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Abstract

The Aleutian arc is of considerable interest for geophysical and geologic
investigations due to an abundance of 53 historically active volcanoes with several
eruptions per year. Characterization of crustal magma storage depths and establishing ties
to laterally variable subduction processes along the arc have been challenging due to the
remote and harsh environment. In 2019, the Alaska Volcano Observatory conducted
upgrades to the seismic network on Gareloi and Kanaga volcanoes in the Andreanof
Islands. These wupgrades increased the number of three-component broadband
seismometers at these volcanoes to five and six, respectively. While these volcanoes are
located only ~100 km from each other, there are key differences in observed seismic
activity. While both have seismicity persistent through the upper- to mid-crust, Gareloi’s
rate of low-frequency seismicity is higher, and it is relatively devoid of volcano-tectonic
earthquakes. To better understand what this might imply for crustal magma storage, we use
the receiver function (RF) technique to provide independent constraints on subsurface
magmatic system geometry.

We calculate RFs from teleseismic earthquakes with >M5.5 from 2019 to 2023. We
use the P-to-S converted phases to constrain depths and velocities of abrupt boundaries in
the crust related to magmatic structure. Both Gareloi and Kanaga provide good targets for
this technique; each station produced on average ~419 RFs with overlapping ray path
coverage between stations. We observe arrivals consistent with features in the mid-to-deep
crust (~12-25 km depth) at both volcanoes. In addition, the RFs display complex patterns

of back azimuthal variability that vary across stations at an individual volcano. We aim to



interpret these complex arrivals and compare magma storage at the two volcanoes through

forward modeling constraining crustal velocities.

Vi



Table of Contents

ACKNOWICAZEIMENLS .cuuerrriisueiiseensnnssrensnnssaecssnnssseessnssssesssnssssessssssssessssssssesssssssassssassssasssns iv
ADStract.....ceceecseecseenseecnnes v
Table Of CONLENLS ..ccuuerierverinisriesssencssnncssnicsssnicsssnesssssessssssssssssssssssssssssssssssssssssssssssssssssssss vii
LISt Of TADIES cccuueeeniiiiiiniiiticniinnintecntensnnisnensseesssecsssesssessasssseessssssssssssssssasssssessassssesss viii
LSt Of FIUI@S.cuciiuuiiiiniiinnnicsnnicssnnicssnniesssnicsssnsssssnesssssessssessssssssssssssssssssssssssssssssnsssssssssses ix
List 0f ADDIeVIAtiONS ....ccocueieiciicsinicssnnicssnicssnnisssnnessssnssssssssssssssssssssssssssssssssssssssssssssssssses xi
Chapter 1: Introduction 1
Chapter 2: Methods .....ccceiirvverineeicssnicssnicssanicsssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 5

2.1 Instruments and Data..........cccoeieiiiieee e ettt 5

2.2 Receiver FUNCHON ANALYSIS......cciciieiierieiiieiieieeieeieestesae e ereeseesseesseeseaesssessseesseesseesses 8
Chapter 3: ReSUILS....uuiiiiiiriericnissniicssssnsicsssssnsecsssssssasssssssssssssssssssssssssssssssssssssssssssssssssssass 12

3.1 Directional Variability .........ccceccieriiriiiiiiiiee ettt sttt 12

3.2 Synthetic MOAEIING .......cccuiiiiiiieieie ettt sttt et e s e s 19
Chapter 4: DiSCUSSION cc.ueiieeiseiiieicseisseenseisssissnsssnecssessssesssesssssessnssssssssssssssssssssssssssesssse 26
Chapter 5: Conclusion .28
Appendix A: Cross-Correlation PIots .........ueeieeeniinseiiseinseenseinsenseccssecssenssnessacesn 30
Appendix B: 2-layer RMSD Plots 33
REfEIENCES c..ccueeinriiriiiniitiitictinnnintnntictiissesseessesssississssssssesssssssssssssssssessssssssssssasssss 41

vii



List of Tables

Table 1: Station Metadata

Table 2: Number of RFs Used in this Study

viii



List of Figures
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RFs across the six stations prior to quality control.
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Figure 5: Scatter plots of (A) Gareloi and (B) Kanaga of the maximum and minimum
amplitudes of depth migrated 15° binned RFs (at all stations at a volcano) versus depth and
organized by direction towards the volcano, with 0° facing towards the volcano and -180°
and 180° facing away from the volcano, with angles increasing clockwise. Triangles are
maximums, and circles are minimums. Blue represents positive polarity, and red represents
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Kanaga and ray path coverage plot.
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Chapter 1: Introduction

Processes along volcanic arcs result in variable magmatic structures within the
overlying crust above the subducting slab. Often, multiple factors contribute to the
abundance of or absence of geophysical indicators of magmatic storage and subsequent
eruption frequency and pattern, with local seismicity being an indicator of such phenomena
(Buurman et al., 2014). Examples that contribute to the variable magmatic crustal structure
include parameters such as the age of the subducting slab, convergence rate, crustal stress
regimes, crustal thickness, magma composition, and inclusion of water via fracture zones
or through sediments (Buurman et al., 2014; Larsen, 2016). Furthermore, the pathways
magma and gases traverse within the crust may be complicated by magma differentiation,
magma degassing and crystallization, and alterations of viscosity and temperature, all of
which impact the depths of crustal magmatic storage beneath arc volcanoes (Larsen, 2016).
The nature of crustal magmatic storage along subduction zones is not fully understood;
further research at specific volcanoes of interest along arcs is beneficial to understanding

these relationships.
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Figure 1: Map of the Aleutian arc with yellow arrow labels showing the subduction direction of the Pacific
plate beneath the North American plate. The two volcanoes of interest, Gareloi and Kanaga, are located
near the center of the arc.

The Alaska-Aleutian volcanic arc is an excellent location for along-arc geophysical
and geologic investigations of crustal magmatic storage due to its 53 historically active
volcanoes with several eruptions per year (Dixon et al., 2019). The arc extends for ~4000
km, spanning from Kamchatka Peninsula, Russia, in the west to mainland Alaska in the
U.S. in the east. It is the result of the subduction of the Pacific Plate beneath the North
American Plate (Buurman et al., 2014), with convergence rates ranging from 5.7 to 7.7
cm/yr (Figure 1). Subduction transitions from near-perpendicular to oblique from east to
west, with the far western end nearly a right lateral strike-slip (DeMets et al., 2010). To the
west of 172°W, the crust of the forearc can be divided into crustal blocks that rotate
clockwise, leading to areas of local crustal compression and extension along-strike (Geist

et al., 1988). The arc also subducts two fracture zones: the Aja Fracture Zone to the east



and the Amlia Fracture Zone near the center of the arc (Ryan et al., 2012; Maus et al.,
2009). Both fracture zones are bathymetric highs that are thought to be associated with
increased subducted sediment and/or mantle serpentinization, which contribute to
increased magmatic flux (Buurman et al., 2014; Singer et al., 2007). Furthermore, there is
along-arc variability in regional magma composition, from more felsic in the east to more
mafic in the west (Buurman et al., 2014). This complexity along the Aleutian arc makes it
an excellent candidate for further investigation of the impacts of subduction properties on
crustal magma storage.

Here, we examine two active, proximal Aleutian volcanoes with distinctive
eruptive histories, Gareloi and Kanaga, with the goal of better understanding their
subsurface magma storage structure. Gareloi and Kanaga are located in the Andreanof
Islands in the central Aleutians and are both excellent candidates for seismic imaging.
Gareloi is a stratovolcano that has two summits reaching ~1570 m in elevation and
overlooks a 4 km-long southeast-trending fissure consisting of 13 craters created by a 1929
eruption. In recorded history, there have been 12 confirmed eruptions, with the most recent
eruption in 1989 (Miller et al., 1998). Three submarine avalanche debris located north,
northwest, and east of the volcano are indicative of edifice collapse (Coombs et al., 2007).
In comparison, Kanaga is a stratovolcano located on Kanaga Island. It is situated within
the Kanaton caldera, which forms a 760 m high ridge on the southeast side of the volcano
and a 30 km submarine avalanche debris on the north-northwest side of the caldera (Miller
et al., 1998; Coombs et al., 2007). It has been determined that Kanaga underwent 18
confirmed Holocene eruptions, with the latest eruption in December 2023 (Global

Volcanism Program, 2023). The two volcanoes have markedly different patterns of



seismicity beneath their edifices. Gareloi predominantly experiences low frequency
earthquakes of magnitude 2—3, whereas Kanaga frequently experiences volcanic-tectonic
earthquakes with magnitudes less than 1 (Buurman et al., 2014). Despite these intriguing
variations, geophysical research into these remote and uninhabited volcanic islands is
limited. Recent upgrades by the Alaska Volcano Observatory (AVO) in 2019 replaced 1-
component short-period instruments with 3-component broadband seismometers. This
enables us to use the seismic receiver function technique to constrain crustal magmatic
structures beneath the two volcanoes for the first time. We use both real and synthetic
receiver functions to create a simple velocity model beneath the volcanoes and compare

them. This comparison will provide insight into regional subduction trends.



Chapter 2: Methods

2.1 Instruments and Data

We analyze seismic data from all broadband, three-component seismic stations
installed at Gareloi and Kanaga volcanoes. At Gareloi, five stations are installed encircling
the volcano summit, located within a 4.6 km radius (Figure 2). At Kanaga, there are six
stations in total. Five are deployed central to the summit, within 7.9 km, but one station
(KIMD) is located ~18.5 km south-southwest of the summit. All stations are part of the
permanent AVO seismic network (network code, AV). These permanent instruments
telemeter real-time data, which is archived at the EarthScope Data Management Center

(DMC). See Table 1 for more information on each station.

A. Gareloi

Figure 2: (A) All five stations on the island volcano Gareloi. (B) All six stations on the island of Kanaga.
Notice that station KIMD is the most southern station, located ~18 km from the volcano edifice.



Table 1: Station Metadata

Station

Instrument/Channel

Latitude

Longitude

Station
Elevation

(m)

Distance to
Edifice
(km)

GAEA

Velocity Sensor
(BHE, BHN, BHZ);
Pressure (BDF)
[50.0 Hz]

51.7819

-178.7488

326

3.2369

GALA

Velocity Sensor
(BHE, BHN, BHZ);
Pressure (BDF)
[50.0 Hz]

51.760629

-178.77365

315

3.5534

GANE

Velocity Sensor*
(BHE, BHN, BHZ);
Pressure™*

(BDF) [50.0 Hz]

51.817787

-178.77859

325

3.2664

GANO

Velocity Sensor*
(BHE, BHN, BHZ)
[50.0 Hz]

51.8192

-178.80580

451

3.3467

GASW

Velocity Sensor*
(BHE, BHN, BHZ);
Pressure™*

(BDF) [50.0 Hz]

51.777633

-178.856549

248

4.5171

KICM

Velocity Sensor*
(BHE, BHN, BHZ)
[50.0 Hz]

51.91896

-177.19559

183

1.9447

KIKV

Velocity Sensor*
(BHE, BHN, BHZ)
[50.0 Hz]

51.878494

-177.17061

411

4.9521

KIMD

Velocity Sensor*
(BHE, BHN, BHZ)
[50.0 Hz]

51.761504

-177.235207

173.1

18.5416

KINC

Velocity Sensor*
(BHE, BHN, BHZ);
Pressure™*

(BDF) [50.0 Hz]

51.93147

-177.1275

203

2.9324




KIRH | Velocity Sensor* 51.89981 -177.0937
(BHE, BHN, BHZ)
[50.0 Hz]

321

5.7117

KIWB Velocity Sensor* 51.853 -177.15094
(BHE, BHN, BHZ)
[50.0 Hz]

244

7.8712

*Trillium Compact, 120 s, 754 V/m/s-Centaur, 40 vpp
**Chaparral 64-UHP2 infrasound 0.01 V/Pa

We analyze seismograms from > M5.5 teleseismic earthquakes with epicenter-to-

station distances of 20—100° that occurred between June 2019 and May 2023 (Figure 3). A

total of 776 earthquakes meets these criteria at Gareloi and 711 at Kanaga. Data is

downloaded from the EarthScope DMC (last accessed May 2023). We cut the seismograms

to 10 s preceding and 90 s after the predicted P-wave arrivals using the AK135 global

model (Kennett et al., 1995). The data are then downsampled to 25 samples per second

using an anti-alias filter, demeaned, detrended, filtered using a bandpass from 0.07 to 2 Hz,

and rotated into the vertical-radial-transverse (ZRT) coordinate system.




A Gareloi B Kanaga

Figure 3: Earthquake event map of teleseismic events 20—100° used for RF analysis. (A) Gareloi used 776
unique earthquake events to produce 5312 RFs across the five stations prior to quality control. (B) Kanaga
used 711 unique earthquake events to produce 6789 RFs across the six stations prior to quality control.

2.2 Receiver Function Analysis

We calculate receiver functions (RFs) from the processed teleseismic earthquake
seismograms using the time iterative deconvolution method (Ligorria & Ammon, 1999),
using a Gaussian width equivalent to a low-pass filter of 0.5 Hz. We employ a series of
quality control steps to remove low-quality RFs from our dataset. First, we calculate the
signal-to-noise (SNR) ratio of the bandpass filtered seismograms based on comparing 10 s
of pre-signal noise to 90 s of signal and discard RFs that have SNR < 3 on the R or Z
components. We also discard any RFs that correspond with seismograms that show signs
of station malfunctions. Finally, we visually inspect the RFs, and discard those that have
significant long-period noise, anomalous reverberations, or negative or low-amplitude first
arrivals. After quality control, 2995 total RFs were retained, with a mean of 251 and 290

per station at Gareloi and Kanaga, respectively (see Table 2). Overall, most earthquakes
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Table 2: Number of RFs Used in this Study

Station Calculated RFs RFs Used in Data Analysis
(After Quality Control +
SNR > 3 + bin size > 5)

GAEA 1070 170

GALA 1139 360

GANE 1052 187

GANO 1070 218

GASW 981 321

KICM 1097 263

KIKV 1125 329

KIMD 1135 278

KINC 1176 304

KIRH 1123 241

KIWB 1133 324

Total: | 12101 2995

We apply a moveout correction to account for differences in the arrival time of

phases in the RFs as a function of the ray parameter, and migrate them to depth. We use a

constant velocity model for simplicity, assuming an average crustal Vp = 6.5 km/s and Vs

= 3.7 km/s, broadly consistent with prior velocity constraints along the arc (Shillington et

al., 2004; Janiszewski et al., 2013). This allows us to estimate the ray-path coverage of the

RFs through the crust. The depth-migrated RFs are stacked into 15° back-azimuth bins to

emphasize coherent signals (minimum bin size of 5 RFs). Based on previous observations

of RFs in the vicinity of volcanoes (e.g., Janiszewski et al., 2020), we anticipate local

changes related to magma storage, which contradicts our 1-D velocity assumption.

10




However, within an individual 15° back azimuth bin, any deviations from our 1-D velocity
assumption should affect data from that bin consistently. Thus, we do not directly interpret
the depth of arrivals in terms of structure in this step. Instead, we use the depth migration
to consistently stack RFs in a given back azimuthal bin and then analyze the RFs for

patterns in their similarity.

11



Chapter 3: Results

3.1 Directional Variability

We examine the back azimuthal variability of the depth-migrated RFs to provide
insight into the crustal structure beneath each volcano using a variety of different
approaches. We extract the maximum and minimum RF amplitude between 5 and 40 km
depth, as well as its corresponding polarity and depth, for each of the 15° back azimuthally
binned RFs at all stations. Furthermore, we convert each back azimuthal bin to “direction
toward the volcano” based on the ray path direction and the back azimuth between the
individual station and volcanic edifice. A direction of 0° faces towards the volcano, and -
180° and 180° faces away, with angles increasing clockwise. We then plot the maximum
and minimum RF amplitudes as a function of their corresponding direction relative to the
volcano (Figure 5). We visually identify patterns in the depths of the maxima and minima
as a function of direction relative to the volcano. At Gareloi, we observe positive maxima
followed by negative minima as depth increases from 12 to 26 km between a direction of
-80° and 90° that is absent for other directions. Kanaga has a similar pattern between -80°
and 80°, with a positive-negative pair observed at depths from 10 to 21 km. We use these
visually assessed directions toward the volcano to define directional groupings for the RFs

at each station for further analysis.

12



A. Gareloi B. Kanaga
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Figure 5: Scatter plots of (A) Gareloi and (B) Kanaga of the maximum and minimum amplitudes of depth
migrated 15° binned RFs (at all stations at a volcano) versus depth and organized by direction towards the
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Using the directional cutoffs determined from Figure 5, we plot both the depth-
migrated binned RFs pointing towards the volcano and away, and their corresponding ray
path coverage plots (Figure 6). For Gareloi, “towards” represents the range -80° to 90° and
“away” represents all other angles. In Kanaga’s case, “towards” represents the range -80°
to 80° and “away” represents all other angles. Also, station KIMD, being the most southern

station on Kanaga is excluded due to a lack of intersecting ray path. Generally, the RFs

facing towards the volcano are visually similar to themselves and those facing away are

13



visually similar to themselves, yet the towards and away RFs are visually dissimilar.
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Figure 6: RFs (depth migrated, 15° binned) from all stations (except AVKIMD or station KIMD at
Kanaga), whose ray path points towards and away from the volcano edifice were plotted with their
corresponding ray path coverage plots. Cutoff angles for toward and away were determined by Figure 5.
(A) RFs pointing toward Gareloi and ray path coverage plot (E). (B) RFs pointing away from Gareloi and
ray path coverage plot (F). (C) RFs pointing towards Kanaga and ray path coverage plot (G). (D) RFs
pointing away from Kanaga and ray path coverage plot.
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To further analyze the directional variability of the depth-migrated RFs, we
quantify their similarity by calculating the cross-correlation coefficients between all back
azimuthally binned RF pairs at a given station (Figure 7). In detail, we choose a reference
binned RF and calculate its cross-correlation coefficient with all other binned RFs at a
particular station between depths of 5 and 40. We then repeat this, using each back
azimuthal bin as a reference RF. We find that there are clear patterns of correlation and/or
anticorrelation that vary as a function of back azimuth at most stations.

In all cases, bins that are proximal to each other are highly correlated (denoted along
the diagonals in Figure 7). Station GAEA at Gareloi (Figure 7A) shows a high positive
correlation at proximal stations that transitions to anticorrelation for ray paths that have
back azimuths separated by 180°. Similar features are observed at station KICM at Kanaga
(Figure B). Station KIMD on Kanaga (Figure 7C) offers an interesting exception. Here,
most RFs are positively correlated, with minimal anticorrelation observed. This suggests
that its RFs do not substantially vary as a function of back azimuth, a marked contrast to
all other stations, indicating that it is likely imaging more homogenous, simple crustal
structures. This station is the farthest from its respective volcanic edifice (~18 km), giving

a boundary on the potential spatial distribution of crustal magmatic architecture.
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Comparison Bin, Azimuthal Separation from Gareloi Edifice

Comparison Bin, Azimuthal Separation from Kanaga Edifice
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Comparison Bin, Azimuthal Separation from Kanaga Edifice

Figure 7: Cross-correlation plot between 15° RF bins with respect to the azimuthal separation or direction
from the volcano edifice: 0° is pointing toward the volcano and -180° and 180° are pointing away from
the volcano, with angles increasing clockwise. (A) AVGAEA is the station GAEA and is located east-
southeast from the Gareloi’s edifice. (B) AVKICM is the station KICM and is located west-southwest of
the volcano Kanaga. (C) AVKIMD is the station KIMD, which is located south-southwest of the volcano
Kanaga and is the farthest station from the volcano on Kanaga Island. See Appendix B for the cross-
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correlation plots at all stations for both volcanoes.

3.2 Synthetic Modeling

Finally, we present results from our investigation comparing synthetic RFs to our
observed data. This simultaneously helps to constrain the geographic variability in the RFs,
while also investigating possible crustal velocity models to explain the data. We produce
synthetic RFs for both a 2-layer and 4-layer velocity model, and we compare these
synthetics to the back-azimuthally stacked RFs. We calculate the root-mean-square
deviation (RMSD) between each back azimuthally binned RF and the synthetic for all

models to estimate the misfit to our data. For all models, we held the P-wave and S-wave
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velocities constant for each layer (see Figure 8 for specific values). For the 2-layer model,
we allow the crustal thickness to vary between 25 and 40 km thick, yielding a total of 16
models. We use the RMSD to select the best-fit crustal thickness at the two volcanoes,
finding a value of 29 km at Gareloi and 39 km at Kanaga. We then use these two crustal
thicknesses in our 4-layer models. The 4-layer model consists of a crustal layer, a low-
velocity zone (LVZ), a crustal layer, and the mantle. The thickness and depth of the LVZ
are allowed to vary in 1 km increments, yielding a total of 143 tested models. The 4-layer
model that best fits Gareloi has an LVZ located at 2-4 km depth, while the best fit for
Kanaga has an LVZ at 4-5 km depth.

It is worth emphasizing that we do not consider this to be a full exploration of the
model space; thus, we do not specifically interpret the resultant specific velocity models at
this time. Instead, we treat these as potential end-member models and examine the
geographic patterns of where different back-azimuthal bins tend to be better fit by either
the 2-layer or 4-layer model.

Overall, we observe that back azimuthal bins with ray paths beneath and pointing
towards the volcano edifice had a lower RMSD for the 4-layer model than the 2-layer
model. In areas where the ray paths point away from the volcano, the 2-layer model had a
lower RMSD than the 4-layer model (Figure 9; additional tested models are available in
Appendix B). When we only examine the RMSD, we see variability across stations, with
some tending to have larger or smaller misfits between the synthetic and RF data. For
example, station KIMD at Kanaga has consistently low RMSDs, particularly for the 2-layer
model, with little back azimuthal variation. This is consistent with the observations from

the cross-correlation analysis, suggesting a relatively simple, isotropic crustal structure
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beneath this station. By contrast, other stations at Kanaga, and Gareloi show significant
back azimuthal variability in their RMSDs for the 2-layer and 4-layer models. The patterns
of back azimuthal variability are better emphasized by examining the difference between
the 4-layer and 2-layer model RMSDs.

The RMSD differences were calculated by subtracting all 2-layer RMSD at each
back azimuthal bin at each station from its corresponding RMSD in the 4-layer model.
Figure 10 subtracts the models described in Figure 9. Positive values, colored blue, indicate
a better fit for the 2-layer model. Negative values, colored yellow/red, indicate a better fit
for the 4-layer model. For Gareloi (Figure 10A), most of the ray paths that point away to
the south are a better fit for the 2-layer model, while ray paths that point directly toward
the volcano edifice better fit the 4-layer model. The red ray paths pointing toward the
volcano edifice appear symmetrical or centered on the volcano. Similarly, the ray paths
directly below the volcano edifice of Kanaga (Figure 10B) were negative and a better fit to
the 4-layer model, whereas almost all other back azimuthal bins were positive and better
fit the 2-layer model. However, the negative values were not centered around Kanaga’s
edifice, but rather are asymmetric, with part of the south of the edifice and much of the
north of the edifice having negative values, better fitting the 4-layer velocity model. While
further work is needed to improve the exploration of velocity models, this result indicates
a clear data-driven pattern that more complex crustal structure better explains RF

observations in the vicinity of the Kanaga and Gareloi volcanoes.
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Figure 8: Synthetic RFs plotted against a 15° back azimuthal binned RF pointing towards the volcano
edifice and away for both a 2-layer model and a 4-layer model. The corresponding velocity models are
plotted. The RMSD between the synthetic and binned RFs is listed, and the number of individual RFs in
each bin is listed. (A) Gareloi example stations: GANE (towards) and GASW (away). (B) Kanaga example
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RMSD at all stations for the 2-layer and 4-layer model at each volcano. (A) Gareloi 2-layer velocity model.
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Figure 10: RMSD difference plots for (A) Gareloi and (B) Kanaga. The RMSD difference is calculated
by subtracting the 2-layer model RMSD from the 4-layer model RMSD. The models in Figure 9 were used
to produce these two plots. Positive values (blue) imply a better fit to the 2-layer model. Negative values
(yellow/red) imply a better fit to the 4-layer model.
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Chapter 4: Discussion

The back azimuthal variability in the RFs at each volcano is complex; however,
some patterns exist. Examining Figures 5 and 6 indicates that the RFs toward and away
from the volcano are generally different in terms of waveform, such as when certain peaks
occur and the strength of the signal. Figure 7 and Appendix A quantify these similarities
and differences between RFs at each station. For example, stations KICM and KINC of
Kanaga, both have a range of directions relative to the volcano edifice, where the RFs that
point toward the volcano edifice have a high positive correlation and those pointing away
have no correlation or are anticorrelated. One possibility is that the structure directly
beneath the volcano edifice is vastly different from the structure beneath the edges of the
volcano and off to the sides. We speculate that the existence of a LVZ beneath the volcano
edifice represents persistent magma storage. The plausibility of a crustal LVZ beneath the
volcano edifice is not unreasonable, especially since both volcanoes are relatively active
and Kanaga experienced the most recent eruption in 2023 (Global Volcanism Program,
2023). The RMSD difference plots (Figure 10) support a case where the 4-layer model best
fits beneath the volcano edifice and the 2-layer model best fits the surrounding region.
These plots indicate that Gareloi has a nearly symmetric geographical LVZ centered at the
volcano edifice, while Kanaga appears to be asymmetrical and extends further north and a
bit southward from the edifice.

Note that although these patterns exist in the RMSD difference plots (Figure 10),
we were only able to compare two models that had the lowest RMSD along all stations at

the volcano. Each station’s best-fit model may not be identical to another station’s best-fit
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model. Each back azimuthal bin could also be best fitted to different models. We were
unable to formally and robustly search the model space to find a model that fits best. The
analysis done in Figure 10 shows that it is plausible for a LVZ to explain the variability in
the receiver functions. In addition, certain back azimuthal bins show consistently low or
high RMSD (Figure 9), which adds a level of complexity when making decisions on which
model is a better fit.

Station KIMD on Kanaga Island is the farthest removed from the volcano edifice.
It is presumed that the structure beneath the station is relatively simple in comparison to
the stations near the volcano edifice. The cross-correlation plot of station KIMD (Figure
7C) 1s almost all positively correlated everywhere, indicating a relatively uniform structure
beneath the volcano. In all 16 2-layer velocity models, station KIMD always had a
relatively low RMSD for all back azimuths. This is supported by Figure 10 which shows it
is a better fit for the 2-layer model. It is reasonable to assume that station KIMD exists on

a relatively simple crustal layer.
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Chapter 5: Conclusion

In this study, we examine crustal magmatic storage at two active volcanoes along
the Aleutian arc, Gareloi and Kanaga. We use a seismic imaging technique called RFs,
which are sensitive to abrupt boundary changes, to constrain the depth and velocity of
magma chambers beneath the volcanoes.

To explore the complex subsurface structure at both volcanoes, RFs were compared
toward and away. By visual inspection, cutoff directions toward the volcanoes were
determined to be -80° to 90° at Gareloi and -80° to 80° at Kanaga. The RFs pointing
towards the volcano were similar in waveform, and the RFs pointing away from the
volcano were also similar in waveform; however, the RFs pointing toward and away from
the volcano edifice were noticeably different. To further examine the similarities and
differences, cross-correlation plots were produced from depth-migrated RFs for the upper
5-40 km, which indicate that some stations clearly show a high degree of similarity or
correlation for a direction toward the volcano, then abruptly show no correlation or
anticorrelation at other directions. There appears to be a pattern of similar RFs pointing
toward the volcano.

We hypothesize the existence of a persistent crustal magmatic chamber under each
volcano, which would be represented as a LVZ. The RFs pointing toward the volcano
edifice are likely represented by a LVZ, while RFs pointing away from the volcano edifice
are likely described by a simple crustal model. Synthetic RFs were used to compare a 16
2-layer model (crust and mantle) and 143 4-layer model (crustal LVZ model). The root-

mean-square deviation (RMSD) was computed for each model at each back azimuthal bin,
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and the best models were chosen. Finally, a plot was produced by subtracting the RMSD
values for the 2-layer from the 4-layer model. The 2-layer model best fits the ray paths
pointing away from each volcano's edifice, and the 4-layer model best fits the ray paths
pointing toward and beneath each volcano's edifice.

Although this is not a comprehensive study of the model space, it implies that some
of the variability could be explained using a LVZ. More work is needed to be able to

constrain magma depth at the two volcanoes, Gareloi and Kanaga.
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Appendix A: Cross-Correlation Plots

Here are all the cross-correlation plots from all 11 stations and organized by volcano.
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Appendix B: 2-layer RMSD Plots

Here are all the 2-layer RMSD plots for Gareloi and Kanaga.
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