dome collapse s ‘,l d‘ #v;m, il e O AT | e '
g " | |" Ll & ~"’" P .\.,@mww o | | | I\Illonthlylanlalylswl (Octqber 201|9) | |
A series of phreatic eruptions occurred in May—June 2018 followed by a magmatic eruption e S 300 | | k R
characterized by dome extrusion that started in August 2018. Magmatic explosions associated Multi-frequency analysis Frequency- band 0.5-3 Hz o " | : w6
with dome collapse occurred in 2019 and 2020. o . . . % 180 | U Dy a o o e s Bt et “ Tasatacs B
Analysis of different volcano-seismic events £ oo M . ity il o s
F 120 ) T e . | oy 1% e S
c c 0n.g . c . c = | I
- 12 phreatic explosions between May 11, 2018 and June 1%, 2018 The position of the antenna in the crater area makes it possible to estimate the slowness vector 8 g0 | 2 £
. . . . . | - ' e
- 13 magmatic explosions between September 22, 2019 and April 10, 2020 only for superficial sources (<2 km deep) 01— o 1 3
274 276 278 280 282 284 286/ 288 290 292 294 296 298 300 302 304 <
_ i .:é 1000 MEAO1 15-11-2019 19:00 E MEAO1 14-10-2019 17:00 . Ti me [S]
Phreatic explosions Magmatic explosions : - N E— — — Explosion October 14
2018 2019 2020 S L AU PR | - SO N _
3150 3180 3210 Sillll\(;E S£0 3270 3300 3330 TIME (SEC) 210 240 270 300 - ?SZEI(E)C) 360 390 420 450 _\E‘ :
< 6 - - @ 360 =
‘ ’ 1.0 1 . 1.0 7 1.0 > I r o)
7 0.8 - 081 ’ 08 § 5— i ) 300 ;GOJ/
> ' ' 5 06 | : - T 4 | B 240 <€
—~ 102 E W / = 102 —~ £ i "o — - £ : f>j 3 : . - 180 2
g I (0] / — g 8 04 Tteee . aeese.  Tvesee,, eoe,o%0s . o *asate e o0 0% g 04 e ”'.....,. . ) - P [ | ] | g
] Q / B P S e e e P - S - , e P O 5 ] | I i 120 N
= n = / % // B — ° 0 C | I ! [
> - S % % g% - > 00 00 e 00 2 4 - i R 60 'é
g:) 101 = (g %%é g% = 101 g:) 360 - 360 1 . 360 . < 0 ] ‘ " (‘ ." ' " ' ' ‘ ' ' —L— ' J ' \ ‘ _F__T I ' I ‘ I ‘ I ' I _ 0 o
U E o %% g% - L s . o 3 . 274 276 278 280 282 284 286 288 290 292 294 296 298 300 302 304
o~ i 2 i A Ll g 2 e 0 - Time [s]
- ® / / é % / ; — £ 180 é 180 ¢ osessase " oo . 5 180 " 0 S E 1 I
% 100 — 2 Z% %% = 109 CED et B 5 A S AR . T Main results
% g @, Z% é% : CU—G’ iy I A S LA 0 —_— % L —tt « We estimate hourly values of a PDF of back-azimuth and apparent velocity in the frequency band 0.5-3 Hz,
n | = %% g% T 2 ong ! w00 ] ' ! | 1 1 - indicating the origin of the dominant seismic source as well as the type of waves and the source depth.
10-1 % é i é Y 10~ g 100 | - £ () 2 Ity | ' * Back-azimuth between 190° and 235° point the crater area
‘ sooo I e AR e Jawo R A * Depending on the type of waves, apparent velocities between 1 and 2 km/s indicate superficial sources
201 8 201 9 2020 :ggé " . ) : . ; ‘ i | 025;:0... . 2580 2610 . 2.6‘40 2670... 27.00. | 27?:)".”'2760 ..27:90. 07 ‘ . ‘ .‘ ) a .. o ‘ ‘ . ‘ ° Tlme'va rlatlons Of appa rent VEIOClty are nOt eXplaIned fOI‘ NOW
T e T , THEEES , ST e T T  Computation takes a few seconds per day of data sampled at 100 Hz for an antenna of 4 to 6 sensors, making
Multi-phase event (Hybrid) : : : L
D VT event Pyroclastic flow event this processing adapted to monitoring.
cep VL EVE d superficial V
and superficial VT event * We plan to integrate this tool in WebObs system (Beauducel et al., 2020) for real-time monitoring of Merapi.




