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Regionality of the Stratified Layer at the Core Surface in the Equatorial Region
Inferred from the CHAOS-8 Geomagnetic Model
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Geophysical observations suggest that the top of the Earth’s outer core is stably stratified. For example, Helffrich and
Kaneshima (2010) inferred from seismic analyses that the “300 km layer immediately beneath the core - mantle boundary
(CMB) is stably stratified. However, some studies argue that a globally stable stratified layer may not exist, while others
suggest that regional variations could arise from lateral heterogeneity in the lowermost mantle (e.g., Mound et al., 2019). In
this study, we investigate the regional characteristics of stratification in the uppermost outer core by analyzing short-period
secular variations of the geomagnetic field, using the CHAOS-8 geomagnetic field model (Kloss et al., 2024).

In the CHAOS-8 model, the magnetic potential due to internal sources is expanded in spherical harmonics up to degree 70.
Temporal variations of the Gauss coefficients up to degree 20 are represented by sixth-order B-splines over the period 1997.1
— 2025.1 (Kloss et al., 2024). We analyzed the geomagnetic field in the period 2000.0 — 2025.0.

Following Chulliat et al. (2015), we calculated the second time derivatives of the Gauss coefficients from CHAOS-8 and
applied a Hann window to the terms up to degree 10. Using these coefficients, we derived the second time derivative of the
magnetic field at the CMB, d?B/dt? (the secular acceleration, SA), at 0.1-year intervals. From these data, we constructed
time — longitude plots of the radial component of SA along 5° N. We then decomposed the radial SA into equatorially
symmetric and antisymmetric components and performed two-dimensional Fourier transforms in time and longitude. We
added the results at 0° , 5° , 10° , and 15° N to obtain the frequency — wavenumber spectra. The spectra showed
phenomena with periods shorter than 10 years. To investigate the SA and spectra further, we applied Butterworth filters to
extract short-period components with periods <5 years and 5 - 10 years and repeated the analysis. This also served to
examine the correspondence between the geomagnetic field variation and SA.

Chulliat et al. (2015), using CHAOS-5, reported a standing-wave — like phenomenon in the symmetric component over
the Atlantic from 2005 to 2014. Our analysis confirms that this standing wave over the Atlantic persisted until 2020. In
addition, we found a standing-wave — like feature over the Pacific from 2012 to the early 2020s. The characteristics of
the standing waves differ between the Atlantic and Pacific. In the antisymmetric component, westward-propagating waves
similar to those reported by Chulliat et al. (2015) were observed in the Pacific, although their characteristics differ from
those in the Atlantic.

These wave-like features may be explained by magnetohydrodynamic waves propagating zonally within a stably stratified
layer at the top of the outer core. Bergman (1993) analytically derived the dispersion relation of equatorial magnetic
Rossby waves using a two-layer density model representing an equatorial stratified layer. We assumed that the differences
in short-term geomagnetic variations between the Atlantic and Pacific are due to differences in stratification thickness and
applied Bergman’s dispersion relation to estimate the stratified layer thickness in both regions. The results suggest that the
stratified layer in the Atlantic is thinner than that in the Pacific. However, Bergman’s solution was derived for a simplified
system and the waves are strongly damped. It remains uncertain whether his dispersion relation can be directly applied to
our analysis.

To obtain more realistic estimates of the stratified layer thickness from the observed spatiotemporal spectra, it will
be necessary to compute theoretical dispersion relations through numerical modeling of magnetohydrodynamic waves,
assuming equatorial stratification.
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