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. Introduction: Motivations

»|_ocal wavefield features: arrays or 6C-4C?

> | ogistics
® Urban areas
. Limited ® ocean bottom  too few
®* mines |
AaCCess * other planets instruments
* boreholes
» Information
* 6C: * 4C:
- complete mode selectivity - SH separation from P, SV
(Rayleigh, Love, P, SH, SV) - BAZ and phase velocity

- all of wave parameters
(3D direction + Vp, Vs)



. Introduction

D: array aperture

A>D

4C-6C=——3C+ADR=— F-K—>D

A<D



Introduction

AIM:
Wave Parameters

ADR  Ar
+ ri‘/ FK
3C

Same analysis
Different processing




~ | Physsical Principles
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| Techniques: ADR
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. Techniques: Zero Lag Correlation

» Subdivision in time-slices
» Grid-search for 6 € [0, 2m)

92! |
arelw 92
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‘ $ 61 true BAZ maximizes
C ZLCC
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| Techniques: F-K

> Horizontal array, plane wave, select reference frame

> Area homogeneity: no scattering
—  Delay and sum: 7, = s - r,; (S: slowness)

» s unknown

beam > grid search
\/\/V\W > maximise beam

power

d: spatial sampling

> Nyquist: 2d < A
> Resolution: A < D

»> 9




. Observations: 4C analysis
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. Experimental Setup:

Site of the Seismic Stations
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. Observations: Earthquake Data Analysis

List of analysed events

> Albania 6.2 > Creta 6.0
> Albania 5.4
> Bosnia and Herzegovina 5.4 > Mugello 4.5

As recent as early December

Approximation: measure @ surface
(Reasonable: depth < A)
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. Observations: Earthquake Data Analysis

Obspy taup package: picking of P, S first arrivals

P,S

15 - \
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~ | Northern coast of Albania, Mw 6.2

I'me in seconds relative to 2019 11 -é6102:54:11
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~ | Northern coast of Albania, Mw 6.2

Transverse Acceleration and Rotztion Rate
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~ | Northern coast of Albania, Mw 6.2
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[ gal— f
e L =123<mls

" C =150 an's

PN

NN

TR AR IILS,

R A A A A A A e TR
- =1 280 /s

s AL LAAL A LAY YT A - - AAAA by

LA A A S A A A Al A el A4 A A A L W

=098 «mlsg

C =125kmis

C 141 <mls

[)

= 1.9 km/s

77 «xm/s

[
i
-

[ )

= 1.37 <m/s

)
I
-

34 <mls

)
[l
-

17 <mls

272 «m/s

)
|l
-

[

=Jd.al xmis

C=128«<mls
aabian b anla.ona C = 3 m's
2*C*Q), [m/s?]
ar [m/s?]
P S !
300 400 500 600 700 800 900

Relative Time Isl

1000
16




| Northern coast of Albania, ML 5.4

Time in secords relative to 20139-11-26T7006:08:22.85 . .
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| Northern coast of Albania, ML 5.4

Transverse Acceleration and Rotation Rate

le-4 le-8
Band: [0.02, 2.50 ]

—
7
A

-y
(=]

» [0.02, 0.25] Hz

o
(5

A AR S Th e — -I OOO

» Ext. 8 =76°+ 16° -

I
o
wn

Acceleration [m/s’]
o
o
o
Rotation Rate [rad/s]

I
—
o

@
ﬂ

|
—
wn

0.0 0.2 0.4 0.6 0.8 1.0
le3

el Band: [0.02 ,0.25 ] HZ 0.945

200
— +—
<. 150 o
= 2
£ 100 S
5 s L 0T N BN 00 BN 00 DR e S 0.00¢ S
< -
g D
B _ S

C -== Theoretical BAZ
50 Average BAZ
- Picked Maxima
-0.945

0.0 0.2 0.4 0.6 0.8 1.0
relative Time [s] le3 18



| Northern coast of Albania, ML 5.4
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. Bosnia and Herzegovina, mb 5.4

Time in seconcs relative to 201€-11-20T09:19:25.935

Epicentral Dist. 369 km
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. Bosnia and Herzegovina, mb 5.4

Transverse Acceleration and Rotaticn Rate
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. Bosnia and Herzegovina, mb 5.4

Event no. 3 Rotation Rate end Transverse Acceleration in Half-Octave bands
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. Crete,
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. Crete, Mwp 6.0

Transverse Acceleration end Rotation Rate
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. Crete, Mwp 6.0

Event no. 4 Rotation Rate and Transverse Acceleration in Half-Octave bands
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~ | Mugello, M 4.5

Transvearse Acceleration eénd Rotation Rate
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| Mugello,

Evenl no. 5

M 4.5

Rotation Rate énd Transverse Acceleration in Half-Octave bands
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. Discussion

True BAZ [°]

Local Ext. BAZ [°]

Albania 6.2
Albania 5.4
Bosnia and Herz. 5.4
Crete 6
Mugello 4.5

101

100
/6

129

314

» Sistematic underestimate —

(7 +23
‘ /6 + 23
‘ 74 +10
| 100 + 21
‘ 280 + 24

» Lateral velocity variation
» Effect of topography
and setting

» Dispersion curves —— > _ocal structure

Greater and ‘isotropic’ sample of events is necessary



. Observations: Array methods
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. Experimental Setup: XG Array

Site of the Seismic Stations
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Observations: Microseism Data Analysis

IV.GIGS..HHE 2018-12-31 -- 2019-01-19 (911/911 segments)
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. Observations: Microseism Data Analysis

»F-K
Feasibility
Test trough simulations (not showed in this presentation)

»ADR + 3C
Feasibility
Test trough simulations
Data Analysis

32



AKy [1/km]

F-K Analysis

XG Array Transfer Function

»f=1Hz
»Vx = 3 Km/s
» Akx = 4 k'
5 Avk = 6 kKm/s

» Low resolution!

also:
»2d = 120 m
D =122 m
» 15 -10s periods
bv<120 m/s!

AKy [1/km]

0.0

Relative Power [dB]
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. Observations: Microseism Data Analysis

»ADR + 3C
Feasibility
Test trough simulations
Microseism Data Analysis
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| Feasibility: ADR - Simulation for XG Network
W =1km/s,f=1Hz »D=120m =—P» D < 0.25km=MN4

Simulated Transverse Acceleration and ADR
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| Feasibility: ADR - Simulation

Rotation Rate and Transverse Acceleration in % Octave Bands @ BAZ =37 °
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. Observations: Microseism Data Analysis

>»Why microseism?

- Understand generative mechanism: where do SH waves
come from?

- Ambient noise tomography: source isotropy assumption, so
BAZ Is essential
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. Observations: Microseism Data Analysis

»Response correction  »[1, 10] s »ADR  »vel. » acc.

Time in seconds relative tz 2019-01-09T15:59:59 84
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. Observations: Microseism Data Analysis
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. Observations: Microseism Data Analysis

~0S
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Observations: Microseism Data Analysis
BAZ Dependant 0-lag correlation (1s-10s Band)

- scattered values
- low correlation
- time variation

Time -slice:
00 s
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Isolate period peaks
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. Observations: Microseism Data Analysis

BAZ Estimate vs Time
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. Observations: Microseism Data Analysis

hreshold —> t-average —> smoothing —> Z(6)

Time Average of CC Values Above Threshold
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. Observations: Microseism Data Analysis

Rotation Rate and Transverse Acceleration in Half-Octave bands © BAZ = 129 °°
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. Observations: Microseism Data Analysis
Modeling P body-wave sources:

Sea waves: same f, Potential:
opposing k reflections in water
transmission

pressure field w/o attenuation
CRUST1.0
Fp: pressure spectral density
from sea state (x, v, f, t) site effects Cp

(density, velocities, depth)
FREMER database

'Y

Pe '::E) ]2

Pw

P(.’I?, fZ) — E)(*1:1 f2) X [2|CP('Tsf2)I
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Observations: Microseism Data Analysis

P Wave Source @ Seismic Period 3.50 s Thu Jan 10 12:00:00 2019

)
QA
=
QN
Q]
Q.
S
@
)
O
|-
D)
@)
@?
AR

¢ [Ime and azimuthal average
eSMoothing




. Observations: Microseism Data Analysis

P Source [Pa’? m? s]

Estimated BAZ vs. P-Source Azimuth - Seismic Period 3.50 s
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. Conclusions

> Unable to deploy array for F-K (D > 1 km required):
* 4C = 3C + ADR: suitable alternative

> Source identification:
® seasonal variation: ~ year-long acquisition required

»P and Love waves sources:
* L onger acquisition
e | ove waves sources should be modelled too

»Broader prospect - 6C:
* Complete mode selectivity —> Ground roll suppression
e 3D direction —> directional filter
* Arrays” 48



