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Marine Geophysicists - Who are we ?

Seismology,
electromagnetic, gravity,
bathymetry, seafloor
geodesy, etc.
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Today’s focus

Science opportunities with Langseth long streamer/OBS & FWI

~_ For 2D seismic:
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Seismic Investigation of the Hikurangi margin, NZ
Science opportunities with Langseth long streamer/OBS & FWI

http://info.geonet.org.nz/

- Stuck Plate Interface

¥ Slow-slip Zone

250 m resolution bathymetry data
courtesy of NIWA

Slow-slip events following the
Nov 14th, 2016 Kaikoura Earthquake -




Seismic Investigation of the Hikurangi margin, NZ
Science opportunities with Langseth long: streamer/OBS & FWI
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Seismic Investigation of the Hikurangi margin, NZ
Typical OBS tomography

250 m resolution bathymetry data

& h‘-* courtesy of NIWA
- e A

Sparse
Instrumentation

lll-constrained problem
relying heavily on

Regularization .
Velocity

Resolution is well
below the typical

definition of geological
features observed at
convergent margins

6

PROs:
Gives physical properties of the
Earth (Velocity, attenuation, Vp/Vs)

Velocity gradient



Seismic Investigation of the Hikurangi margin, NZ
Alternative - MCS processing
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Can we do better by unifying &
the best of both worlds ?

YES
Full Waveform Inversion of long- §
offset streamer (+OBSSs) =

velocity gradient




Seismic Investigation of the Hikurangi margin, NZ
Advanced streamer processing

250 m resolution bathymetry data

b‘,ﬁg courtesy of NIWA
’“ﬂ.

Elastic Full \

Waveform Inversion

. Model Mg,
This is not an Image !

Here you are looking at a data-driven high-

resolution physical model of the Earth. Velocity
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Elastic FWI infers the elastic parameters of the :
Earth (i.e. shear and bulk modulus, density). \ _ Velocity gradient



Depth (km)
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What Is the recipe ?

(1) Synthetic Ocean Bottom Experiment (SOBE)
(2) Streamer SOBE ray-based tomography
(3) Elastic FWI




"‘Demystifying The Adjoint-State Method”

Full Waveform Data Fitting

Smoothed Velocity Model

Otfsat (km)

(3) Iterative
“Adjoint State Method”

From: Shlumberger

(1) SOBE

(2) SOBE tomography
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Synthetic Ocean Bottom Experiment (SOBE)

“Mimicking a seafloor tomography experiment from surface data”

Shot # 2400 band pass filtered 3 - 15 Shot # 2800 band pass filtered 3 - 15
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Crucialbinfaormation: contained in the refracted wave.

The current M. Langseth, 2D, 15-km-long streamer is a “state-of-the-art” data acquisition tool.
Future data acquisition and processing will undoubtedly have a dramatic scientific impact !
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Synthetic Ocean Bottom Experiment (SOBE)

“Mimicking a seafloor tomography experiment from surface data”

Sea surface deployment Half SOBE deployment Full. SOBE deployment

Shot # 2400 Shot # 2400
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Source & Receivers on the Source on the seasurface & Source & Receivers on the
sea surface Receivers on the seafloor seafloor
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Creating a “not so smooth’” starting model for FWI

Inversion NZ38:

__ 465 shots (every
5th)

__15 iterations

Model:
_4481*321 pts

~1.4 M grid points
_25m reqgular grid

Starting model was a

smooth version of the
PSDM model

Time-(x/4) (s)

SOBE ray-based tomography

JdeF Axial Volcano: NZ38 25m_1 0
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Time step 00050

FWI Method
“Demystifying The Adjoint-
State Method”

Depth (km)

45 50
Distance (km)

1st stage:
“Calculating the adjoint wave
field”
&

Source-side illumination % g
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Time step 00050

0
FWI Method
“Demystifying The Adjoint- §-i
State Method” .
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FWI Method

“Gradient summation between iterations 50 & 51”

FWI is based on the summation of constructive energy

Shot 1070 Shots 1070 - 1070
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_ 2321 SOBE shots (spacing: 37.5 m) run in parallel.
125 m reqgular grid __0to 5 s datawindow

_3-20 Hz inversion (pick frequency: 12 Hz)
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FWI Method

FWI Is based on the summation of constructive energy

1 shot every 200m

Shot 1070 Shots 1070 - 1070
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FWI Method

FWI is based on the summation of constructive energy

P-wave Velocity gradient { iteration 10

12 km-long streamer

15 km-long streamer| A 15 Km-long streamer would add ~1.2 km of vertical high-resolution imaging to the current model.
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Distance (km)

P-wave Velocity gradient

12 km-long streamer
15 km-long streamer
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Elastic Full Waveform Inversion - Hikurangi Margin, NZ
Seismic Line NZ38 - velocity structure evolution

Inversion NZ38:
2321 shots

_ 60 iterations

Model:

_8976*801 pts
~7.2 M grid points
_12.5m reqgular grid

_ 5001 timesteps
time window 0-5 s

_ dt=0.001s

Data:

_ ~41t0 20 Hz

__ pick f. 12Hz

_target data:
refraction then
reflectivity
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FWI of OBS data

Long streamer and OBS data could and SHOULD beinverted jointly.

Depth (km)
PN PLWN-O

101
« 201
£ 301
& 401
2 501
O 601

701

Time-(x/4.5) (s)

-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Distance (km)
(1 ¢y Tipe=0p1t0Oms 04 b
— = - -—_—1._ e —— == =S — = — . = —— 2= —— — = _ B
— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1 201 401 601 801 1001 1201 1401 1601 1801 2001 2201 2401 2601 2801 3001 3201 3401 3601 3801 4001 4201 4401 4601 4801 5001 5201 5401 5601 5801 6001 6201 6401
Grid Point #
l | I | l L L I 1 | | l | L l
High density of long-offset OBS data should
be used to bring high-resolution constraints
1l at greater depths B
I l | I I l | | [ 1 l l l [ I
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

Distance (km)



Future FWI applications

Application of 3D Elastic FWI.

(... Viscoelastic & Poroelastic & Anisotropic) —

—> “To better characterize Earth properties and processes
which are highly 3D.”

Multi-parameters inversion: Seismic +

Electromagnetlc (CSEI\/I MT) + GraV|ty
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Other

application

of FWI

Axial Volcano
Magmatic
system

Seismicity” -
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Other application of FWI

Imaging hydrothermal roots beneath
Endeavor vent fields, JDFR
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