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We model the antipodal arrivals of PKIIKP data by using the spectral element method (SEM) - taking into account 3D variations
inside Earth, such as P-wave velocity, S-wave velocity and density, attenuation, anisotropy, ellipticity, topography and
bathymetry, and crustal thickness - to compute synthetic seismograms. The initial model used incorporates a simple
PREM model for the Core, a 3D tomographic P-wave model for the Earth’s Mantle, crustal model CRUST2.0, and
topography and bathymetry model ETOPO5 (NOAA). In modeling the antipodal earthquakes, we use a mesh with a total of
13.5 billion global integration grid points, which corresponds to an approximate grid spacing of 2.0 km along the Earth’s
surface and provides for synthetics seismograms accurate up to 3.5 seconds. The observed unknown seismic phase arrival
bounded between PKIKP and PKIIKP indicates structure within the Inner Core. Our working model suggests a liquid-liquid
Inner-Outer Core Boundary, and a liquid-solid discontinuity at a radius of 1100 km, or ~120 km below the IOCB.

Keywords: Numerical modelling, Wave propagation, Inner Core structure and heterogeneity

1. Introduction Figure 1. PKIKP and PKIIKP seismic waves both
The Inner and Outer Core regions of Earth have traverse the Inner Core, shown in cross-section.
been shown to exhibit many features which relate to However, the antipodal paths for PKIIKP
the dynamics and evolution of Earth, including encompasses all azimuths between the earthquake and
anisotropy in the Inner Core [1-14], Inner Core its antipode.
rotation with respect to the Mantle [15-20], degree one
variation [21-24],structure within the Inner Core [25- 2. Data
56] and velocity gradients at the base of the Outer Core We have substantially augmented the antipodal data
[57,58]. At the antipode of an earthquake, Earth acts set introduced by Butler and Tsuboi [20], comprising
like a nearly spherical lens focusing seismic energy diametral axes between earthquake and antipodal
through an axis-symmetric region about the diameter receiving station (i.e., Tonga—Algeria & Chile-China)
between the earthquake and its antipode (Figure 1). from 8 earthquakes to 39 in the distance range A>179°.
Antipodal observations have the potential to This has enable_d data stacking to i_mprove SNR of the
illuminate global Earth structure [59-61; 20, 51] and Inner Core arrivals. Stacked antipodal data for the

complement  traditional body-wave and free- Tonga—Algeria diametral axis are shown in Figure 2.

oscillation seismic methods. 3. Spectral-element Method and Seismic Modeling

We model the data in Figure 2 by using the spectral-
element method (SEM) [62,63]—taking into account
3D variations inside Earth, such as P-wave velocity, S-
wave velocity and density, attenuation, anisotropy,
ellipticity, topography and bathymetry, and crustal
thickness—to compute synthetic seismograms. The
initial model used incorporates a simple PREM model
[64] for the Core, a 3D tomographic P-wave model for
the Earth’s Mantle, GAP-P1 [65], crustal model
Outer Core CRUST2.0 [66], and topography and bathymetry
model ETOPO5 (NOAA). In modeling the antipodal
earthquakes, we use a mesh with a total of 13.5 billion
global integration grid points, which corresponds to an
approximate grid spacing of 2.0 km along the Earth’s
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surface and provides for synthetics seismograms
accurate up to 3.5 seconds.
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Figure 2. TAM data are compared with PREM and
Inner Core model Vp4. The PKIIKP arrival time in
aqua, preceded by an unknown Inner Core arrival (?)
in yellow, are featured in Vp4 (blue arrows) but not
PREM. Unlike TAM, data for Chile—China diametral
axes are better matched by PREM, indicating
substantial lateral heterogeneity in Earth’s Inner Core.

4. Inner Core Structure

The TAM unknown seismic phase (?) arrival
bounded between PKIKP and PKIIKP indicates
structure within the Inner Core. The working model
Vp4 incorporates a liquid-liquid Inner-Outer Core
Boundary [51], and a liquid-solid discontinuity at a
radius of 1100 km, or ~120 km below the 10CB
(Figure 3).
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Figure 3. Inner Core velocity profiles for P-waves
(green) and S-waves (blue). Dotted red indicates
modification from PREM model.

5. Inner Core Sampled

At the antipode the seismic energy converges from
all azimuths, and the ray paths join to form a ray-sheet.
For PKIIKP each ray-sheet encompasses nearly 60%
of the ICB, By incorporating other diametral axes,
nearly 99% of the uppermost Inner Core is sampled by
the antipodal propagation surfaces. This is illustrated
in Figure 4 where Tonga—Algeria paths (TAM) are
projected to the Earth’s surface along with Chile-
China paths (which are reasonably fit by PREM).

PKIIKP.

Figure 4. Antipodal coverage of the top of the Inner
Core. The antipodal propagation ray-surface Fresnel
zone for PKIIKP at the top of Inner Core is projected
to the Earth’s surface for the TAM (in cyan) and Chile-
China (in magenta) diametral axes. Each annulus
surface is illustrated by individual ray- paths from
source to receiver, shown at 5° increments. The upper
left orthographic projections is centered on the quasi-
Eastern hemisphere (0°, 110°E) noted in Inner Core
studies [Tanaka and Hamaguchi, 1997[21]; Niu and
Wen, 2001[22]]; other projections are perspectives
corresponding to 120° rotations for a circumscribed
tetrahedron. The two ray surfaces for PKIIKP for these
events encompass most of the Inner Core. The TAM
ray-surface also corresponds to the region wherein a
(rotational ?) time shift in PKIIKP is manifested. Map
adapted from GoogleEarth© with permission.

6. Conclusion
Progress is being made in documenting and
explaining non-radial structure within the Inner Core



Annual Report of the Earth Simulator April 2018 - March 2019

by using a unique antipodal data set. The next phase of
analysis will incorporate 3D structure within the Inner
Core to simultaneously model the Tonga—Algeria path
with Chile—China paths.
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