Planetary seismology: inspirations
from recent Earth studies

Barbara Romanowicz
Berkeley Seismological Laboratory




Travel-Time Curves for a Surface Source
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Eolvia 080994 Mw=R8 2 h=B47km  station: EKS time window: 10.0-80.0 hrs
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WAWVE VELOCITY (KILOMETERS PER SECOND)
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Solidity of the inner core

Mean No. of

Mode period obser-

(s) vations
Se  613.57 11
aag  398.54 40
18,  305.84 7
4aSg 243.59 12
28, 904,23 21
sz 397.36 11
eS; 34841 21
oy 281.37 11
goy 272,10 11

Nine modes—r.m.s.

8.€.I01.

(s)

0.236
0.084
0.129
0.067
0.487
0.157
0.046
0.113
(.144

- Vs-ic=3.517 km/s

Dziewonski and Gilbert, Nature 1971
Also Dziewonski, Science, 1971- radial
modes

Comp.
period

614.59
397.59
306.00
243.80
904.43
397.03
348.23
281.39
271.7%

UTDI124B—S5olid

Inner core

Rel.
error

(70)

0.17
—0.24
0.05
0.09
0.02
—0.09
—0.05
0.08
-~ 0.11

UTDI124B’—Liquid

INNEr core
Rel.
Comp. error
period (%)
607.39 —1.02
392.31 -—1.59
301.36 —1.48
241.11 —=1.03
014.94 1.17
399 93 0.67
347.10 —0.38
282,77 0.50
271.00 —0.40

Inner core

CNeTgyY
Compr. Shear
0.181 0.000
0.206 0.001
0.233  0.003
0.192  0.007
0.001 0.080
0.015 0.102
0.068 0.011
0.004 0,022
0.115 0.052
5.08M
Rel.
Comp. error
period (%4)
610.06 —0.57
391.42 —1.81
301.84 —1.31
241.55 —0.84
017.80 1.50
3198.20 0.21
347.38 —0.30
283.34 0.70
270,92 —0.43



Waveform Tomography
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- Different methods to compute synthetics including highly

accurate 3D numerical ones
- Fast computers: many simulations




Without any quake-like events

» Single broadband station:
— Single component (Z):
« Seismic Noise PSD Spectrum

* Hum from stacking of noise spectra-> free
oscillation frequencies -> internal structure

— Three components?
e Two broadband stations:
— Single component (Z):
 Noise correlation methodology

* Array (3 or more stations):
* Noise source location




Seismic Noise Power Density Spectrum

Newtonian attraction Seismic paéshancl Microseisms |
Air mass fluctuation ; Oceanic

disturbances

—_
(-

7
£
o
X
0
N
0o

©
.

Rayleigh waves
P

. L
10

After Nishida et al., GRL, 2002




Quiet (2004.236) Stormy (2005.027)

10 100 1000

N
L
—
NJ'-'N
]
w1
—
€
et
O
ie)
H
o
a
I
a.

PSDi(1 O*Iog(m/sz)z/Hz)
|
TN
o O

10 100 1000 10 100 1000
Period (sec) Period (sec)

MOBB
FARB
SAO
YBH




Observed noise spectra stacks
437 days without earthquakes
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CAN (GEOSCOPE)
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With two stations...




cross-corrleation 1-2
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Continuous wavefield monitoring
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Parkfield
1997
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Single 3 component versus 2 Z
stations?

e Two Z stations !l

— Noise spectra

— Hum
— Noise correlations
— Robustness/redundancy




More than two stations
(regional array)
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Jan 2, 2000
Mw 5.8
A = 36.31°
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Time (s}

Straight stack

3rd root stack

Phase Weighted
Stack

1000 2000 3000 4000 5000 6000
Time (s}




Stack Amplitude as a function of time and azimuth, FNET

01/02/2000
Mw 5.7
A=74.17°
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“Quiet day™:
01/31/2000
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F-NET: search for maximum stack amplitude

Day 2000.031 time interval: 54,500-55,500 sec
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PREM model

Rhie and Romanowicz, Nature, 2004




Jan. 2000: 6-hour moving averages - stacks at FNET and BDSN

FMET and BEDSMN : Canfar pariod = 100.000 =




. 2000: 6-hour moving averages - stacks at FNET and BDSN

FMET and BEDSMN : Canfar pariod = 100.000 =

Seismically quiet period

N. Pacific storms

Rhie and Romanowicz, G-cubed, 2006




Days 2000/030.5 to 2000.034 3h running average
with 30mn shift

F-net at 150 s (107'° m/s)
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Grid search for source locations, maximizing stack amplitudes

at F-NET, BDSN and 10 stations in Europe
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With at least one large enough
"quake” recorded

Single station

Two stations

Regional array (N > 3)
Global network (N > 3)
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Eolvia 080994 Mw=R8 2 h=B47km  station: EKS time window: 10.0-80.0 hrs
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Waveform modelling techniques
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o Comparison of 1D normal mode synthetics Z
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Synthetic seismograms on Europa as a function of ice shell thickness

Mw =5.0 normal fault distance 20 deg —depth = 300m
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Panning et al., 2006




Displacement (m)

High versus low attenuation
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Wavenumber (1/kmj)
0.2 0.3

00 05 10 15 20
Percent Frequency Difference

00 0510 15 20 25
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PN, . - Panning et al., 2006




ice shell model
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Several stations: lateral
heterogeneity




Degree 2" structure
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Dziewonski et al., submitted




Full Waveform Tomography

Long period (30s-400s) 3- component seismic waveforms

= Subdivided into wavepackets and compared in time
domain to synthetics (mode asymptotics-> SEM).

" u(x,t) =6(m) > du=Adm
="A= du/Om contains Fréchet derivatives of G
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Global Seismology Group
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N=3
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