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Layer IIb (1100-1500 km)

-40

-30

-20

-10

0

10

20

30

40

V
p

m/s

The past (Dziewonski et al., 1977)

Wednesday, 22 September 2010



SB10L18 at 1210 km depth

-1

0

1

V
p

%

The past (Masters et al., 2000)

Wednesday, 22 September 2010



de
pt

h 
in

 k
m

S1

S1

N1

N2

S2
S2

W

N1

SG
Me

Present (Sigloch et al., 2008)
West

North

130W

120  

110  

100  
N

Wednesday, 22 September 2010



The future

1. Move away from ray theory

2. Include amplitudes (or full waveforms)

3. Super-arrays 

4. New inversion techniques

5. Ocean coverage with robots

6. Web services for data
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Software
https://www.geoazur.net/GLOBALSEIS/Soft.html

Raydyntrace:  dynamic ray tracing in a spherical Earth

BD3D:  dynamic ray tracing and kernel computation in local 
models (Cartesian coordinates).
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BD3D (Cartesian)

Figure 1: The example model, plotted by script gmtm

Figure 2: The travel time field from source s1, plotted with gmtt.

Figure 3: The travel time field from source s2, plotted with gmtt.
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Figure 4: The geometrical spreading from source s1, plotted with gmtg.

Figure 5: The geometrical spreading from source s2, plotted with gmtg.

Figure 6: The travel time kernel, plotted with gmtkt.
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Figure 7: The amplitude kernel, plotted with gmtka.

by J. Virieux, see J. Virieux, Seismic ray tracing, in: Seismic modeling of Earth Structure, ed. E.

Boschi, G. Ekstrom and A. Morelli, p. 223-304, Edice Compositori, Bologna, 1996) to compute the

geometrical spreading R. Please cite these sources when using the results of this software in your

publications.

The files created by this program can be used by program computebd to compute banana-doughnut

kernels in the 3D box.

The program was tested on a Mac Powerbook using the g77 Fortran compiler. To give an idea

of the calculation speed: in a testrun on a very heterogeneous model for Corinth with about 70,000

nodes, which required me to raise the max number of iterations to 50 and do a fully nonlinear search

along gradienty directions, it took 20-40 minutes to compute 70,000 rays (depending on the source

location)

Programmed by Guust Nolet (mostly during two visits to Geosciences Azur). Some notes in GN

notebook 3: 5/3/2003, 4: 12/4/2004

The program has undergone some limited testing against ground truth: on a homogeneous model

as well as on a constant gradient model with v=6.25*(1+0.1z); the latter gave errors up to 2geo-

metrical spreading, the most critical parameter, for the standard ray node spacing (jssw6=0). How-

ever, geometrical spreading is likely more in error for very strong gradients that replace discon-

tinuities (which cannot be handled by this program). GN: Some testing and debugging notes in

/src/ray/amp/Log

Manual:

Input (prompted from screen):

1. default switch indicator (0 if program should run with default parameters, 1 if you wish to

change some)

4

• Computes travel time fields in 3D by ray bending
• Computes geometrical spreading fields
• Computes time and amplitude kernels

Extensive tutorial still in progress....
Wednesday, 22 September 2010
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Figure 7: The amplitude kernel, plotted with gmtka.
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Figure 8. The cubed sphere in the orientation decided at the Skype meeting
of July 29, 2009. Important lower mantle plume locations are indicated by
red dots.

where the overall rotation R is given by:
(4)

R =




cos α − sinα 0
sinα cos α 0

0 0 1



 ·




cos β 0 sinβ

0 1 0
− sinβ 0 cos β



 ·




cos γ − sin γ 0
sin γ cos γ 0

0 0 1





=




0.11294691456007028 −0.3742680741057697 0.920416429230008
0.9330673459959552 0.35834481907136045 0.031214075042811273
−0.3415088905540008 0.8552849813657855 0.38969126025958484





with α = 0.2089−0.175 = 0.0339, β = 0.9205+0.25 = 1.1705 and γ = 1.2409−0.05 = 1.1909
(radians; notice the sign difference in the β matrix). In degrees, α = 1.9◦, β = 67.1◦ and
γ = 68.2◦. Note that only R is given to full precision – this is therefore the ultimate
definition of the coordinate rotation to be used. The inverse of R is given by its transpose:

(5) R−1 =




0.11294691456007032 0.9330673459959553 −0.3415088905540008
−0.3742680741057698 0.3583448190713605 0.8552849813657856
0.920416429230008 0.031214075042811304 0.3896912602595849



 .

The above transformation uses Frederik’s choice of angles (meeting of 29 July 2009). This is
the one were are going to use. R−1 is called rottot in Frederik’s cubemats.m (version of 29

Cubed Earth
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Figure 10. The ordering of the axes on the spherical surface

which lies between 1 and 1/
√

2 for −π/4 ≤ ξ, η ≤ π/4.

Definition. With −π/4 ≤ ξ, η ≤ π/4, the coordinate transformations for the six chunks are:
(7)

x+ :




x
y
z



 =





r�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η

−r tan ξ�
1 + tan2 ξ + tan2 η





=




0 0 1
0 1 0
−1 0 0









r tan ξ�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η

r�
1 + tan2 ξ + tan2 η





(8)

x− :




x
y
z



 =





−r�
1 + tan2 ξ + tan2 η

−r tan ξ�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η





=




0 0 −1
−1 0 0
0 1 0









r tan ξ�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η

r�
1 + tan2 ξ + tan2 η





(9)

y+ :




x
y
z



 =





−r tan ξ�
1 + tan2 ξ + tan2 η

r�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η





=




−1 0 0
0 0 1
0 1 0









r tan ξ�
1 + tan2 ξ + tan2 η

r tan η�
1 + tan2 ξ + tan2 η

r�
1 + tan2 ξ + tan2 η





Current Globalseis efforts

+ Frederik Simons, Ignace Loris 
and Ingrid Daubechies
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Dense parameterization 
in a cubed Earth

Goal:
6x512x512x128=
2x108 for mantle

(20 km resolution)

Currently:
6x128x128x37=
3.6x106 (80 km)
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4. New inversion techniques
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Figure 4: From left to right: A toy model for the East-African rift, with stations (trian-
gles) and events (circles); reconstruction with !1-method; reconstruction with !2-method;
reconstruction with wavelet !2-method.
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Figure 5: Left to right: An example of a low frequency kernel. The high frequency
kernel with the same source and receiver (These two kernels are plotted at a much higher
resolution than the resolution of the model. The cut-off is clearly visible). The sum of the
absolute value of all lowest frequency kernels used. The sum of the absolute value of all
highest frequency kernels used. White is zero.

Figure 6: A graph of the 2D dual-tree complex wavelets used in the reconstruction. First
row: real part, second row: imaginary part, third row: norm squared (figure taken/adapted
from [24]). The directional character of each of the six wavelet functions is clear.
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Figure 6: A graph of the 2D dual-tree complex wavelets used in the reconstruction. First
row: real part, second row: imaginary part, third row: norm squared (figure taken/adapted
from [24]). The directional character of each of the six wavelet functions is clear.
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Loris et al., GJI 2007
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ARGOS: 3000 floats for oceanography

New data
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Courtesy Frederik Simons
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Mermaids
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Cruising depth 
to 2000 m

Lifetime about 3 
years
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Expected to get good 
signal for magnitudes 5.8 
and higher (100 per year, 
about $60 per P wave)
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