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WHY OCEAN-BOTTOM SEISMOLOGY?

~10% of Earth’s lithosphere is oceanic, yet
historically poor sampling of the ocean basins

Depth: 80.0 km 0w cow 0 60E  120E 180
(4.38 km/s) / — = —

A Seismometers ,

(O Earthquakes f

Global models have only coarse lateral
resolution and limited ability to resolve
the oceanic lithosphere

Schaeffer & Lebedev (2013) GJI




WHY OCEAN-BOTTOM SEISMOLOGY?

SZ4D Intensive Study

Comparison
of Subduction Zones

MegaArray e
(densified in areas of key interest)

9 VolcArray (augmented by
rapid-response deployments)

SurfArray

Draft SZ4D Implementation Plan

Mine geological record for rheological,
chemical, and historical context

Image subsurface to directly
determine structures

Build computational models that

integrate field observations and
laboratory data

Build human capacity to perform
this multidisciplinary research using
the full diversity of people available

Transform this information into
meaningful results that can be
immediately utilized by
affected communities

500 600 700 800
Number of events providing all phases in 10 yr

250 300 350 400
Number of events providing all phases in 5 yr

80 100 120
Number of events providing all phases in 1.5 yr

A Current GSN stations
*  Earthquakes

Kohler et al., 2020
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What is the power/
amplitude of the time series
at a given frequency?

how “coherent” are two
signals? How much of y
can | predict, if | know x?

TIMESERIES AND SPECTRA
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Bell et al. ,2015



OBS NOISE BASICS

B[] Deepwater OBS
B Shallow TRM OBS
[ ] AK Peninsula

B Kodiak Island

-180 [ ] AK Peninsula
B Kodiak Island

101 10° 101 102

Barcheck et al., 2020

OBS data are relatively noisy, in part due to
compliance and tilt noise.

Compliance Noise = Coherent Pressure energy observed on Vertical channel

Tilt Noise = Coherent Horizontal energy observed on Vertical channel



OBS NOISE BASICS
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Frequency (Hz)

Infragravity waves induce compliance noise,
which has a frequency-depth dependence.

Compliance Noise = Coherent Pressure energy observed on Vertical channel



OBS NOISE BASICS
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Bottom currents cause tilt noise, which may
vary with water depth and instrument design.



OBS NOISE BASICS

Original

Corrected

0 1000 2000 3000 4000 5000 6000 7000
Time (s)

Tilt and compliance noise can be removed from
vertical components, improving data quality.



TILT AND COMPLIANCE WORKFLOW Helen A Janiszewski

—— _ _
al_sacZmat_data.m a3_sac2mat_event.

e
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DAILY SPECTRAL
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ATaCR Manual

Automated Tilt and Compliance Removal
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TRANSFER
FUNCTION
CALCULATION

TILT AND
COMPLIANCE
REMOVAL

Figure 1: Flowchart for using the ATaCR Package.



15 YEARS
18 EXPERIMENTS .. -

551 OBS e

00

Geophysical Journal International

Geophys. J. Int. (2023) 233, 297-315 https://doi.org/10.1093/gji/ggac450
Advance Access publication 2022 November 25
GJI Seismology

Broad-band ocean bottom seismometer noise properties

Helen A. Janiszewski “,! Z. Eilon,? J.B. Russell “,*> B. Brunsvik,? J.B. Gaherty,*
S.G. Mosher,” W.B. Hawley® and S. Coats!



15 YEARS

18 EXPERIMENTS

551 OBS
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SEISMOMETER AND WATER DEPTH

1'|—alyer Hierarbhy % Z % HT ,I—;2 % Z-corrected
S 30 f — |
S Seismometer and water depth offer the next two
O sets of most similar groupings.
9 20 e -
> i + Less direct covariance with other parameters
;c_!; ol * % | yields more interpretable results.

Metadata Parameter



COHERENCES, WATER DEPTH,

COMPLIANCE
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COMPLIANCE CORRECTIONS APPLIED TO AMBIENT NOISE
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Example from the Young ORCA experiment

Vertical component

— Fundamental mode Rayl. (5-25 s)
— Short periods = water column
— Longer periods = solid earth

- 1st overtone Rayl. (3-7)
— Solid earth!

Pressure component

— Fundamental mode Rayl. (5-25 s)
— Short periods = water column
— Longer periods = solid earth

Fundamental mode Rayleigh waves
coherent on both Pressure and Vertical

Russell et al. (in prep)
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COMPLIANCE CORRECTIONS APPLIED TO AMBIENT NOISE
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THE POWER OF OVERTONE RAYLEIGH WAVES:
CHARACTERIZING THE OCEANIC LITHOSPHERE

In-situ characterization of oceanic
lithosphere petrofabrics

Direct comparisons with
laboratory deformed olivine
samples indicate D-type LPO

Near-ridge deformation dominated

by dislocation-assisted grain
boundary sliding processes
implying grain-size dependent
deformation
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TILT CORRECTIONS APPLIED TO AMBIENT NOISE

ENAM Experiment

At the ENAM experiment, removing tilt noise prior to X06: Day 47
ambient-noise correlations improved SNR of primary
microseism by a factor of ~2 on average and up to a -100 Primary

factor of ~10 in some cases Microseism!
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Russell & Gaherty (2021)



TILT CORRECTIONS APPLIED TO AMBIENT NOISE

ENAM Experiment
: : : : : -80
At th.e ENAM experlmelj\t, removing tilt noise prior to X06: Day 47
ambient-noise correlations improved SNR of primary
microseism by a factor of ~2 on average and up to a -100 Primary

Microseism!

factor of ~10 in some cases

O
-120
SNR Improvement after Tilt Correction c%
50 Median: 2.15 A |
5§ " 16-38 ‘© -140
:_ : 16958 ..E Noise
07 : : 'eb) Removal
(2 i Q. _
s 40t I o 160
c |
© |
22 il 180
= G
‘5 20 |
N 7 200
L h | 3 5 7 10 20 30 50 70 100
0 i [ Periods (s)

0 2 4 6 8 10 12
SNR (Z-1-2) / SNR (2) Russell & Gaherty (2021)



DENOISED OBS RECORDS IMPROVE IMAGING CAPABILITIES

w E Constraints on timing and mantle dynamics during
breakup of Pangea ~170 Ma

Plate-motion modified corner-flow during ultra-slow

|”°2 spreading
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IMPORTANCE OF ACCURATE OBS AMPLITUDES:
SEISMIC ATTENUATION

Russell et al. (in prep)

Poster Monday Afternoon: DI13B-0032
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LOCAL SITE AMPLIFICATION

Strong site amplification observed at
the Juan de Fuca ridge.

/ero-crossings in Vs sensitivity imply
better sensitivity to discontinuities
compared to phase velocity

Complimentary sensitivity to shallow
Vp/Vs and density

— Organization of melt?

— Shallow cracks?

— Hydrothermal circulation?

50.0 N

475 N

450 N

50.0° N

475 N

45.0° N

130.0° W127.5  Wi125.0° W

11

130.0° W127.5°  Wi125.0° W

1.1

1.05 &

o
O
O
Local Amplification, 3

0.9

Local Amplification, 3

Russell & Dalton (2022)

100 |

150 |

200

250

50 |

100

150

200

250

0
50 |

Phase Velocity Amplification

(a)

(d)

Phase velocity

60s ||

Amplification
60 sec 60 sec

Vp
Phase velocity Amplification
30 sec 30 sec

Lin et al. (2012)




OTHER OBSrange OrientPy

OBS Locating OBS on seafloor Determining OBS orientations

Station YH.LOBS3: ¢ = 123.0 + 4.0
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OBSclockdrift NoiseCut
Estimating and correcting clock drift Denoising using Music Information Retrieval Algorithms
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TAKEAWAYS

In the last decade, development of community-driven tools have improved the
accessibility to OBS data, leading to wider usage and new discoveries
— transformative for the community

Tilt and compliance corrections in particular are useful (and often necessary) for
many OBS applications

— Teleseismic surface-wave imaging

— Ambient noise imaging

- Teleseismic body-wave travel-time tomography

— Receiver function imaging



GITHUBLINKS

ATaCR: https://qithub.com/helenjanisz/ATaCR

ATaCR for Ambient Noise: https://qithub.com/jbrussell/ATaCR/tree/correct noise

OBSrange (locating OBS on seafloor): https://qgithub.com/jbrussell/OBSrange

OBStools: https://github.com/nfsi-canada/OBStoals

OrientPy (determine OBS orientations): https://qgithub.com/nfsi-canada/OrientPy
OBSclockdrift: https://github.com/jbrussell/OBSclockdrift

NoiseCut: https://github.com/ZahraZali/NoiseCut
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COMMONLY USED FREQUENCY BANDS
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| et's add a few more deployments.. ..
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Without Corrections:
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COMPLIANCE CORRECTIONS APPLIED TO AMBIENT NOISE
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COMPLIANCE CORRECTIONS APPLIED TO AMBIENT NOISE

Z

Z corrected
) Young ORCA ) ENAM

0.4 km/s 1.5km/s Filtered 5-10 s 04km/s 1.5 km/s Filtered 5-10 s

J d v v i ‘ e" l\"."l"!v"-“ Ve
e | ALY -w»mu"n
'w" \ | l/ \ g ¢ T

\ -ooo‘—vssvkoo“o\"-\vb \‘"’

—
—_—
—
—

50

|
;%g
.i

-’ ~ 50 =
A \ aanS A [ J A‘A W
X /' vV ." A7

. e : ’ 7. (A h ( ) N ‘ ; A
1} A mivinih Al Ji% )
— AN o AN A o A 41| 1 MY AR \ 2y ¥ ARy
2 — 0 “ lll ,,., ~ ‘ N - af ‘m. ERINASRA RO Ao ™
} v PO\ —= Z 7 A N . YA \ Y
{ “ll‘l‘ A » = ‘ ~ . 3 ) & ._J' e \" i \ \ APROXY ? .._‘ ‘ Wi yl ’W\"lai":'
' 'q . . ( 4 AT AN ! -' { 1 ‘z y Y ,I" ..‘ 2 0 “we 5 R

8- v -‘ " i\
AP I INY h"‘ !.I.A ."\. Al o
¥\

100 s Py AAAN Mw‘ \/

- o . Al Al Vo
SRANNASTSA O I LB w

A’I’M‘v'ﬁ—sw TN BT s AN TN ,g' .-\\‘ .':a;. |""‘ .
o\ /

Removing tilt and M::;,:,‘:-;;»«W
compliance at 5-10 s yields 150 P
enhanced first overtone

signal in some deployments,
but not others. Why?

W

1
'h ) . i
Vot

100

N T S S TN
P RO AR CTDIPANI
8O D Pz

l; ) '.\\ 0 .n-A\ AVAVAY s 4\_’;!-«4\ NSO

N N —— Yy S Ay ;
A :./ ‘?‘_‘"’\’"OW‘{Q':?Q‘W

il

"~f~9'ii5'f£:"

Ayl

“ : ‘m P"V
AVa)

Vi o«"m

IR ‘ \/
SYAY.
,,A

) \.‘,-‘.‘«,.:. A A s e
,f(‘.\{ '{.\”‘V'V*mvo_m 1 50

v av S

OO
l— \9;-2 Yo l'“' \'I"l "

N
o
o

PRCOLDAA AN e n.a- N

.I ’ 5 / ! ,
umt'umm -4 CORADRAOAAT ,w. A o, 7 w
""‘",0 NN ‘ ~ ' | A “\)‘ "‘ o
\ouw : ‘ g i vN't

/ M .". f\ I d ,,. A v"- [ /f V/ "7 \\ l,l“t\‘/\‘ fir
\ TN NN / \ Al ' A \'t ."
200 [ \‘t ) 7 () \ * -’ v." :m “‘ 2 !‘ "l‘ .I ' I’ 0 (l /“'ﬁ"\

| AT B

VAT M wmm‘ VO T err b ey A AT AT e .1‘
M' "\LAVA:'AQA A\)‘.‘A A-A L"‘ ,i ARAY ."\V .’v"/l'l(“h:/‘§~‘ﬁ'45'!l /’l'/i.’ "' 0".’“'\' :4\’“;’

‘
;‘.Ar.vh,\\t.’)\/\O\ ) A
\ '\~<\

.»\!'«‘\.. %\\

N
a1
o

Distance (km)

2
0
‘
‘
‘

’vu\\'

.:tw-.,‘-‘.;.‘. \
-a-;:::::‘;‘,;;’“” ) M \,.N ‘,, v,‘ "v . i "..}'o n‘ w "W« WARA A}yam
i VVARADAY / w ", YL ‘. X Al W : N... 0
. m WA ‘ 250 ' W ;\ ‘}v‘ w %v‘\i\“.»‘\\v\ \: ,h w..',‘ s. , , ,, v,v\:"J,;}ﬁ A\'v‘y",:;{ 'fv _'vri'w‘\'a,}vj
. ‘ !i‘ .ﬁ \"3’ / \' ‘&"' ; M y Y RA ‘\:‘V ‘? & “ Ve N
Best guesses: Different 300 o A

ih
{ \v»' r-vv.v\\"\«\.s N
ne NN

/

\.. . " "\“ I‘Ol\ \"
i \ .\,’41 ’”‘"'m’\“ i ) é"o \.'u"g o\ ‘}13. ‘ . Q u ,‘\W\"““' l' 'a «),,
oA . m“:O\“\"O\’i"l‘hN .k "‘ ' ALk -' 'ﬁzlo,‘é M \n\ A‘ v.

. 'l' ' 4- NN Y ’ " W o
. . , \\w ; w l v AR 0\'
AR NN s \WQ
. R “"\-1‘; :ﬂw A0 M“ ‘.‘ \ ‘ d.:
AR XY A /'; " AW i SAAA ).V\.,n. / A \ A
Wi, — M g‘\\ r.v..‘,\.a ....z:,r,‘:ﬁ":‘,:_.'a

noise environment in
Atlantic v. Pacific and/or ol
thickly sedimented margin. 400 b ’,

N A\ WAL \ £}
n

350

AM i;"’ X .'

'y . A
il ,V,,.\.,v.fmun.,.‘ RN o w\ '

Vs

Y §

\,\\/
/
Y
y
I, A A

e
A

\
'O'u, V,‘\ "

o \

o - —

-.,,J;', A i .
,“‘m,‘ ‘" Av'v;“,-‘.‘ .'\" Wmﬂh\

A \.v;p KRN '/.q.. A
[ RASAMY A1 A VO YA n-
afl A ' .V \.,'n\\ ~' ; "’! , \. ' \If"'r\ N 7;4/4'\"}\ g\‘tu’\ /\',

ah’ AORSAPSAANNANAAOBANAOA N ANALANY A .

vV VY

350

V\M\V~VW A—v r\r‘ \' T VJ ‘ “
{ A A A A D AR A A
OSABRNLLRIANEN '/’i"“" Y/ \ \ RS ‘-‘a‘\":“#‘?}.x‘:}sk“r;v_'.'f NREESS AALANASS, AR v AVAY ‘.//\( A 0 LD AREOARNSBR
T FREAG ! > V) )
450 | W% LA..A,‘ N | | | | |

-200 -100 0 100 200 -200 -100 0 100 200
Lag Time (s) Lag Time (s)



