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Abstract The attenuation structure is an important parameter of the Earth’s core, which can be
combined with the velocity structure to provide more comprehensive information on the formation

and evolution of the inner core. In this study, we systematically collect PKPDF and PKPBC data
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from global, regional and temporary seismic networks from year 1991 to 2014, and investigate
both the velocity and attenuation anisotropy structures at the top 300 km of inner core. Based on
data availability, we select three regions in the inner core, which are beneath Australia, Africa
and Central Pacific regions. Our results show regional variations in both velocity and attenuation
anisotropies in these regions. There is no obvious velocity anisotropy beneath Australian, but
there exist strong velocity anisotropies beneath Africa and Central Pacific regions. Meanwhile,
the average velocity is 0. 5% faster underneath Australia than AK135 model, but it is similar to
that of the reference model underneath Africa and Central Pacific. For the inner core attenuation
structure, we have the following results: 1) In equatorial direction, at the top 200 km of the
inner core, Australia has the strongest attenuation, with Q value around 400. Africa and the
Central Pacific have Q values at around 600 and 500, respectively. 2) Attenuation shows no/weak
anisotropy in Australia, but shows obvious anisotropy in Africa and Central Pacific regions. 3)
Finally, we find that the velocity and attenuation in all three areas have good correlation, with
fast/slow velocity corresponds to high/low attenuation. Considering the locations of three
regions, we conclude that inner core attenuation exhibit regional variations rather than simply
hemispherical pattern. The core-mantle boundary thermal heterogeneities may couple with the
inner core heat flow, generate different deformation and growth process at the inner core

boundary, and create different iron crystal alignment in different regions, which causes different

anisotropy in the inner core.
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Fig. 2 Ray coverage map of PKPDF phases

Gray lines are PKPDF ray segments in the inner core, black stars and triangles represent locations of earthquakes and stations,

respectively. We also plot PKPDF turning points for each ray path, in which blue and red circles are for equatorial and polar paths, respectively.
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(a) Original seismogram from KUR20 station shows clear

PKPDF and PKPBC phases; (b) The cross correlation between

PKPDF and PKPBC. The black solid line is the PKPDF phase.,

the gray solid line is the PKPBC phase, and the time shift is 8. 05 s;

() The histogram of the cross-correlation coefficients of PKPBC-

PKPDF differential travel time measurements.
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Fig. 5 Inverted inner core velocity models for Australia (a), Africa (b) and Central Pacific (¢) regions

The equatorial (black solid line) and polar (black dashed line) velocity models are plotted as a function of depth.

For comparison, AK135 model is also plotted (gray line).
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Fig. 6 Analysis of the inner core Q in frequency domain

Top : Example of vertical component {rom a broad-band seismogram.
Lower left: Logarithm of the amplitude ratio of PKP(DF)/PKP
(BCO) as a function of frequency. Lower right: Amplitude spectra of

phase PKP(DF), PKP(BC) and the noise.
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