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Supplementary Materials

Supplementary Text

Text S1: Seismic attenuation mechanism and grain size effects

In this study, we have mainly interpreted seismic attenuation with the Andrade -pseudoperiod
attenuation model of Faul & Jackson (52) (FJ10) (Figure S6). But we also tested the effects of
other mechanisms, such as the pre-melting model of Yamauchi & Takei (60) (YT16). We used
YT16 to estimate the spatial variation of Q-1 based on our thermal models of the Lesser
Antilles subduction zone. We use the parameters that YT16 proposes for matching the oceanic
VS from the global Priestley and McKenzie model. Although the predicted attenuation values
would vary depending on the tomographic model used to set the parameters, the pattern as a
function of temperature will not change. Our model predicts virtually no attenuation (1000/QS
~ 0.1) for most temperatures predicted for the subduction zone (see Figure S17); it reaches a
minimum 1000/QS = 7.5 in the core of the mantle wedge when temperatures reach ~90% of
a damp mantle solidus. Although pre-melting may be a relevant mechanism, this model alone
seems to lack other intrinsic attenuation mechanisms that are important at lower temperatures,
and it can not explain most subduction zone Q-1 results. Also with the YT16 model,
temperature alone doesn’t explain our lowest observed 1000/QS of ~20. We also tested other
more temperature-sensitive attenuation models: Qg from Goes et al. (80) and FJO5. Neither
of these models are able to explain the lowest Q values with just temperature, unless water
significantly enhances temperature sensitivity which has been argued to not be the case (24).
The Qg model is less well constrained by experimental data than the FJ10 (52) model (which
supersedes FJO5). FJ10 has also been found to be consistent with attenuation measured in
mature Pacific oceanic lithosphere at the NoMelt experiment. Therefore, we continue to favour
our original interpretation of melt in the mantle wedge.

Figure S18 compares the probability distributions of melt fraction and temperature for the
seismic properties of the back-arc mantle wedge of Dominica using the Andrade-pseudoperiod
model (52) and the pre-melting model of YT16 in the Very Broadband Rheology (VBR)
calculator (53). The pre-melting model results in two probable temperature-melt fields: either
high temperature (~1500°C) with a very low melt fraction or a lower temperature of ~1300°C
with a melt fraction similar to that predicted by the Andrade-pseudoperiod model (~0.02).
Given the predicted maximum mantle wedge temperature of ~1350°C in our thermal models
for the Lesser Antilles subduction zone, we prefer the higher melt fraction model.

Although the joint V, Q distribution exhibits a very weak preference for larger grain size and
although the grain size effect produces only small differences in the predicted Q-1 structure,
we opted for a 1 mm grain size in our preferred thermal model in Figure S6. To investigate
further, we imposed two different log-normal prior models of Imm & 1cm in VBR, and we can
see some differences in temperature - melt fraction space (Figure S19). The larger a priori
grain size requires a higher temperature of ~1400°C and smaller melt fraction of ~0.01-0.02.



Supplementary Tables

mantle (more
attenuating)

Cluster # | Spatial domain | Ve (km/s) | Vsv (km/s) | Ve/Vs 1000/Qs | Q«YQut

1 Backarc 7.86 4.40 1.78 8 0.8
asthenosphere
mantle (less
attenuating)

2 Cold boundary 8.09 4.50 1.78 4 139
layer and slab

3 Forearc mantle 7.91 4.44 1.77 4 1.3
corner and slab

4 Backarc 7.94 4.43 1.79 13 0.6
asthenosphere

Table S1: Centroid seismic properties based on k-means clustering using 4 clusters.
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Figure S1. Example of t* inversions for an M, 4.1 event on 2016-09-08T21:39 at 182 km depth. a) Map shows the event and station locations with spectra
plotted in c). b) t* inversion misfit as a function of P-wave corner frequency. The red star gives the best-fitting corner frequency used for computing t*. c) Each
sub-panel comprises the displacement waveforms (top) and spectra (bottom). The top row shows P-waves; the bottom shows S-waves. Stations SI15 are DP19
are OBSs in the backarc; DP10 is an OBS in the forearc; ILAM is an onshore station on the volcanic arc.
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b) Checkerboard tests
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Figure S2. Resolution estimates for the 2-D attenuation models based on model resolution matrix
analyses (a) and checkerboard tests (b) P-wave results are shown in the left-hand columns; S-waves
on the right. The cross-sections correspond to A-A’ shown in Figure 1. In (a), low spread values and
symmetric smearing contours indicate regions of the best resolution. We use two checkerboards: a
coarse and a fine one. The thick white line shows the good resolution limit from (a). Small white
crosses are model inversion nodes. White circles are event hypocentres; white triangles are the
locations of seismic stations projected onto the cross-section.
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Figure S3. Same as Figure 2, but showing the relative changes in P-wave velocity relative to a 1-D
reference model (37) in the bottom-left panel.
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Figure S4. Cross-plots comparing seismic attenuation and velocities. The top row shows Vp/Vs from
LEV-LB22 (43) plotted against (a) 1000/Qs in the mantle wedge and (b) Qu/Q« at 140-160 km depth in
the wedge. The bottom row shows wedge S-wave velocities from (c) teleseismic rayleigh wave imaging
from RLH-NH21 (45) and (d) from Vp and Vp/Vs in LEV-LB22, plotted against 1000/Qs. The r-value
labelled gives the Pearson correlation coefficient. Scatter points are sampled from the 3-D attenuation
and velocity models using a 4 km spacing. Red lines show linear fits to the data.
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Figure S5: Similar plot to Figure 5a, showing a synthetic restoring resolution test for the 2-D
attenuation model. This test explores whether a high 1/Q anomaly in the location of the observed high
Vp/Vs anomaly is resolvable.
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Figure Sé. Left: predicted 2-D thermal structure beneath Dominica along the LAA using a decoupling depth of 120 km, plate convergence velocity of 2 cm/yr,
and a grain size of 1 mm. Second panel: the predicted Q; structure based on the thermal model using the FJ10 attenuation model (52). Third panel: recovered
synthetic Qs structure after inverting synthetic t* data. Fourth panel: comparison to the 2-D Q; model using the real data as presented in Figure 2.
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Figure S7. Probability distributions of melt fraction and temperature for the back-arc mantle wedge of
Dominica. We use an ensemble weight of the joint probability distribution for two anelastic methods:
the Andrade-pseudoperiod and modified Burgers models (52). We use the depth range of 65 km to
105 km compute averaged representative seismic properties (1000/Qs = 16; Vs = 4.3 km/s).
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Figure S8: Event magnitudes. a) Comparison between local magnitude from our input catalogue (37)
with our computed moment magnitudes from P-wave spectra. b) Comparison between moment
magnitude from P- and S-wave spectra, respectively. In both cases, the dashed black line shows a 1:1
relationship.
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Figure S9: The effect of window length on the number of good-fitting t* observations retrieved. The
dashed black line indicates the optimum window length used of 3.0 s for both P- and S-waves.
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Figure S10: P-wave site effects of all stations that have at least 6 observations. For each panel, each
grey line indicates the residual spectrum for each t* observation. The red line shows the overall site
effect, which is the median of all residual spectra. The blue line shows the standard deviation from the
median. The number given after the station name (n) in the title for each subplot shows the number of
traces used for that site. Station names with the prefix DP and Sl are OBSs; others are land stations.
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Figure S11: S-wave site effects of all stations. This figure is plotted in the same way as Figure S10.
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Figure S12. Testing the effects of key assumptions on the 2-D tomographic inversion for Qs The top
panel shows the inversion result if we do not remove the average station spectra (Figure S11) when

computing t* values. The bottom panel shows the inversion result if we assume S-wave corner
frequency, fes = fop/1.5, compared to our main inversion in which fes = fep.
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Supplementary Data Files

Data File S1: Other VoilA (Volatiles in the Lesser Antilles) consortium members.
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