








Seismometers 

•  Seismoscope 
(China -100BC) 



Seismometers 

•  Seismoscope 
(China -100BC) 

Broadband seismometer (1mHz-10Hz)  
(Cacho, 1998) 







3 components  
Frequency range: 1mHz-10Hz 
Period range: 0.1-1000s	


Chile July 30, 1995, Ms=7.3 



Kurils islands 1994-277 Ms=8.3
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Kurils islands 1994-277 SCZ-VLP 
Spectra 3 hours 



Spheroidal modes       P-SV 

Spheroidal modes      P-SV 

Toroidal modes SH 



(Roult & Clévédé, 2005) 
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Sumatra-Andaman earthquake 
26 December 2004 
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TAM (Tamanrasset, Algeria)  

BROADBAND SEISMOLOGY  

http://geoscope.ipgp.fr 



TAM (Tamanrasset, Algeria)  

GEOSCOPE and Noise 



Seismic Signal Daily variations (PSE in DB) in 2007 at 2 stations 
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Stutzmann et al., 2009 





Nishida et al., 2000 
Normal modes 
OHP document Tanimoto, 2001 



NEW APPROACHES 



  Multiparameter Station 
Deconvolution of the seismic signal from the 

pressure influence 





Broadband Seismology 





Glacial Earthquakes  
(Ms ≈ 5) 

}Glacial Earthquake 

}Tectonic Earthquake 

Ekstrom et al., 2003 



Glacial Earthquakes 

•  Carene Larmat (LANL), Jeroen Tromp  (Caltech),  
    Qinya Liu (IGPP) 
•  Very long period excitation 
•  Can we locate glacial  
earthquakes by time reversal? 



Greenland - 28 dec 2001- M=5.0 

(Larmat et al., 2008) 

Time-Reversal Method  
SEM (spectral element method) + S20RTS (Ritsema et al., 2001) 



Greenland - 28 dec 2001- M=5.0 

(Larmat et al., 2008) 



Larmat et al., 2008 
Monitoring of Glacial Earthquakes 





Nishida et al., 2000 
OHP document 

Continuous 
Excitation of 
Normal modes 
even when  
there is no  
Earthquake: 
Source unknown 



Nishida, Montagner, Kawakatsu, science, 2009 

Seismic Hum: Cross-correlations of noise between stations 

R1      R2 

NNA NOUC 

55 stations 



Published by AAAS   Nishida et al.,  Science  (2009)     

 Observed CC functions plotted against separation distance between a pair of stations 

Resolution of the tomographical model related to the density of station coverage 



Nishida et al., 2009 



ORIGIN OF THE SEISMIC HUM 

Rhie and Romanowicz, 2004 

Wave height 

winter    summer  
   



NETLANDER: MARS… 

APPLICATION TO TERRESTRIAL PLANETS 
NETWORK OF AT LEAST 5 STATIONS 

(Lognonné et al. 2004) 

Cross-correlations of 
Synthetic Mars Hum 
(Nishida et al., 2009) 



Broadband Seismology 





Seismic Anisotropy: Cracks, fluid inclusions!
(strain-meter or stress-meter)!

stress field rotations in the crust !
⇒ temporal variations of velocity!

and anisotropy during seismic cycle?!



• Body waves:  Shear wave splitting 
  (birefringence) 

• Surface waves: 
- Azimuthal variations of phase (or group) 
velocities, radial anisotropy 
- Quasi-Rayleigh, Quasi- Love  
 polarization anomalies 

Surface waves 
(Rayleigh, Love) H 

Courtesy of Ed. Garnero 





Monitoring of seismogenic zones by ambient noise 

Surface waves recovered by  
ambient noise cross-correlation 

• Surface waves instead of body waves 
• Independent of seismicity 
• Continuous noise = continuous monitoring 

• Application to the Parkfield area 
• 3Component HRSN 
• Sept. 2004: Parkfield event, Mw=6.0 
• 2005: No significant local earthquake (>4)  



ZZ ZR ZT 

RZ RR RT 

TZ TR TT 

Cross-Correlation Tensor 

THEORY 

Cross-correlation for 2 stations i, j and 3 components k, l 

Brenguier et al., 2008 

Random sources: 
Green’s Function i,j 
Medium response 





ZZ ZR ~0 
RZ RR ~0 
~0 ~0 TT 

ZZ ZR ZT 
RZ RR RT 
TZ TR TT 

ISOTROPIC MEDIUM 
Rayleigh wave 
Love wave 

ANISOTROPIC MEDIUM 
Quasi-Rayleigh wave 
Quasi-Love wave 



Example of cross-correlation tensor 

TZ, TR, ZT, RT ≠ 0 
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ORA: Optimal Rotation Algorithm (Roux, GJI, 2009) 

Ψ      δ	




 Before ORA 
 After ORA 

Not a  Rayleigh 
Tensor 
=>  
Quasi-Rayleigh 

Temporal Changes 
of Ψ and δ ?	


Time (s) Time (s) Time (s) 



Temporal changes of Cross-correlations: 

2 effects: 
-  Non-random distribution of seismic sources 
              seasonal variations 

      (beamforming analysis) 

-  Stress field temporal variations 
    anisotropy changes     



Seasonal Changes 



Time variations of Ψ angle after noise removal 

Significant co-seismic 
jumps for station pairs 
containing station 12 

Tentative interpretation:  
stress rotation => rotation of the crack distribution 

Ψ 



Conclusion 1	


• New Method for continuous 
monitoring of stress field	

• Noise correlations sensitive to:	

- 1) Noise source location	

- 2) Anisotropy (stressmeter)	

• Separation of 1) and 2) by SVD	

• Significant co-seismic signal 
observed at station 12	


Future	

• Strain measurements	

• Application to other tectonic 	

 contexts and volcanoes	

• New Instruments	




TAM (Tamanrasset, Algeria) 

New instrumentation	

The PRESENT and the FUTURE?	


Multiparameter stations	

(microbarometer, thermometer, GPS)	


Other sensors: 	


Supraconducting gravimeter	


Electromagnetic sensors?	


Long base tiltmeters?	


Rotational seismometer?                VIRGO	


Seismometer Array	
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New signals  =>New findings	




  Rotational Seismology 
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P0, Q0 … undeformed medium 

P, Q ….. deformed medium 

Deformation of a continuum 

Displacement derivatives represent a second-rank tensor  
which can be resolved into  
a symmetric and anti-symmetric parts: 

strain tensor rotation tensor 



  Rotational Seismology 

                       2.  R Ring laser interferometer 

Superposition of co- and counter-rotating  
laser beams 

At the output, the frequency difference between the  

beams carries the information about the rotation rate. 



  Rotational Seismology 

The ring laser at Wettzell (Germany) 

ring laser 4 x 4 m 

(resolution 10-12 rad/s) 



Geophysics and Gravitational Wave Interferometers 
APC – IPGP 

(M. Barsuglia & J.-P. Montagner) 

Exploratory Project 

Sensitivity of GW interferometers	

 limited by seismic noise (tectonic,	

Environmental, human activity)	


Geology and environment influences	

the GW detectors, then GW detectors 	

can be used for geophysical 	

Applications (strainmeter, tiltmeter)	




General Conclusions 



General Conclusions 
-  « Environmental » Seismology: Hum,  

Glacial Earthquakes (time-reversal 
imaging), … 

-  Noise => Signal 

- Similarities time-reversal and cross-
correlation techniques: tomography   

-  MONITORING: Long-term temporal 
variations of physical parameters from 
Noise (anisotropy, temperature, glacial 
earthquake frequency …) 

Stutzmann et al., 2009 



General Conclusions 


