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& main slide Overview

Piton de la Fournaise volcano

e recently 1-2 eruptions per year TLAS
e pre-eruptive signals: seismic swarm, tremor : |

750 1.500 km

Installation and methods

e rotational sensor, array (8 seismometers) g .
e ADR, SNR, BAZ for rockfall, local + summit EQ €0 e o= b

CSS CS4
()

Results

e array BAZ good for close & stronger events

e rotational sensor rockfall BAZ possibly true

contact: Nele Vesely (veselyl@uni-potsdam.de)
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¢ main slide Array derived rotation (ADR)

* displacement relation between neighboring points assuming infinitesimal
deformation to obtain rotation (cosret s 200, spudich et at. 1985

e rotation approximated by solving sampling points’ linear equations; finite
difference approximation by array stations (G) assuming uniformity of the
Strain tenSOr Over array EXte nt (Spudich et al. 2008, Suryanto 2006)

Uy Uy s Uy ), | Uyt |
G = Uy Uyt Uiy w, | = Uz
— — —n(u,, + u,,) @ Y, —u,)
Mr,z M},‘,z }7 Mr,r “t,r 1 Zz 2 i Ly Donner et al. 2017

frequency (f) range limited by array aperture (h)

* here: 1 - 3.5Hz from 225m distance of 3 array stations and ground

heterogeneities

0.00238 - ¢ <f < 0.25-¢
h h

Donner et al. 2017

contact: Nele Vesely (veselyl@uni-potsdam.de) 4
< methods




¢ main slide Signal to noise ratio (SNR)

* Theoretical background:

* calculation of averaged SNR as the sum of the root mean square
(RMS) of all components’ Signal (S) and divide by sum of RMS
Noise (N)

¢i Z:;{] SS: + Sr?r' + S:I:

VEZL N2+ N2+ N2

SNR =

ni
Eibl et al. 2022

e Configuration here:
* RMS of two 10s-time windows before and during the event
* gap of 5s between the signal and noise windows to avoid overlap

contact: Nele Vesely (veselyl@uni-potsdam.de) 5
< methods



& main slide Backazimuth (BAZ) — seismic array

* Theoretical background:
* Fast Fourier Transform of real input
e computing covariances of signal at different array stations
 creating slowness maps
* calculating BAZ from slowness map

* Output:
 BAZ
* slowness
* power (real, absolute)
* semblance

e obspy code from Van Driel & Bayreuther 2010

contact: Nele Vesely (veselyl@uni-potsdam.de)
< methods



¢ main slide BAZ — horizontal components of rotational sensor

* Theoretical background:
 rotational sensor horizontal components for orthogonal distance regression

* ambiguity corrected with co-located seismometer
* assumption of only one source and planar incoming wavefield

Ak singsin(wt — K- r+ @),

Ak cos ¢ sin(wt — k- r + @),

e OQutput: BAZ, standard error

e Configuration here: 1s sliding windows, overlap of 10%

e code from Wassermann et al. 2016 & Wassermann et al. 2020

contact: Nele Vesely (veselyl@uni-potsdam.de)
< methods



< main slide BAZ — 6C: vertical component of rotational sensor

* Theoretical background:
* North and East seismometer components rotated around possible BAZ values
e correlation of transverse and vertical rotation from rotational sensor
* BAZ of highest correlation extracted
* phase velocities estimated from amplitude ratios

ar —k*c® Asin(kx — kct) X
— = = —2c
W %kch sin(kx — kct)

Hadziioannou et al. 2012

e Output: BAZ, phase velocities
* Configuration: 1s sliding windows
e code from Hadziioannou et al. 2012

contact: Nele Vesely (veselyl@uni-potsdam.de)
< methods



& main slide Results for events

Spectrograms

SNR

ADR

contact: Nele Vesely (veselyl@uni-potsdam.de) 9
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SNR: Rockfall event 25.11.2022

ROCKFALL event on: 2022-11-25T00:04:15.000000Z, East, 2 to 5 Hz
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SNR: Volcsummit event

VOLCSUMMIT event on: 2022-12-02T06:43:27.000000Z, East, 5.5 to 10 Hz
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& main slide SNR: Local event 30.12.2022

Frequency range: 2 to 10 Hz
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& main slide ADR: Rockfall event 25.11.2022

:

ADR (CS6, CS7, CSS) (red) vs blueseis rotation (black) filtered from 1 to 3.5 Hz
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& main slide ADR: Volcsummit event 02.12.2022
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ADR (CS6, CS7, CSS) (red

ADR: Local event 30.12.2022

) v tation (black) filtered from 1 to 3.5 Hz
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Back azimuth array

ROCKFALL: 2-5Hz
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¢ main slide Back azimuth horizontal components
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Rockfall event
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Back azimuth array

VOLCSUMMIT: 5.5-10Hz
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¢ main slide Back azimuth horizontal components
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Volcsummit
event
02.12.2022

Distance to CSO:
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360

Back azimuth array

LOCAL: 2-10Hz
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Local event 30.12.2022
Distance to CS0: 12.1km

& results
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Local event
30.12.2022
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& main slide i Outlook

e stronger, closer events seem to work better

* more events needed for comparison, generalization of
results

* BAZ influenced by site heterogeneity, sensitivity to noise
 further comparison with wind to understand noise

v
Qy}\u““b," ,’

S
‘( Iy _']_,,i,- contact: Nele Vesely (veselyl @uni-potsdam.de)
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y [km]

Appendix: Array response

7650.84
[cs7)
Se
7650.34 -
Se
L
Se £53
Se
7649.84 -
[CS5) [csa)
\. \,.
7649.34 l l l ,
N % N %
/b' Ib. v' va
P P P P
X [km]

No. of Pairs

0.0 0.2 0.4 0.6 0.8 1.0
Inter-station Distance [km]

Wavenumber [1/km]

1.0

20
0.8

10
0.6

0
0.4

-10
0.2

=20

-20 -10 0 10 20
Wavenumber [1/km]

Avg. Dist. of seismometers = 0.491 km

Min. Dist. of seismometers = 0.079 km

Max. A elevation of seismometers = 39.99 m
Array aperture = 0.953 km

Apparent velocities expected = 1-10 [km/s]
Array geometry constellation no. 71

contact: Nele Vesely (veselyl@uni-potsdam.de)

29



¢ main slide Appendix: Array responses as slowness maps

rockfall volcsummit local
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