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Overview of lecture:

1. Introduction/background

2. Ambient noise and surface wave tomography (MIT, 2005-2015)
» combining ambient noise and earthquake data

» radial anisotropy
» adjoint tomography with ambient noise data
» joint inversion dispersion data and receiver functions

3. Imaging of interfaces



Figure 2.7-1: Seismograms recorded at a distance of 110°, showing surface waves.
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‘Surface and guided waves’: waves trapped in the shallow layers or a wave guide
(such as Love waves in the Earth, acoustic waves in the oceanic SOFAR, ....)

Rayleigh wave at the surface of an half-

space:
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Traditional Approeach to Tlomography.

DATA (Massive Sensor Networks;
Signal from Earthquakes)
ballistic (source-to-receiver) wave
propagation

Tomography

(Asymptotic or Full-Wave)
(Body waves, surface waves)

3-D Velocity Model that
best explains data




Lebedev and Van der Hilst (GJI, 2008)
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Examples from traditional surface wave tomography
with earthquake waves: relatively low frequencies - deep structures

T > 30 s - upper mantle

Simons and Van der Hilst (EPSL, 2003)
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Ambient Noise Toemography

DATA (Massive Sensor Networks;
background noise)
create data by means of
interferometry/cross-correlation

sourceless” imaging/tomography

Tomography

(Asymptotic or Full-Wave)
(Body waves, surface waves)

3-D Velocity Model that
best explains data




Shapiro, N.M., M. Campillo, L. Stehly, and M.H. Ritzwoller, 2005, High-Resolution Surface-Wave
Tomography from Ambient Seismic Noise: Science 307:1615-1618
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also Sabra, et al Surface wave tomography from microseisms in Southern California

Geophys Res Lett 32 ( 2005)



Use both ‘active’ and ‘passive’ data

DATA (Massive Sensor Networks;
earthquakes AND background noise)
ballistic (source-to-receiver) wave create data by means of
propagation interferometry/cross-correlation

Tomography

(Asymptotic or Full-Wave)
(Body waves, surface waves)

3-D Velocity Model that
best explains data




Field Projects Sichuan & Yunnan Provinces and E. Tibet (2003-2004)
Crust-Mantle study E Tibet — SW China
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Why SE Tibet?
1. understanding eastward
expansion of plateau




Why SE Tibet?
2. Southern end of Trans China Seismicity Belt
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Crust and Lithosphere:

Multi-resolution surface wave tomography
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Example: “ambient noise” surface wave tomography

T=20s(GF) __ T=30s(GF)
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“source”-receiver pairs at different periods

Yao, Van der Hilst, and De Hoop (GJlI, 2006)



Example: “ambient noise” surface wave tomography
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Interferometry (scattering) - relatively short periods (high frequency) o

For surface wave tomography that means: “shallow” sub-surface

Yao, Van der Hilst, and De Hoop (GJl, 2006)



Combination of ambient noise and earthquake data:
extend frequency range - extend depth range

Phase Velocity (km/sec)
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Multi-resolution surface wave tomography
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Phase velocity maps at different periods
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Multi-resolution surface wave tomography
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Radial Anisotropy from joint inversion of Love
and Rayleigh wave dispersion (empirical
Green’ s functions for noise correlation).

Rayleigh wave Love wave
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Huang, Yao, and Van der Hilst (GRL, 2010)




Radial Anisotropy (from Love and Rayleigh wave dispersion)
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Huang, Yao, and Van der Hilst (GRL, 2010)
Strong correlation with LVZs > horizontal flow in weak zones?
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Overview of lecture:

1. Introduction/background

2. Ambient noise and surface wave tomography (MIT, 2005-2015)
» combining ambient noise and earthquake data

>
» Adjoint tomography with ambient noise data
» Joint inversion dispersion data and receiver functions

3. Imaging of interfaces



RESEARCH LETTER Low wave speed zones in the crust beneath
10-1002720156L058476 SE Tibet revealed by ambient noise

adjoint tomography

Min Chen'?, Hui Huang', Huajian Yao'?, Rob van der Hilst', and Fenglin Niu**
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High resolution studies with dense seismograph arrays
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Traditional approach (concept)

CCP-RF stacking

Common Conversion Point

stacks of converted waves

(Receiver Functions):

- Time differences mapped
directly to depth

- Horizontal interfaces

Imaging with converted waves

Station
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Traditional approach (concept)  Shang et al. (GRL, 2012)

RTM-ARF
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waves (“imaging condition®)
- Horizontal interfaces -No assumption on structure




Shang, De Hoop, Van der Hilst (GRL, 2012)
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Lens model

Multi-layer step model
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Promising but ...
... Important practical considerations:

* Need good starting model (2- or 3D structure, e.g., from
ambient noise or wave equation reflection tomography)

* Need to have densely sampled wavefield (preferably on
a regular grid) - not always available - need
Interpolation - wave field continuation



Shang, De Hoop, and Van der Hilst (GJI

, 2017)
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Shang, De Hoop, and Van der Hilst (GJI, 2017)

Sparsity Promoting Interpolation

Minimize

a=Gmin

m=C"x
A=GCT

d: observed data

m: recovered
(interpolated) data
G: sampling operator
n: noise

X: curvelet coefficients

CT: inverse curvelet
transform

-

o

1
= - axf + 2

~

/
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Shang, De Hoop, and Van der Hilst (GJI, 2017)

Real Data Example
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Shang, De Hoop, and Van der Hilst (GJI, 2017)

Application to Sparsely Sampled Synthetic data
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10 plane P waves
(incident angle: 20~40 degree)

Source central frequency: 0.5
Hz

Station interval: 2, 6, 10 and 20
km
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CcCp

RTM
without
interp

Shang, De Hoop, and Van der Hilst (GJI, 2017)
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Shang, De Hoop, and Van der Hilst (GJI, 2017)
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Shang, De Hoop, and Van der Hilst (GJI, 2017)
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CcCp

RTM
atter
interp

Shang, De Hoop, and Van der Hilst (GJI, 2017)
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With interpolation/data continuation:
array technlques such as RTM-ARF always better than CCP stacks \




Latitude

Shang, De Hoop, and Van der Hilst (GJI, 2017)

Application to HI-CLIMB data — Preliminary Result

71 stations
Station spacing: 2~40 km
average interval: 10 km

Longitude

 75events, 70 from SE, 5 from NW

 Epicentral-distance: 30~80 degree




Shang, De Hoop, and Van der Hilst (GJI, 2017)

Gaussian beam migration
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Some conclusions:

Complex structures - underlying assumptions limit
resolution and accuracy -2 just adding stations (and
reducing station spacing) gives diminishing returns!!

Need better imaging methods to make the best use of
dense array data - array methods, like reverse time
migration (RTM) = Ideal spacing depends on frequency
and depth of target (2-5 km for crustal imaging).

But: Need powerful data—preprocessing to enable
application of RTM type technigues in earthquake
seismology (to mitigate effects of uneven sampling).

Without such pre-processing, conventional (single-
station) methods may work better than array methods on
poorly sampled data.
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