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Global network of permanent broadband seismic stations
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World-wild seismicity 2000-2010

Localized by land stations network

Magnitudes < 3.7 —

NEIC PDE
2000 - 2010
M<3.7
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Global and local seismic fomography

Traveltimes and
waveforms of recorded
seismograms are used to
reconstruct 3D wave
speed distribution in the
earth

Provides information on
TTITITIT the composition, thermall

0.00 . structure and origin of our
Veloci planet

Red for low velocities
(compare to an average

model) and blue for high
velocities

Under-sampled regions in
white

The poor data coverage
iIn southern hemisphere
imits the quality of
tomographic
reconstruction

«Es{Jlsyial cross-section Polarcross-section



1 - A bit of history

ording in Marine Areas by
nt Divers

Nov 5, 2003: Frederik Simons’
prototype Mermaid records

Mw=35.9 quake at 46°

Recorded on board a SOLO float: Mw 5.95 at 46°

5000l

Data bandpassed 2-20 s

Simons et al., JGR 114, B0O5307, 2009



ur
nic event June 24,

Fox Islands, distance 85°



From an article published in ELSEVIER September 1st 2006 —
Frederik J.Simons & al.

Automatic detection and rapid determination of
magnitude by wavelet multiscale analysis of
the primary arrival F.

et transform algorithm :
X(n)=x(n)—[x(n—1)+x(n+1)]/2; end[] f

gri(2); x(2:2:1x)/sqrt(2); x(Ix+1:end)];JIx=length

Automatlc discrimination of unde

A probabillistic approa
GRL 2011 — Alexey Sukhov



Sukhovich's algorithm
Integrated in Mermaid
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Hydrophone

Pressure sensor

Mermaid board developped by Osean



Pressure and
Temperature

IRIDIUM and GPS
Antenna

Sensors

ynoptics for Mermaid.

[ Hydrophone ]

| | |
TD Motorola Garmin
SEASCAN 9522 A GPS 15
APF9I

Float Control Board
[ Serial Link ]

Mermaid Board

[

Clock

Acquisition

Buffer 10 events

Serial Link

l

Detection
STA/LTA

Discrimination algorithm !




Qil tank

Dive = solenoid valve action

Transfer from ballast to tank

y Valve

Ascent— pump action

Transfer from tank to ballast




RMAID: detection of long distance
seismic event

D 7 idium Satellite Network ~ Satellite Land station” « &
¢

Acoustic
wave

trong seismic
avent
sismic wave —*%




Mermaid Deployments

=+ 2012 - Mediterranean — (3 +2) Floats 2013
= 1 Ocean — (3 +2) Floats

S e

e salapagos — 10 Floats

Wil
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How far can we go down In
magnitude?

‘)

Nr of observed P waves

Mw 26




X 10+7

Mw 8.3 Delta 80.5 SEA O

- OKHOTSK
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X 10+6

10

-10

Mw 7.7 Delta 46.6 SOUTHERN IRAN

2013-04-16.sac







X 10+7

3 Delta 86.1 KURIL ISLANDS

Mw 7
I

2013-04-19.sac




Mw 6.8 Delta 82.7 KURIL ISLANDS

50 100 150 200 .
Time(s)

2013-02-28.sac |




X 10+7

Mw 6.7 Delta 82.5 SEA OF OKHOTSK

B l 2013-05-24.sac













Visibility of P Waves

5.8 under good
bad

(~2) if



an we do at SEA what we now do on LAND?

RRAY through Northern America
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e first to want to cover the
Dceans....

Z  ARGENTINA([10) CHINA [42) 2 GABON(1) ® JAPAN [281) @ NETHERLANDS (25) @ SAUDI ARABIA (1)
3190 Argu Floats @ AISTRALIA(270) @ ECADOR(3) ® GERMANY (149) @ HENVA[4) ® NEWZEALAND (9) © SOUTHAFRICA (2)

® BRAZIL[16) ® EUROPEANUNION (14) @ GREEE (1) # SOUTH KDREA (90) NOFWAY [0) ® SPAIN(1)

# CANADA (134 & FINLAND(Z) # DNDIA(59) & MAIRITIUS ) @ POLAND (0) # UMITED KINGDOM [106) p;m-nmf Ps
July 2010 ® (CHILE(9) FRANCE [144) @ IRELAND(10] @ MEXICO[1) RUSSIAN FEDERATION (2] @  UNITED STATES [1780] svowee o s i s
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shapshot
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Float Positions: 02-Apr-2008




past S years: 257 events with
magnitude > 6.5



What one Pl can do with 14
floats (~ € 500,000)

200 30° 40° 50° 60° 700 80 90 100" 110" 120" 130
e

' 30"

‘;r-

~ 3600 delays
in 5 years

76

| | .| | | - E | | | |- | | .|
Figure courtesy Xavier Heris



MariScope: what 20 PI’s with
300 floats can do
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300 floats x 257 events = 77000 delays
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d Network coverage in the
DS after 18 months.

Visibility of P Waves

* Below Mw 5.8 under good
conditions

* Above Mw 6.5 in bad weather




Coverage of rays for seismic tomography after 9
rmaids operated for 18 months near the Galapagos
Islands.
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Coverage

1309 km

1€ ray coverage for seismic tomography
ree depths.

300 Mermaids 1000 Mermaids

Sukhovich et al., Nature Comm., 2015.



Large Autonomy Multimermaid, a

* Based on OBS sphere (177) multidisciplinary float
datteries (95 KW - ragyiting from an ERC Proof-of-
1 current floats
concept
and collaboration with local
industry Osean

SeaTrec _

Thermal Recharging Battery



2 x Battery packs of 36 DD cells for
a total amount of 5.5 Kw

Antenna Dual
GPS/Iridium

: . |
()
N |
:.“‘ \\ y
S
\ y \ /

Pressure probe
o

ack mounted Electronic <
boards Temperature Probe

tails of the constituent components of Mermaid







y CTD profile

IRIDIUM Satellite

¥ 7

At surface to transmit data to satellites

IRIDIUM Satellite Land Station

\ /' CTD measures during ascent
\ (up to 12 hours)

Drift N Float descends to begin profile
) | from greater depth (up to 3000 m)




1aid float can
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able Energy




echnology Innovation

Temperature Difference == Volume Change——=Pressure Difference

Battery Recharging
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hange Material (PCM)

and/contract as they
arm/cold waters at
oth, and create a

rential, which will

GENERATOR

CALTECH raulic motor to
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ttery.
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Sounds of artificial origin:
= Ship, sonars, submarine

= Deep soil Exploration, seismic
shots, explosions

Or of natural origin:
= Waves, rain

= hearthquakes, Volcanic
eruptions

= Tcebergs

» Marine mammals

but also noisy !

|
y

o T
& o E:-.'g- é’ .'lg'::!;:_

T et i §F i
LS ¥ |
Fitgmeant’® 4 -’f;;l‘“h?

i s,

..-\..:-" ot o e L v - _.
B g L W F . . it {2
s g g el fathh YTy s Einln Il:3_| Eﬂl.-lﬂﬂ
. . ™ E . L T
Apriee, Loy ST il- = F
o _.’...'r'_-'-'_i".;_.' eyl A T S W T Sl ™ --l_ e e
.E a a1 B e .-_-'-'...._.I s Ao 1ok T ER ' e T - "".- L "'.'_"-'.'_- - T
:':.:_':_ 4 _\_- FLA _.I Lt ] :__ r - i -I-" Mo T L St o 1T ey P ""i'.
L. r - fo = : = oot T AESEe Far -t - iy ] 3
e ol . Cg L [ w© e S T e L T A i Lo LR E T
B Ea g T CR R T R e R MU Ft L e
Iy .'\-l-_. g o A :-' =" :I I L e S i o T P e S e A
¥ . " o i = i ks 15 i e T o &
T ':"- .1"'-.' - ﬁ-'"'.':. :" .H':I = J-'_'-'-..I '_:'.:._: |'J.:.:."' o r":\."_-"'.:.__.:_I
g.._‘: " =i |._._._-~.I__I|..| o
I l: =] 'i W e e i Sl
EI.I"II'IE Pz, B i i 27l g, BRI T
. Eps .-'.."-'-'. i L e B A F S SR,
o -..'-- .' o ". =, "-:':I':" s 4 PR '.ﬁ T L AT
el e B Tl ol : A
' & 5o Bl g g 5 -
B e Lol T = > :.: -__:' 1 Ty
[ iy - e ) ol S et b o |
' - . - 1
T 8 - 2 5 E\"-._
i [1
- - L

:-*"“"ﬂ.:' 5"-"-:.
P e &{;

e
&
P -a»x;;;{m? i,

i s

i:::: A i Eh" oy
_.E-:"-'. _E%'":- W

'5 '::- b o :‘... - Pl
':‘:.\.\_-. ._.-:::::.a.-ﬁ ::?:E:-_E:- I . ._._::E:




for blue whales

| . .-..' Tl ! .|| II I.I'I' lf,".'. ! e .I,. WA | ' . Al
i 'I:"'I"I"TI"':'IQ.'. : y 1 ‘“:"ﬂn"u' e i i o WAL
"LW R i\ 'Li.,al“ 1|-',l1'~ T

f
H.‘:" i

0

2580 2640 2?00 Z?EU 2820 2880 2940 3000 3060 3120 3180 3240 3300 3360 3420 3480 3540 3600
Time (sec)




ing Mamals

a. Frequencies of cetacean moans and whistles

blue whale

fin whale
gray whale

Bryde's whale

right whales

pygmy right whale
minke whale

bowhead whale

Stereotypical sounds humpback whale

sei whale
true dolphins, including....

Low frequencies
Strong intensity

_pee—
-
O
B & Cephalorhynchinae
— . Globicephalinae
—-——— Delphininae

. I ! Steninae®
PQQUIGP IHTZPVG' —— beaked whales*
— e river dolphins

— .

narwhal, beluga

Frequency (Hz)

Distribution on long distances

(Hundreds of miles)



SCALE 6

0.7

0.6

0.5

0.4

0.3

0.2

0.1

inator applied

ata

D322 01 open water

D036 04 crack

0046 5 alien arctic sounds2
A360 02 drizzle

Drizzle

SCALE 2

0.35




hScope-Oceans

- P delays can be ob
- Robots are affordable

- A network of about 300/100C
the ‘'ocean gap’ for seismic to

. Efforts can be shared between t
China can lead EarthScope In Pac
Ocean.

- Financing can be divided over at lez
disciplines (meteorology, biology, Sc¢
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Thank you




MERMAID Most Advanced Float available

Large Autonomy

on OBS sphere (177)

KW
ent




Floats are intelligently

Floats have a
landing
Capabnnyto

distributed in a small
nfiguration,

LANDING CAPABILITY
FOR
AFTER SHOCK

MONITORING
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Mermaid, a multidisciplinary float
resulting from a fruitful
ooration between an experienced
arine development “Osean” and
Ific laboratory specialized In
eophysics

www.osean.fr




