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Introduction

For many teleseismic questions it is far more im-
portant to be able to model realistic frequencies
(e.g. =1 Hz for body waves) than variations of
the seismic parameters and the wave field in full
3D. Some points of interest are: diffraction at
the CMB, teleseismic effects from subduction
zones and scattering within the mantle caused
by small scale heterogeneities.

To solve the elastic wave equation on a tele-
seismic scale, an axi-symmetric finite difference
(FD) scheme was applied. To be able to model
additional regional 3D structure without the re-
striction to axi-symmetry, a combination of the
axi-symmetric scheme (3D’”‘i) and a scheme for
3D spherical sections (3D) was performed.
One advantage of the FD method compared
to other methods are the used local operators.
That means, for the computation of a new val-
ues at a certain grid point only values from
neighboring grid points are required.

This locality allows a relatively simple paralleliza-
tion of the algorithm and its usage it at modern
parallel high performance computers. The re-
striction to axi-symmetric modeling on teleseis-
mic scales allows to store all variables in 2D ar-
rays, preserving the correct geometrical spread-
ing of the seismic waves (Figure 2).

The use of an appropriate grid is crucial for the
stability and performance of the FD method. In
order to fill the earth model with grid points, a
discretization in polar coordinates is used. To
avoid instabilities of the algorithm due to the
decreasing grid spacing towards the center,
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Axi—Symmetry:

Combined 3D ' -3D Method:

In order to model a regional 3D perturba-
tion within an axi-symmetric background
model, a combined 3D%-3D method was
developed. A sketch of the corresponding
geometry is shown in Figure 7. For a large
distance range, the wave field propagates
through the axi-symmetric (green) model
space. The part of the wave field that en-
ters the 3D spherical section (transparent
block), continues as a full 3D wave field
without restriction to axi-symmetry.

Wave propagation in the background model
is modeled by the axi-symmetric method
described on the left. The 3D region con-
sists of a spherical section which is con-
nected to the axi-symmetric model at the
model boundaries. At every time step,
velocities and stresses have to be passed
from the axi symmetric to the spherical
section.
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Figure 2

Verification:

Figure 8 shows the wave field of an SH source
located at the symmetry-axis for a homogeneous
medium. The source depth was set to 1500 km.
This depth is not realistic for real earth quakes,
but avoids high-amplitude surface waves which
would suppress the body waves in the snapshots.
The dotted region at approx. 90° denotes the
spherical section where full 3D modeling is per-
formed.

Figure 9 shows three cross sections of the 3D
spherical section. The arrows denote the direc-
tion of wave propagation. For this special case,
the wave field ist constant along the ¢ direction.
Note that the orientation of the axes is different
from Figure 8.

The axi-symmetric wave field travels through
the 3D spherical section without any artifacts
due to the transition.
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