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Observatorio Sismológico y Vulcanológico de Arenal y Miravalles 
(OSIVAM) 

Town. 
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Telemetric link. 
Seismic station. 

OSIVAM (Chiripa, Tilarán) 

1. Monitoring system 
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2. Classification of seismic signals: 

Four basic type of events: 



Benoit & McNutt (1997) 

Combined events: 
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2. Classification of seismic signals: 

Four basic type of events: 



3. Characterization of seismic events: 

Discrete Fourier analysis: 

Hagerty et al. (2000) 



Fourier spectra 

AR filters 
(Yule – Walker algorithm) 

Burg method 

AR poles representation 

Time-frequency analysis: 



Complex behavior of volcanic tremors and superposition of events (Lesage et al, 2006) 
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Spasmodic tremor of Arenal volcano, Costa Rica (Lesage et al,2006) 
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Mora et al. (2001) 

5. Study of seismic site effects: 



Seismic refraction models 



H/V spectral ratios (Nakamura, 1989 

Signal 

FFT 

Smoothed 
FFT 

Spectral 
ratio 

Average (Field & Jacob, 1995): 

N = number of windows. 
Hn y Vsn = smoothed spectra. 

H component: 

Usr = radial component. 
Ust  = transverse component. 



Mora et al. (2001) 



5. Study of structure: 

Mora et al. (2006) 

Spatial correlation method (Aki, 1957)  



Velocity model: West array 

Frequency (Hz) Velocity (km/s) 



Velocity
 models:
 Northeast
 array 

Frequency (Hz) Velocity (km/s) 



Spectral ratios  



6. Source event location: 

Hagerty et al. (2000) 



accuracy: 
›  tremor :  ~ 600 m 
›  explosions :  ~ 450 m 

Seismic zone: 
–   600 m radius 
–   over the crater 

45 tremors 50 explosions 

2 mn of tremor 
4 triangular arrays + 1 "L" 

Métaxian et al. (2002) 



8. Doppler radar and seismic experiments: 
Valade et al. (in progress) 



Valade et al. (in prep.) 



Valade et al. (in prep.) 



9. Acoustic and seismic applications 

Hagerty et al. (2000) 



Mora et al. (2009) 



Repetitive pulses stabilized by 
statinary waves on the tubes 

a = Resonator conduit filled of magma + gas 
b = Lava plug. 
Resonator limits = 1. plug, 2. bubble formation 

9. Conceptual modeling of tremor source: 



Nivel 1: 2 independent sources (high f1) 

Nivel 2: 2 conected sources 
              1 resonator (low f1) 

Tremor double source 



Fotos de: L. Madrigal, 2004 



Fotos tomadas de: www.arenal.net 



Valade et al. (in prep.) 



TURRIALBA VOLCANO 

(Photos: Soto and Ruiz, 2010) 



(Photos: Ruiz, 2010) 



Coherency of the signals:  

Superposed signals 
Common source 
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TURRIALBA VOLCANO 

UNREST 



2009… 





TREMOR VOLCANICO: 

1.  Frequencies around 2,5 Hz.  

2. No changes on frequencies 

3. Amplitude changes. 



6 hours record at CIMA station. 

Tremor pulses of 10 min. 
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Drumbeat events (VLP events)???? March 2010 
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Turrialba volcano RSAM 

2010 





COMPARATIVE STUDIES OF DIFFERENT VOLCANOES 

MORA (in prep.) 



f = 4,4 Hz     Q = 210 

Deconvolution of the
 signal 

Spectrograme 

Continuous wavelet transform  

Capon Lagunas 

Instantaneous frequencies 
AR modeling 

Lesage et al (2002) 



Time–frequency analysis of the 
vertical component of the LP 
event at Misti. (A) First 20.5 s 
of record. (B) STFT (2.56 s). 
(C) CWT. (D) Capon’s method 
(0.6 s). (E) Lagunas method 
(0.8 s). (F) Instantaneous 
frequencies in spectral bands 
centered at 2.5, 4.4, 7.2, and 
9.2 Hz. (G) AR modeling (0.8 
s). 

Lesage et al (2002) 



Each fluid has properties (compressibility, density, sound wave velocity, etc) that
 determine the characteristics of long period events and tremors. 

Q factor analysis approach from Kumagai and Chouet (2001): 

AR analysis 



Example: Synthetic LP
 events calculated using a
 crack model filled with
 different kinds of volcanic
 fluids. (From Chouet). 

water 

basalt 

ash 

Humid gas 



AR analysis 

Turrialba Irazu Poas 


