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Figure 10. On the relevance of using an irregular parametrization for a joint inversion of normal-mode and body-wave data. Zoom-in on the Farallon
subduction, as imaged in our joint model within the 660–1710 km depth range. Features F1, F2 and F2+F1 are described in Section 6.3. Several short-scale
features are marked with dashed-line ellipses in panels (a)–(c). Inset frames, on the left-hand side, show the corresponding joint model from which all the
spherical-harmonic components of degree greater than 40 have been filtered out. Note that the features marked with ellipses, such as the elongated slab fragment
F1 at 960–1110 km depth, cannot be seen without using a lateral parametrization that goes well beyond degree 40.

lowermost mantle (Zaroli et al. 2010); (3) mode-coupling of the
Earth’s free oscillations to better constrain the long-wavelength un-
even degree structure of the mantle (e.g. Resovsky & Ritzwoller
1999), as well as other single spheroidal modes. Increasing our
data sets will imply to compute an updated tomographic grid that
is adapted to the new data constraints. Moreover, as shown in
Figs 4(c) and (g), to better exploit finite-frequency effects in body-

wave (and/or surface-wave) data, the minimum spacing of nodes
should ideally be further decreased, to deteriorate less the corre-
sponding sensitivity kernels. Note that refining the irregular grid
to potentially reach about 50–100 km of lateral resolving-length
in particular mantle regions, such as subduction zones, would only
imply a moderate increase of the total number of nodes, while it
could be out of reach if using uniform basis functions such as the
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spherical harmonics. Finally, it would be interesting to test the per-
formance of alternative parametrizations, such as those based on
wavelets (e.g. Simons et al. 2011; Chevrot et al. 2012; Charléty
et al. 2013) or harmonic spherical splines (e.g. Amirbekyan et al.
2008), which are still in their infancy for global-scale tomographic
purposes.

7 C O N C LU S I O N

Global-scale tomographic models should aim at satisfying the full
seismic spectrum, from the lowest to the highest frequencies. In
this study, we have built a model of isotropic 3-D variations of
shear velocities in the mantle, derived from data including periods
in the 332–2134 s range for normal modes and 10–51 s for body
waves. Though spherical harmonics naturally appear when consid-
ering the Earth’s free oscillations, we have shown that progress
towards higher resolution joint tomography requires a movement
away from such uniform parametrization to overcome its compu-
tational inefficiency to adapt to local variations in resolution. The
heart of this work has been to show how to include, for the first time,
normal modes into a joint inversion based upon a non-uniform lat-
eral parametrization, using an irregular tomographic grid optimized
according to ray density. It has essentially consisted in efficiently
computing the projection of 3-D normal-mode sensitivity kernels
onto a parametrization made up of spherical layers spanned with
irregular Delaunay triangulations.

Tomographic results have been focused on the 400–2110 km
depth range, where our current data coverage is the most relevant.
The obtained joint model does not significantly deteriorate the fit
of one data set to the detriment of the other, which demonstrates
our ability to map into the model multiscale structural informa-
tions from data at both ends of the seismic spectrum. For instance,
the long-wavelength sensitivity of normal modes helps to remedy
the local lack of body-wave information. We have discussed the
potential of a better resolution where the grid is fine, compared
to spherical harmonics up to degree 40, as the number of model
parameters is similar. Our joint model seems to contain coherent
structural components beyond degree 40, such as those related to
the complex Farallon subduction system.

We conclude that using such an irregular grid, locally adapted to
the spatially varying resolving length of the data, is a computation-
ally efficient approach for building new global-scale tomographic
models that will better satisfy the full seismic spectrum. A wider
application of this joint inversion workflow should then primar-
ily consist in adding surface-wave data and extending our sets of
normal-mode and body-wave data, which holds promise for a better
understanding of the Earth’s interior at various spatial scales.
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