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Introduction

This supplementary file contains additional text and figures to support the main text, including
resolution test results, absolute velocity cross-sections, and comparison with the reference model.
Text S1. Resolution analysis

Overall, the final shear-wave velocity model from the full-wave ambient noise tomography is
greatly improved compared to the reference model, showing more details below the volcanic island
(Figure S2). The maximum resolvable depth is determined by the array’s aperture (nominally
about 10 km). However, limited by the sparse station coverage, we could only resolve seismic
features at a horizontal scale of about 3.5 km and above within the top 5-6 km (Figures S3
and S4a-S4b). Figure S4c¢-S4d in the supplement shows that the overall geometry of L1 can
be recovered with about 20-30% amplitude recovery above the depth of 5 km. The velocity

anomalies below the depth of about 5 km, including the low-velocity L2, are mainly carried from
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the reference model (Figure S2a-S2c¢ in the supplement) and are poorly resolved by the current
data coverage. In terms of amplitudes of the anomalies, we could resolve about 20% of the input
velocity perturbation in the top 3-4 km, decreasing to about 10-15% at greater depths. This
suggests that while the key relative velocity perturbation patterns could be resolved at a scale
of 3.5 km and above, the amplitudes of the velocity anomaly might be greatly underestimated.
The underestimation of the perturbation amplitudes is partly due to the damping and smoothing
operations as needed to stabilize the inversion process. Informed by the resolution test results,
we limit our discussion to those velocity features with a horizontal scale of >3.5 km and a vertical
scale of > 2 km.
Text S2. Minor contributions to shear-wave velocity reduction from no-melt mech-
anisms

The contribution of a temperature anomaly and active fractures to the reduction of shear-
wave velocity is negligible. The surface heat flow at the Great Sitkin island, with a sample
location northwest of the edifice, is about 97 mW/m?, similar to the measurements at most of
the active Alaska volcanoes (Batir et al., 2016; Batir, 2017). With only one data point, we
don’t have control over the lateral variation of the surface heat flow and subsurface temperature
anomalies across the island. Some geothermal features, including fumaroles, mud pots, and
hot springs, are only observed at the southern flank of the edifice, away from the imaged low-
velocity anomalies. The reduction of shear-wave velocities is about 0.5% per 100°C relative to
the average shear velocity of 3.65 km/s for a variety of dry rock types (Kern et al., 2001). To
fully account for the 10% velocity reduction for L1 and L2 anomalies, with a surface temperature

of 20°C, the estimated temperature anomaly would be about 2000°C, which is unrealistically
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high and is much higher than the melting temperature for minerals in the dry andesite. Even
with an extremely high geothermal gradient of 100°C/km as in some active volcanoes (Lowell
et al., 2014), the temperature at 4 km depth would be 420°C. This is about 300°C higher than
the temperature computed with a geothermal gradient of 25°C/km, contributing to about 1.5%
shear-wave velocity reduction. On the other hand, the lack of earthquakes within the imaged
low-velocity anomalies rules out the existence of active fractures as a major contribution.
Text S3. Parameters in estimating the melt fractions for L1 and L2 low-velocity
anomalies

At the Great Sitkin island, the volcanic deposits are dominantly andesite and basaltic andesite
(Miller et al., 1998; Loewen, 2021). Following the procedures and computer codes by Paulatto
et al. (2022), we compute the melt fractions for the L1 and L2 low-velocity anomalies (Figure
S5). The shear-wave velocity ranges for L1 (1.5-2.1 km/s) and L2 (2.2-2.6 km/s) are estimated
between 2-4 km depth and 4-5.5 km depth, respectively, from Figure Sla. We use the Python
Jupyter notebook by Paulatto et al. (2022) to compute the melt fraction curves modified for
andesite at a depth of 4 km with a density of 2.627 g/cm?® (about the pressure of 100 MPa).
We use 5.445 km/s and 3.005 km/s as the P- and S-wave velocities, respectively, for andesite
crystals, as extrapolated based on a second-order polynomial fit of the values in Christensen
and Stanley (2003). For dry molten andesite rocks, we use a density of 2.55 g/cm?® and a P-
wave velocity of 2.594 km/s, scaled down from the value by Ueki and Iwamori (2016) at 1 GPa.
S-wave velocity is zero for the pure melt. We use two methods, the Self-Consistent Scheme
method (Figure Sha) (e.g, Berryman, 1998; Paulatto et al., 2022) and the Differential Effective

Medium method (Figure S5b) (e.g., Norris, 1985; Avellaneda, 1987; Paulatto et al., 2022), to
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estimate the uncertainties in melt fractions. We compute the melt fractions with a range of
spheroidal melt inclusion aspect ratios for dry andesite. We adopt the aspect ratio of 0.1-0.15
(Takei, 2002) to calculate the most probable range of the melt fractions associated with the L1

and L2 anomalies. The melt fractions are about 0.23+£0.1 and about 0.1140.05 for the L1 and

L2 anomalies, respectively.
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Figure S1. Vertical cross-sections of the shear-wave velocity model between 1-6 km depths
showing the absolute velocities. Gray circles are magnitude > 0 earthquakes between 5/1,/2020
and 5/24/2021, projected within about 2 km of each profile. Earthquake swarms associated with

the 5/26/2021 eruption are also projected with the same parameter. See Figure 2¢ in the main

text for profile locations.
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final model by this study. The projected earthquakes are the same as in Figure S1. See Figure

2c¢ in the main text for profile locations.
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Figure S3. Checkerboard resolution test results. (a) Input checkerboard model at all depths

with a perturbation of £10%. (b)-(f) Recovered checkerboard results with the input model in
(a) at depths of (b) 2.2 km, (c) 2.8 km, (d) 3.4 km, (e) 4.1 km, and (f) 5.4 km. The triangles

are the seismic stations. Different color ranges are chosen in (b)-(f) to highlight the recovered

checkerboard patterns.
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Figure S4. Recovery test results with input models on the left and recovered models on the
right. (a-b) A layered model with a thickness of about 3.5 km. (c-d) Results for input low-
velocity anomalies simulating the two low-velocity anomalies (L1 and L2) observed in Figure 2d

in the main text.
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Figure S5. Estimates of the andesite melt fractions for L1 (red star) and L2 (blue star) low-
velocity anomalies using two different methods. (a) The relationship between melt fraction and
shear-wave velocities estimated using the Self-Consistent Scheme method (e.g, Berryman, 1998;
Paulatto et al., 2022). (b) Same as (a) but using the Differential Effective Medium method (e.g.,
Norris, 1985; Avellaneda, 1987; Paulatto et al., 2022). The curves in (a-b) are color-coded by
the aspect ratios («) of the spheroidal melt inclusions. The gray shaded area marks the aspect
ratios suggested by Takei (2002). The red and blue shaded areas mark the ranges of shear-wave

velocities for L1 and L2 anomalies, respectively.
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