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Basic notions and Formalism



- Wavelet and relative geomagnetic paleointensity

Y. Guyodo & J. Channell (U. of Florida); EPSL, 184, 109-123, 2000.

Reconstruction of relative geomagnetic paleointensity

paleointensity




.~ Reconstruction of relative geomagnetic paleointensity

i
P(z) = 1 ( I(t), mineralogy, sedimentation rate, ...)
Direct measurements Sediments: Indirect measurements
Natural archives
- paleointensity Proxy < Environmental conditions
Climate

Insolation

Geodynamo Earth orbital parameters

Relative geomagnetic paleointensity



. Reconstruction of relative geomagnetic paleointensity

Jr
P(z) = 1 ( I(t), mineralogy, sedimentation rate, ...)

Direct measurements Sediments: Indirect measurements

Natural archives
R paleointensity Proxy < Environmental conditions
Climate
Insolation
Geodynamo Earth orbital parameters

Calibration in time (6!%0) - Normalization

Relative geomagnetic paleointensity



~ Reconstruction of relative geomagnetic paleointensity

Orbital forcing of the geomagnetic field

< “Environmental conditions
Climate

Insolation
Earth orbital parameters

paleointensity

~r -

Channell et al., 1998



- Orbital forcing of the geomagnetic field ?
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- ODP Site 983

Arctic - N Atlantic border
Ocean - atmosphere exchanges
Climatic variability
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- Spectral analysis

1) Power spectrum
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. Normalisation reliability
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3) Wavelet analysis
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~ Estimation of lithological effect

4) Cross Wavelet spectrum

Local correlation
NRM/IRM - IRM
Proxy - normalizer

Incomplete normalization
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Results and conclusion

Time-frequency representation

define intervals where orbital frequencies are present
investigate the stability of the covariance function (proxy - normalizer)
detect a secondary lithologic overprint ¢mm incomplete normalization

Orbital forcing ?

other records
good quality

various climatic context

Relative geomagnetic paleointensity
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~ Wavelets and seismological observatory

ReNaSS (French seismic survey) 12 seismic events / day
7 days / week
1 seismic alarm / week

Automation

24h / day
7 days / week

: B

Seismic alarm

Automatic seismic phase picking



- Requirements

Detect arrival time of seismic phases
Reject noise

Distinguish local from teleseismic events
Give accurate and reliable picks

Expected accuracy

Local event (Pg, Pn) <0.5s
Local event (Sg) <1.0s
Teleseismic event <1.0s

Automatic seismic phase picking



- STA/LTA Algorithm
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~ Physics

Local Teleseismic distance

High freq. \
Int. freq. 3 noise
Low freq. /
%)
5
g
Allen, 1978

Zhao & Takano, 1999

Automatic seismic phase picking




~ Developed algorithm

, For each Allen, 1978
freauency band Zhoo & Takano, 1999

v

Caracteristic function
(Wavelet transform modulus)

! STA/LTA
STAILTA rattio Algo
v

Comparison STA/LTA rafio - THR

No Yes

Report

Improvements
Elimination of spikes
S picking

Automatic seismic phase picking



~ Detailed algorithm

Various initialiwationa

State = 0;
I
Pre-processing of the seismogram Valeur de Etat

Filtering (medign filter) 0: initialisation

1: High freauency

——— | State ++; Phase = P; 2: Intermediate
3: Low frequency
4. Stop
Initialisation
si (State==1) { resolution s = 0.33 s;
THR = THR_loc = 3.5;}
si (State == 2) { resolution s = 1.00 s;
THR = THR_tele = 3.75;}
si (State == 3) { resolution s = 1.65s;
THR = THR_fele = 3.75;}
si (State== 4) END
i
Characteristic function
(modulus of the WT gt the resolution s) Edition
1 report
STA/LTA ratio computation 4 4
Spike Test
YES Spike? YES
NO
NO v
Comparison STA/LTA - THR ‘—‘
Recherche
d'une phase S
THR = THR_S;
Phase = §;

Automatic seismic phase picking



~ Parameters

Original data

Duration (s) 180.0
N data points 16384
Sampling rate (Hz) 91.02
Analysis Start (s) End (s)
Local 5.0 20.0
Teleseismic 150.0 150.0

Window (s)
STA 0.055
LTA 5.5
Resolution (s)
High freauency 0.33
Intermediate 1
Low frequency 1.65
Threshold THR
P local: THR loc 3.5
S local: THR S 2.8
P teleseismic: THR telé 3.75

Automatic seismic phase picking




- Spikes elimination

N>4
THR_spike = max ( max(STA/LTA/25), 1.75)

Radio spike [25/01/1999, 22h47, SPAK]
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S phase picking

Colmar [16/03/1999; 16h20; MI=2.4]
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Teleseismic event

Loyauty island [02/04/1999; 20h16; Mb=4.7]
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Statistics

All seismic events [01/09/1998 - 31/12/1999]

P local (auto-manual)

IN=3931

S local (auto-manual)

- f N=513
X 1+058s: | 63.72% | 5, |+ 1.0s: i
30 - 73.48%
10 - n
0 | ‘ H’L

4 -2 0
delta_t (s)

Results:

Succes rate: 70%

Gendron et al., BSSA, 06/2000

202 6 10
delta_t (s)
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 Results

Increase performance
React 24h/day, 7days/week

Wavelets

Characterize a transitory signal
Good resolution in time and frequency at all scales
Rapid

Algorithm

Competitive in time

Distinction local / teleseismic event
Reject uncertain picks

Suppress spike and noise effect

Picking of S phase
Run seismic alarm

Automatic seismic phase picking



