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The USArray Transportable Array is a network of 400 high-quality
broadband seismometers that are being placed in temporary sites across

the United States from west to east, in a regular grid pattern.

From http:/ /anf.ucsd.edu/stations.php
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Displacements + Contoured Dilatational Strains
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(a) Horizontal components of surface waves from 2011 Great Japan Earthquake. Red

vector is observed horizontal displacement and the black vector is the model field

predicted by the bi-cubic spline interpolation of the displacement field.

(b) Principal axes of strain with contoured shear strain rate (pure strike-slip style)
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(a) Vertical component of raw waveform recorded by USArray Transportable station
D60A for 2014 August 24, earthquake near northern California.
(b) The 30 s - 150 s Rayleigh waveforms after applying band-pass filters to the raw

waveform in (a). We can see that the wavelength is getting longer for long periods

and the Rayleigh wave phase velocity is frequency dependent.
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Displacement gradients are determined using interpolation method of
Haines and Holt [1993] and Beavan and Haines [2001]
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Once spatial gradients are determined, we perform iterative
least-squares inversion for A and B coetticients
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Reducing Velocity Method of Liang and Langston [2009]
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Observed and predicted straingrams  u; ; = A;u+ B;u
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Wave equation solution
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A2 ‘Amplitude Correction Term’
A” — grad(4) Wielandt [1993]
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Insights into wavefield tocusing and defocusing
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How can this information be used to better delineate source
and propagation/structural influences”
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Wave gradiometry is applied to 700 earthquakes between
2007 and 2014, with magnitudes greater than 5.0 and focal
depths shallower than 50 km recorded by 1,739 TA stations.



/)
N
gl

bl

N
=S

RIS

(GRB)
9 -
h&ﬁé
o 2 ‘ — =
% Q = W
32°
T 1/,/,'/'0\"$:._ o ]

28’ \( g {' Period: 20 s

m | : —
-128° -120° -112° -104° -96° -88° -80° -72° -128° -120° -112° -104° -96° -88° -80° -72°

C) d)

48’ 48°

a4 44°

40° 40°

36° 36°

32’ -

og" Period: 265 | og- % 1B\ Period: 30's

L] — T T I T o — :
~128° -120° -112° -104" -96° -88° -80°  -72° ~128° -120° -112° -104" -96° -88° -80° 72
o S—
35 3.6 3.7 3.8 3.9

The 20 - 30 s Rayleigh wave Isotropic phase velocity
Liu and Holt, 2016, G-Cubed, In Review



-128°

36 37 38 39 40

-128° -120° -112° -104° -96° -88° -80° -72°
4

A 4.2

' \WO\D)

e —

-5

’ \.\‘ \ VS\ / T v
44° \ ) e\ £V ~5id dl
' \\ g 5 GﬁB\ /VC ”‘—-.‘;fx
40o (1 \ @ &jﬁc\ﬂkﬁg )/ 0/2 I
36° 7 ‘ 7 | L e
e Ay -
' L Period: 70 s
N J :
B — — — - T I I
-120° -112° -104° -96° -88° -80° -72° -128° -120° -112° -104° -96° -88° -80° -72’

3.7 3.8 3.

9

The 40 - 70 s Rayleigh wave Isotropic phase velocity
Liu and Holt, 2016, G-Cubed, In Review

( 4.0 41 42

3.7 3.8 3.9 4.0 41 4.2



A a5 /.‘f%“ﬁ ]
\S ) W s

f A -‘:\ ﬁg 1.4

\ v Z 2l SN
[ l_' Period: 90 s

- * \ _ 3
-128° -120° -112° -104° -96° -88° -80° -72’ -128° -120° -112° -104° -96° -88° -80° -72’

km/s

4.0 . 4.2

o

L‘ Period: 110 s
J

°
|
~
I\DI

-128° -120° -112° -104° -96° -88° -80° -72° -128° -120° -112° 104 -
4 km/s <

3.9 4.0 41 4.2 3.9 4.0 41 4.2

The 80 - 110 s Rayleigh wave Isotropic phase velocity
Liu and Holt, 2016, G-Cubed, In Review




-128°

c)

48"

44°

40°

36"

32°

28°

-128°

- ‘

D=
ot

L
&2 ¢
,d Y 7

A /QV/._J .
5 L ‘r”/r\iﬂm? ‘
o {7 AN

s
0

( WSarv e g
ok TN
_ % Period: 120 s

-120° -112° -104" -96° -88° -80° -72° -128° -120° -112° -104" -96° -88° -80° -72°

Q z 023\’ &) (7l =
RS oy

2
B Period: 140 s
'
 E— | — | — m =
-120° -112° -104° -96° -88° -80° -72° -128° -120° -112° -104° -96° -88° -80° 72’

4.0 4.1 4.2 4.3 4.0 4.1 4.2 4.3

The 120 - 150 s Rayleigh wave Isotropic phase velocity
Liu and Holt, 2016, G-Cubed, In Review



Standard errors for dynamic versus structural phase velocity
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Conclusions

Wave gradiometry uses both amplitude and travel time information to infer
dynamic phase velocity, back azimuth, radiation pattern and geometrical
spreading. Gradiometry parameters are combined with dynamic phase velocity
to generate structural phase velocity, which depends on the properties of the
medium only.

Analysis of the wavefields from six events that occurred in the Gulf of
California shows remarkable features of the wavefield that link the focusing
and defocusing of energy with significant amplitude variations. The
comparison between results from two sets of synthetic calculations and real
records show that gradiometry parameters are sensitive to input structure.

The isotropic phase velocity maps across the contiguous U.S show interesting
variations that correlate with major geological provinces and show the depth
extent of both crust and upper mantle velocity anomalies.

The broad depth range (8 km - 200 km) of the shear models allow us to examine
the lithospheric structure of the continent in great detail and associate modern
subsurface features in the crust and upper mantle to the formation of the
continent and orogenic events that impacted the structure and evolution of the
lithosphere in North America.



Thank you!

Questions?



Displacement gradients are determined using interpolation method of
Haines and Holt [1993] and Beavan and Haines [2001]

)
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Dilatation Dilatation Dilatation Dilatation
u(t) = rW(t) x ¢ Strains and rotaltions are ex.pressed in |
terms of derivatives of continuous rotation
£ = 1 6u¢ _y tan9+& vector function W, defined using bi-cubic
¥ cos® dp ° r spline basis functions. Equivalent to
S u finite-element approach with higher-order
g = o+ — elements.
o0 r )
1 é’u¢ 1 ou

== =%+ % +u, tan0
%7200 cosOap ¢

w, =1 (VxU)

10%-14

A



Smoothing or damping in the interpolation of displacements
for spatial gradients:

1)  Obtain optimal match to displacements while minimizing the
model strains

2)  Achieve reduced Chi-squared misfit between model and
observed displacement field

3)  Equivalent to finite-element approach with higher order
elements

C=ZZ(8 ) V1k1_1(3k1)+ZZ(V ~9,T V. (v, —\7]""3)

cells ij kI knots i,j
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Wave equation solution

u(z,y) = G(x,y) f(t — zps — ypy)
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