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[1] Recent observations of inner-core scattering (ICS) waves provide evidence that the
outermost 300 km of the inner-core has strong heterogeneities with a length scale of a few
kilometers. These waves follow a path similar to that of the inner-core–reflected waves
PKiKP and were originally observed in data from 16 events in the distance range 58� to
73� recorded by the Large Aperture Seismic Array (LASA). Here we present additional
observations of the ICS waves from a total of 78 events recorded by LASA at distances
from 18� to 98�. We use a modified version of the Generic Array Processing software
package to identify ICS waves on the basis of travel time, back azimuth, ray parameter,
amplitude, and coherence. There are 44 events that produce clear ICS waves. We then
perform forward modeling of the observed ICS waves using a Monte Carlo seismic
phonon method that allows for multiple scattering along the raypath. Most of the ICS
waves appear without a visible PKiKP phase, initially grow in time, and have a spindle-
shaped envelope. The duration, risetime, and decay rates of the observed ICS waves
can be best explained by small-scale volumetric heterogeneities in the outermost few
hundred kilometers of the inner core. The average Qc value for the 44 events is �600.
Most clear ICS waves are found for raypaths sampling the Pacific Ocean and Asia, and
relatively few observations are from the Atlantic Ocean, roughly consistent with the
recently observed hemispheric difference in the inner-core structure.
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1. Introduction

[2] The Earth’s inner core is one of the most dynamic
parts of the Earth’s interior. Although the inner core is
mainly composed of iron and other light elements, its
detailed structure is far from well known. Recent studies
have found strong lateral heterogeneities inside the inner
core with a wide range of length scales [Tromp, 2001; Song,
2003, and references therein]. Observations of backscattered
PKiKP coda waves provide evidence that the outermost few
hundred kilometers of the inner core contains heterogeneity
on the length scale of a few kilometers [Vidale and Earle,
2000]. These waves, termed inner-core scattering (ICS)
waves, travel along a similar path to the inner-core–
reflected waves PKiKP (Figure 1a), follow immediately
after the expected PKiKP arrival, grow to a peak at �50 s,

and slowly decay over time. Koper et al. [2004] found
additional evidence of the ICS waves from a global study
using seismic data recorded by array stations of the Inter-
national Monitoring System.
[3] Although it has been suggested that the ICS waves

could be produced by reverberations at the inner-core
boundary (ICB) [Poupinet and Kennett, 2004], synthetic
calculations using a single-scattering approximation and ray
theory favor the idea that the spindle shape, or initial
growing PKiKP coda, can only be produced from volumet-
ric heterogeneities located inside the shallow portion of the
inner core [Leyton and Koper, 2007a]. Since the ICS waves
are backscattered in the top few hundred kilometers of the
inner core, they provide one of the highest-resolution tools
for better understanding of the fine-scale structure of the
inner core. This has important implications for our knowl-
edge of core processes, including the solidifying of the inner
core from the liquid outer core, and the generation of the
Earth’s magnetic field. Temporal changes in ICS waves can
be used to further refine the differential rotation rate of the
Earth’s inner core [Vidale et al., 2000].
[4] The ICS waves reported by Vidale and Earle [2000]

were originally observed in seismic data produced by 12
earthquakes and four nuclear explosions in the distance
range of 58� to 73�, and recorded by the Large Aperture
Seismic Array (LASA) between 1969 and 1975. Here we
use the same data set, and find a total of 44 events
generating high-quality ICS waves in the distance range
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