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Abstract The outermost part of the inner core is isotropic, though the thickness of this layer varies
longitudinally, commonly interpreted to be a zone where compaction of the crystallites randomly adhering
to the inner core boundary eventually aligns them. We explore the possibility that the surface layer is also
anisotropic, but of a form that thwarts detection by travel time observation. If the surface material is
hexagonally anisotropic with a vertical symmetry axis (vertically oriented transverse isotropy), P wave
travel times through the shallow inner core will not depend on their angle to the Earth's rotation axis. To
detect any anisotropy in this layer, we explore PKiKP amplitudes versus distance to determine whether
there is a range trend diagnostic of anisotropy. P wave anisotropy levels of 2–10% can increase reflection
amplitudes by a factor of 10. The trend of PKiKP amplitude with range may be fit with vertically oriented
transverse isotropy anisotropy levels of 5–10%.

Plain Language Summary Seismic waves travel through Earth's solid inner core at different
speeds in different directions. This happens because the metal crystals in the core line up to give the inner
core a grain, like wood. The outermost part of the inner core's surface seems to lack a grain, however,
because the speeds in it do not depend on direction. This study explores the possibility that there is a grain
to the surface of the inner core too—it is just oriented differently. If the crystals align themselves to all point
outward, you will not see changes in speed with direction with the usual seismic waves that travel across
the inner core. Waves that reflect from the inner core's surface will seem much brighter, however, if the
grains all point outward. It turns out that reflections from the inner core are much brighter than you would
expect, lending credence to the idea of texture in it everywhere. As the crystals accumulate on the inner
core's surface, they eventually get pressed into the grain orientation that the rest of the inner core has.

1. Introduction
The inner core is generally accepted to be anisotropic based on observations made with a variety of seismo-
logical methods. Body wave travel times first suggested the inner core's anisotropy (Poupinet et al., 1983),
which was subsequently verified by more focused studies (Creager, 1992; Morelli et al., 1986; Shearer, 1994;
Song & Helmberger, 1993). Concurrently, anomalously split normal mode eigenfrequencies also pointed to
the structure in the inner core (Giardini et al., 1987; Ritzwoller et al., 1986; Woodhouse et al., 1986). Since
then, a plethora of body wave and normal mode studies probed the structure of the inner core's anisotropy;
see Tkalčić (2015) for a review.

The inner core's anisotropy is not, however, simple. Among its complexities is the quasi-hemispheric
dichotomy in the anisotropy's strength (Tanaka & Hamaguchi, 1997) and radial strength (Creager, 1999;
Song & Helmberger, 1998), which itself varies hemispherically (Creager, 2000; Garcia & Souriau, 2000).
Essentially, an isotropic layer, whose thickness varies with longitude, overlies the bulk anisotropy of
the deeper inner core. Explanations for the longitudinal structure range from varying heat flow at the
core-mantle boundary, affecting the crystallizing inner core (Sumita & Olson, 2002) to lopsided growth
due to a translational mode (Alboussière et al., 2010; Monnereau et al., 2010), but are unimportant for the
purposes of this study. Rather, we focus on the solidification texturing that takes place after adhesion of a
crystallite to the inner core surface (Deguen, 2012) and orients the solids to the inner core's bulk anisotropy.

The intrinsic anisotropy of a mineral is usually quite large compared to the bulk anisotropy of an aggregate
(Barruol & Mainprice, 1993). Hexagonal closest-packed (HCP) iron is widely believed to be the phase crys-
tallizing from the outer core liquid to form the inner core; consequently, its elastic properties are a common
target of state-of-the-art first-principles computational studies (Li et al., 2018; Steinle-Neumann et al., 2001;
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Figure 1. Sketch of the concept of an anisotropic inner core boundary. Inner core boundary surface is the solid line,
and the layer with vertically oriented transverse isotropy is bounded below by the dashed line. A P wave such as PKPdf
traveling through the anisotropic layer (arrow) will not undergo any directional change of wave speed, appearing to be
isotropic. The sketch shows the equatorial plane and a and c axes of the layer's hexagonal symmetry.

Stixrude & Cohen, 1995). For example, P anisotropy (in the axial to equatorial directional wave speeds in
hexagonal symmetry) ranges from 3–22% among the three cited single-crystal values. This raises the possi-
bility that the surface of the inner core is actually substantially anisotropic but organized with the crystallite
symmetry axes radial (vertically oriented transverse isotropy or VTI). In this orientation, the P waves tradi-
tionally used to study inner core anisotropy, PKPbc, and PKPdf (also known as PKIKP) would traverse the
inner core in the equatorial plane of the hexagonal system and would not be subject to travel time variation
dependence on the angle with respect to the Earth's spin axis (Figure 1). Hence, the effect of the anisotropy
on travel times would be undetectable. Lythgoe and Deuss (2015) also noted this in their study of center
frequency shifts of inner core-sensitive normal modes.

Anisotropy also affects the reflection coefficients off of boundaries in layered media, however. One way to see
how this arises is from the consequences of propagation in anisotropic media: the wave vector (ray direction)
differs from the energy flux direction. When a boundary is reached, its reflectivity changes abruptly when
a transmitted wave is no longer able to penetrate the boundary. In the isotropic case, this is when the wave
vector becomes parallel to the interface, but in anisotropic media this is when the energy flux parallels the
interface. This leads to a different angle dependence of reflection amplitude than the isotropic case, and to
different amplitudes at any particular incidence angle.

In this study we demonstrate how strong this effect is by examining the P wave reflection at the inner core
boundary (ICB), PKiKP. We find that order-of-magnitude amplitude enhancement is likely in some inci-
dence angle ranges, which provides an alternative explanation to unexpectedly strong P wave reflections off
of the ICB. For reflected wave amplitudes, anisotropy is a first-order effect. We show that weak single-crystal
anisotropy is capable of producing this strong of a reflectivity variation. Consequently, the ICB's surface
might not be isotropic, but rather markedly anisotropic with an orientation that obscures a travel time
signature.

2. Methods
The P wave anisotropy is fairly weak and cylindrically symmetric (Creager, 1992), so we use the parameter-
ization of Thomsen (1986) to characterize it (an approximate theory applicable to up to ∼20% anisotropy).
The five independent elastic constants for hexagonal symmetry are related to three nondimensional param-
eters 𝜖, 𝛿, and 𝛾 and two characteristic wave speeds (VP0 and VS0) along the symmetry axis. Explicitly, the
wave speed dependence on angle with respect to the symmetry axis 𝜃 is

VP(𝜃) = VP0
[
1 + 𝛿sin2

𝜃cos2𝜃 + 𝜖sin4
𝜃
]

VSV (𝜃) = VS0
[
1 + (𝜖 − 𝛿)(VP0∕VS0)2sin2

𝜃cos2𝜃
]

VSH(𝜃) = VS0
[
1 + 𝛾sin2

𝜃
] . (1)

𝜖 and 𝛿 control the axial to equatorial variation in P wave speed (𝜖 is the axial-to-equatorial anisotropy) and
the SV wave speed, whereas 𝛾 affects only the SH wave speed. To relate the quantitites to the components
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Figure 2. Evolution of Thomsen parameters 𝜖, 𝛿, and 𝛾 for Mg with increasing uniaxial compression, parameterized by
the texture index. The anisotropy parameters appear to approach asymptotic limits. Over the range shown mean 𝛿/𝜖
and 𝛾/𝜖 are 2.9 and 3.4, respectively.

of the Voigt form of the elastic tensor Cij,

VP0 =
√

C33∕𝜌

VS0 =
√

C44∕𝜌

𝜖 =
C11 − C33

2C33

𝛿 =
(C13 − C44)2 − (C33 − C44)2

2C33(C33 − C44)

𝛾 =
C66 − C44

2C44

. (2)

In hexagonal symmetry (with c||x3), the Voigt elastic tensor is

Ci𝑗 =

⎡⎢⎢⎢⎢⎢⎢⎢⎣

C11 (C11 − 2C66) C13
(C11 − 2C66) C11 C13

C13 C13 C33
C44

C44
C66

⎤⎥⎥⎥⎥⎥⎥⎥⎦

. (3)

To derive Cij values from the isotropic wave speeds of the solid inner core, we identify VP with a P wave
traveling normal to the hexagonal symmetry axis and VS with a similarly traveling SV wave and use (1) and
(2) to solve for C. See supporting information Table S1 for the isotropic values used in equations (1) and (2).
Anisotropic transmission and reflection coefficients are obtained using methods from Malehmir and Schmitt
(2016). In all cases, we assume that the layer boundary is normal to x3. We simulate the ICB reflection of
PKiKP by placing the hexagonal symmetry axis in the SV ray plane. We validated the reflection coefficient
methodology by reproducing the reflection coefficient trend with angle for PKiKP when 𝜖 = 𝛿 = 𝛾 = 0 and
VP0 and VS0 the Preliminary Reference Earth Model (PREM) inner core surface wave speeds (Dziewonski &
Anderson, 1981), with VP0 the base of the outer core's wave speed and C44/ C33 = C66/ C33 = 1× 10−6 for the
liquid.

We used the robust visco-plastic self-consistent code originally developed for HCP metals (Lebensohn &
Tomé, 1993) using critical resolved shear values (supporting information Table S2) measured for pure mag-
nesium at temperature T∕Tmelt = 0.7 (Chapuis & Driver, 2011). In HCP metals the c∕a ratio controls their
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Figure 3. Histograms of reporting frequencies of P and PKiKP arrivals to the International Seismological Centre for
events of magnitude 5 and greater, as a proxy for the range dependence of PKiKP amplitudes. The level of P reports is
relatively uniform in the range 20–90◦, indicating that geometric and geographic biases affect this proxy for PKiKP
amplitudes <20◦. Beyond 120◦, reporting levels for PKiKP are also relatively constant as the reflection coefficients
would indicate; the line shows the theoretical PREM PKiKP amplitude. Between 50◦ and 120◦ there is significant
deviation in PKiKP amplitude from either uniform or PREM-predicted amplitudes. PREM = Preliminary Reference
Earth Model.

dislocation slip geometry. Magnesium has the same c∕a ratio as HCP iron at inner core conditions (Li et al.,
2018). The visco-plastic self-consistent code simulations use axial compression, as the target symmetry is
hexagonal to an equivalent strain of one. (We use the adiabatic elastic constants to derive the anisotropy, but
note that the anisotropy of the isothermal elastic constants is lower.) Axial compression mimics the process
of compaction of crystallites at the surface of the ICB. As expected, the slip activity is dominated by basal
slip [21̄1̄0](0001), which accounts for 80% of the deformation. Figure 2 shows how the aggregate Thomsen
parameters 𝜖, 𝛿, and 𝛾 , calculated from the Cij values using (1) and (2), evolve as a function of texture index
(Mainprice et al., 2015), which yields a rule of thumb for anisotropy developed from texturing that if the P
wave anisotropy is 𝜖, then 𝛿 ≈ 2.9 × 𝜖 and 𝛾 ≈ 3.4 × 𝜖.

In order to compare predicted PKiKP amplitudes with data, we use records of PKiKP arrivals cataloged by the
International Seismological Centre. Though the International Seismological Centre data includes amplitude
information, it is not uniformly reported and is therefore subject to geographic bias arising from recording
network operating practices. Hence, we use the frequency of reported observations of PKiKP with distance
as a rough gauge of amplitude. We select all earthquakes in a 13-month period starting in October 2010 with
magnitude >5 listing PKiKP arrivals, which yields about 2×104 observations. To account for source-receiver
bias in the PKiKP observations, we also select all P arrivals for the same interval and magnitude cutoff,
about 2 × 106 observations. P and PKiKP are jointly present in the range Δ of 0–100◦, which helps to assess
the sinΔ area bias due to the spherical Earth as well. Figure 3 depicts histograms of P and PKiKP reports;
further, maps and diagnostic plots of geographic bias may be found in the supplementary information. The
bottoming point maps and histograms show the expected biases to the Northern Hemisphere and the Eastern
Hemisphere and to subduction zone sources. Intermediate-range (50–100◦) PKiKP reflections mostly occur
in the Eastern Hemisphere.

The histograms in Figure 3 reveal that P reports are relatively uniform in the range of 20–90◦, suggesting no
geometric bias in that range. Below 20◦, geometric biases probably act to reduce reporting frequency, and
above 90◦ P observations probably also decrease due to the near-simultaneous arrival of P and PcP (the P core
reflection), hindering identification. The PKiKP arrivals below 25◦ presumably reflect the same geographic
and geometric biases as P and will not be used in the following analyses. Beyond ∼120◦, PKiKP reporting
frequencies are relatively constant, as expected from the calculated reflection coefficient for PREM. See the
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Figure 4. PKiKP reflection coefficient amplitude for isotropy and different levels of axial-to-equatorial P wave
anisotropy. Effect on PREM PKiKP amplitude shown at top and on AK135 PKiKP amplitude at the bottom. Scale on
top is PKiKP range (degrees) for a surface seismic event. Through most of its range, PKiKP amplitude is quite low,
reaching unity where the P wave that penetrates the core (PKIKP) reaches the critical incidence angle (𝜃 ∼70◦). Note
PREM amplitudes change sign in the incidence angle 𝜃 range between ∼45◦ and 55◦, leading to logarithmic
divergence. In contrast, AK135 amplitudes are always positive. Anisotropic reflectivity increases at near-vertical
incidence and is enhanced by 10% levels of anisotropy, but at smaller levels the effect depends on the particular inner
core boundary properties of PREM and AK135. Isotropic reflection coefficients calculated using the WKBJ synthetic
algorithms (Chapman et al., 1988). PREM = Preliminary Reference Earth Model.

supplementary information for details on normalizing the count histogram to theoretical PKiKP amplitudes.
The similarity between the PREM-predicted reflection amplitudes and the relative count levels at 25–45◦ and
>120◦ further supports the use of the reporting frequency count proxy for amplitude. There are systematic
differences in reporting frequencies relative to PREM amplitudes evident in the range between 40◦ and 120◦,
which will provide key diagnostics in the study.

3. Results
Figure 4 shows a typical amplitude versus incidence angle profile for PKiKP, using the properties of isotropic
PREM and AK135 (Kennett et al., 1995). At an incidence angle of ∼70◦, the amplitude jumps because a P
wave is no longer able to penetrate the solid. The S wave speed in the inner core is much slower than the P
wave speed in the liquid outer core. Consequently, there are no cusps or amplitude anomalies due to P or S
evanescence such as for ScP (Schweitzer, 2002). With hexagonal material at the surface of the ICB, however,
additional effects arise. We parameterize the anisotropy in terms of the axial to equatorial change in P wave
speed, which yields the Thomsen parameter 𝜖 and let 𝛿 = 2.9×𝜖 and 𝛾 = 3.4×𝜖. Figure 4 also shows the
reflection intensity in the isotropic and anisotropic cases for the AK135 model and PREM. Of note is that
at near-vertical incidence, the reflection coefficients are slightly larger, by up to a factor of 2. Moreover, in
the incidence range of 40–60◦, reflection intensities vary substantially compared to the isotropic case. For
PREM, anisotropy increases the reflectivity by factors of 2–10 as the P anisotropy increases from 2.5% to
10%. In contrast, for AK135, low P anisotropy first decreases the reflectivity intensity, but then increases
it, enhancing amplitudes by 10 at a 10% anisotropy level. At large incidence angles, >70◦, reflected wave
amplitudes are insensitive to anisotropy.

Having established that anisotropy at the ICB substantially changes the PKiKP reflection coefficient, we
now ask how much anisotropy is required to explain the amplitude trend with range as given by the PKiKP
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Figure 5. Best fitting anisotropy models for apparently isotropic PREM and AK135 ICB properties. Nuclear explosion
amplitude data from Krasnoshchekov et al. (2005; filled: station averages; open: single observation), compared to
isotropic predictions, and PKiKP/P amplitudes from Koper & Dombrovskaya (2005; open: lower bound; filled:
observed). Both amplitude studies show enhanced amplitudes in the distance range Δ of 60–100◦ (Figure 4). See the
supporting information for normalization details for the various data sources. PREM = Preliminary Reference
Earth Model.

observation frequency proxy (Figure 3). To answer this question, we perform a grid search over all combina-
tions of the Thomsen parameters 𝜖, 𝛿, and 𝛾 in the range −0.2 ≤ 𝜖 ≤ 0, −0.4 ≤ 𝛿 ≤ 0, and −0.4 ≤ 𝛾 ≤ 0
over increments of 0.002, followed by a nonlinear minimization of the best fit grid search combination to
find the global minimum. We use the same normalization scheme described in section 2 to anchor the ampli-
tudes to the PKiKP observation histogram, and use the difference between calculated and observed values
between 55◦ and 95◦ and the value at 145◦ as a misfit measure. No anisotropic model is able to reproduce
the PKiKP histogram peak at ∼110◦, which we suspect is due to difficulties in distinguishing PKiKP from
PP and PKPdf here; hence, this distance range is excluded from the misfit measure. It emerges that 𝛾 exerts
a negligible influence on PKiKP (the observation frequencies change by <0.1 log unit and minima positions
shift by ±2◦), so we report values for 𝛾 = 0 even though systematics would suggest it is ∼ 3.9 × 𝜖.

Figure 5 shows the best fitting models using both PREM and AK135 ICB properties. Both models yield P
anisotropy levels around 10%. The figure includes the PKIKP amplitude observations from nuclear explo-
sions summarized in Krasnoshchekov et al. (2005), and the earthquake PKiKP amplitudes measured by
Koper and Dombrovskaya (2005). The predicted anisotropic reflection amplitudes reproduce observations
in the range between 80◦ and 100◦ better than purely isotropic models (Figure 4), but the data scatter is too
large to draw any firm conclusions about the anisotropy level apart from the reporting frequency histogram.

4. Discussion
The main result, shown in Figure 4, is that anisotropy can substantially change the reflection coefficient of
the P wave reflected at the ICB and hence the amplitudes of PKiKP. The form of anisotropy we chose, VTI,
yields PKPdf travel times in the shallow inner core that do not vary with spin axis orientation. Hence, the
ICB surface that, to travel times, appears to be isotropic (Garcia & Souriau, 2000; Ozounis & Creager, 2001)
might not in fact be so, an insight that motivated Lythgoe & Deuss's (2015) study. Rather, solid crystallites
might be oriented by compaction, flow, or electromagnetic forces uniformly upon adhesion to the ICB that
could impart a uniform VTI fabric.

Why might the strength of the fabric vary longitudinally, as implied by the results of Creager (1999), Garcia
and Souriau (2000), and Creager (2000)? Compaction rate might be a factor, because this is the align-
ment process in our VSPC simulations. The initial degree of alignment at the ICB surface could also vary
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due to flow variations in the outer core that affect either the adhesion of crystallites to the surface or
the light-element concentration that would affect surface growth. Explaining the variable thickness of the
anisotropic region is harder. The process that realigns the anisotropy with the inner core's bulk is likely to be
an internal one such as convective flow or an electromagnetic force whose strength varies radially. One could
speculatively appeal to a hemispherically asymmetric convective flow that entails thinning of the bound-
ary layer at the ICB or a hemispheric change in magnetic field structure that mediates crystal realignment.
Whatever its cause, an aligned anisotropic layer around the ICB seems incompatible with lateral translation
of the inner core (Alboussière et al., 2010; Monnereau et al., 2010) which, if it was occurring, would require
that highly aligned crystals result both from the approach to melting conditions in the melting hemisphere
and to freezing conditions in the crystallizing hemisphere.

Cormier (2007) found that the fabric at the surface of the ICB appears to be anisotropic, being elongated radi-
ally in the equatorial Eastern Hemisphere, whereas it appears elongated circumferentially in the Western
Hemisphere. This might create seismic anisotropy by shape preferred orientation (as distinct from the crys-
tal preferred orientation model we use), and a hemispheric modulation of the anisotropy's strength could
arise. The inhomogeneous PKiKP reflection point distribution (supporting information Figure S5), particu-
larly in the range 50 ≤ Δ ≤ 90 where anisotropy's effect is strongest on amplitudes, makes any fabric effect
hard to assess. There is some suggestion that the far eastern hemisphere is more strongly anisotropic, but it
could also be due to geographic source-receiver bias (Figure S1).

While the range dependence of the isotropic theoretical PKiKP reflection coefficients differ substantially
between PREM and AK135 (Figure 4), it is remarkable how the changes due to anisotropy can modify them
to match the proxy range dependence (Figure 5). This shows that anisotropy has a first-order effect on
amplitudes, as important as density and wave speed.

The same form of anisotropy also substantially solves the conundrum of unexpectedly high observed PKiKP
amplitudes (Koper & Dombrovskaya, 2005; Krasnoshchekov et al., 2005). Anisotropy boosts the amplitude
of the reflected P wave at the ICB by factors up to 10 times the expected one at incidence angles of 40–50◦,
where isotropic models predict low amplitudes (Figure 4) and where PKiKP is frequently reported (Figure 5).
A glassy outer core near the ICB (Cormier, 2009) explains the high amplitudes equally well but requires new
physics in the liquid state to emerge due to changes in liquid composition. Our model has the virtue of not
requiring any new properties of the inner or outer core, simply the evolution of a known solid property, the
inner core's anisotropy, as the core crystallizes. Similarly, lateral changes in the ICB's properties (Attanayake
et al., 2018; Krasnoshchekov et al., 2005) or topography (Cao et al., 2007; de Silva et al., 2017) may also
modulate PKiKP amplitudes, but anisotropy's first-order effect on amplitudes suggests that a parsimonous
approach would first attribute amplitude changes to changes in anisotropy to before invoking other effects.

Anisotropy is, however, no panacea. It is clear that even ICB anisotropy fails to explain reflection amplitudes
close to 60◦ Δ. The discrepancy may be evidence for a need to revise the isotropic properties of the ICB. Koper
and Dombrovskaya (2005) showed that zeros in the PKiKP amplitude versus distance curve are strongly
affected by small changes in P wave speed (5–10%), density (3–5%), and by more substantial changes in S
speed (∼50%). Around 60◦, the discrepancy between observed and predicted amplitudes with anisotropy
might provide further constraints on the ICB's isotropic properties.

One valid criticism of the model is the strength of the anisotropy: It is around 10% rather than the ∼3%
anisotropy found in the bulk of the inner core determined in other travel time studies. Single-crystal
anisotropy is generally much larger than polycrystalline anisotropy due to imperfect crystal alignment
(Barruol & Mainprice, 1993), and it is impossible that the inner core is a giant single crystal due to the
radial and hemispheric variation in isotropic and anisotropic properties (Song & Helmberger, 1998; Tanaka
& Hamaguchi, 1997). Hence, the ∼3% bulk anisotropy should be lower than any single-crystal value. If the
alignment mechanism operating at the ICB that creates VTI is more effective than the solid state fabric evolu-
tion that forms the bulk anisotropy, the surface anisotropy could more closely approximate the single-crystal
values. We also note that these are the best fit values, but anisotropy levels as low as 5% also rank among
the lowest 0.1% of the misfit values in the grid search range explored. An adequate model could have signif-
icantly lower anisotropy than 10%, in the 2–5% range compatible with inner core normal mode frequency
shifts (Lythgoe & Deuss, 2015).
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We use the frequency of observations of PKiKP as a proxy for PKiKP amplitude variation with distance, and,
equivalently, incidence angle at the ICB. Most of the midrange data, which constrain the strength of the
anisotropy, come from the Eastern Hemisphere. Use of the proxy is an expedient used in lieu of good ampli-
tude measurements such as Krasnoshchekov et al.'s (2005) and Koper & Dombrovskaya's (2005) over the
whole range that PKiKP exists. Amplitude measurements are rare and even then prone to scatter (Figure 5).
Skeptics will feel that the observation frequencies are doubly imperfect, being both an approximate esti-
mator and one for an intrinsically noisy wavefield attribute. The shape of the range dependence is the key
feature, however, and bears some resemblance to the sparse amplitude measurements, lending it some cred-
ibility. Hence, despite its flaws, the amplitude proxy is a useful fitting benchmark but should not be viewed
as yielding a definitive estimate of anisotropy. Rather, it demonstrates the viability of a VTI model for the
outermost inner core.

Our grid search could be extended to include the ICB density contrast, which is difficult to constrain seismi-
cally (Masters & Gubbins, 2003). It would be tempting to use the amplitude constraints we have to improve
existing inner core density models. We refrained from doing this, however, in order to show in a simple way
how strong the effect of anisotropy is on ICB reflection amplitudes. There are likely to be strong tradeoffs
between density and anisotropy due to their both having a first-order effect on amplitudes. Until a reli-
able set of amplitude observations is available, we believe the tradeoffs involved would not lead to a better
understanding of the properties of the inner core.

5. Conclusions
We showed that the inner core's apparently isotropic outermost layer might actually be anisotropic, but
with hexagonal symmetry with a radially directed symmetry axis. Models of weak (<20%) anisotropy can
lead to order-of-magnitude increases in P wave reflections off of the ICB, observed at the Earth's surface as
PKiKP at levels as low as 2–10% depending on the model. Using a proxy for the range dependence of PKiKP
amplitudes, we found an anisotropy model that closely approximates the range dependence, which is quite
different to the predicted reflection coefficients for an isotropic ICB. The best fit model has 5-10% P wave
anisotropy, which could evolve into the bulk 3% anisotropy of the inner core as its texture develops over time.
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