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1 Robustness tests for splitting function observations

In order to assess the potential of measuring mantle anelastic structure and the robustness of d;
measurements, we designed a set of tests!. These tests evaluate our ability to recover 3D anelastic-
ity splitting functions from synthetic data, as well as the dependence of the d,; values on potential
uncertainties or systematic bias in the earthquake magnitudes.

In our first test!, we evaluate the ability of our method to recover anelastic splitting functions
from synthetic spectra, when the d; amplitude is much smaller than the c;; amplitude. We use the
elastic splitting function predictions of the v, mantle model S20RTS?, together with three different
3D anelastic splitting functions obtained by scaling S20RTS using the relationship 6@;1 = R, vy /v,
and R, = —0.2,0,0.2. We follow the inversion steps previously outlined. In all cases we are able
to recover both the input elastic and input anelastic splitting functions. In the particular case of the
zero 3D anelastic input model (i.e. R, = 0), our recovered measured synthetic d,: coefficients are
non-zero, but negligible. Furthermore, the amplitudes of the recovered anelastic splitting functions

are only slightly smaller (less than 10%) than the amplitudes of the input anelastic splitting functions.
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Thus, the effect of the damping in the inversion on reducing (and potentially underestimating) the
anomalies of the recovered splitting functions is minimal. In addition, we also tested a 3D input
anelastic splitting function that holds no correlation to the elastic splitting function predictions of
S20RTS, and again we are able to recover both the input c; and d; coefficients.

In our second test!, we investigate the effect of the earthquake magnitude on the anelastic splitting
function measurements. From previous studies®*, we know that unaccounted 3D mantle elastic het-
erogeneity may alter the scalar moment M, of the moment tensor solution by up to 10%, when com-
pared to the solutions published in the Global Centroid Moment Tensor database (www.globalcmt.org).
We first introduce M variations that are random and do not take into account the specific location of
the earthquakes. To generate the synthetic data, we vary the M, of all earthquakes used in this study
randomly between +£2% and 4+10%, which is much larger than the reported uncertainties. We again
include the previously mentioned zero 3D anelasticity model, as well as a globally correlated and an
anti-correlated model to calculate the synthetic spectra. We then use the unaltered M, values when
measuring the elastic and anelastic splitting function coefficients. We find that when 3D anelastic
structure (R, > |0.1|) is present, we are able to recover the input d;. At the same time, it is important
to note that in our tests with zero 3D anelasticity input (R, = 0), we retrieve d; structure that is
non-zero and branch consistent, but again negligible.

Next, we explore earthquake location dependence. To evaluate location dependent M, varia-
tions, we include a random increase in M, magnitude for earthquakes located near oceanic ridges or
trenches and a random M, decrease for continental earthquakes, while oceanic floor earthquakes are
given either a random increase or decrease in M, magnitude*. When taking into account location de-
pendent M, perturbations in combination with a zero 3D Q;l input model, we again measure ‘ghost’
structures in a branch consistent manner. The size of the d; ghost patterns is small, in most cases less
than 5% of the c.; values.

In our last test', we investigate if our 3D anelastic measurements are not the result of a local
minimum, and if there is enough information in the data to move away from the starting model and

not stay too close to it in the inversion. In order to do this, we test the effect of different starting models
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on our anelastic splitting function measurements. We find that using an anelastic starting model either
correlated (2, = 0.2) or anti-correlated (12, = —0.2) to the 3D elastic model S20RTS or even PREM,
does not influence our final d,; observations. We always arrive at the same d, coefficients within the
measurement’s uncertainties. This means that we do not need to include any a priori assumptions
about the relationship between elastic and anelastic structure in order to measure 3D anelasticity, and

therefore we always start our dy; measurement from PREM.
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