Investigation of Magmatic Systems Through Novel
Seismic Receiver Function Analysis at Alaska-Aleutian
Arc Volcanoes

Ian Wynn
Advisor: Dr. Helen Janiszewski
Committee: Garrett Apuzen-Ito (Chair)
Thomas Shea
Robert Dunn

September 18, 2023

A FINAL REPORT SUBMITTED TO THE DEPARTMENT OF EARTH
SCIENCES, UNIVERSITY OF HAWAI'T AT MANOA, IN PARTIAL
FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE, EN ROUTE TO PH.D.

IN
EARTH AND PLANETARY SCIENCES



Contents

1 Project Description 3
1.1 Introduction . . . . . . . . . . . . e e e 3
1.2 Background . . . . . .. . 4

Alaska-Aleutian Arc . . . . . . . e e 4
Receiver Functions . . . . . . . . . .. . .. 7
1.3 Objectives . . . . . . . . e e 10

2 Research Plan 11

2.1 Methods . . . . . .. e 11
Dataacquisition . . . . . . . .. L 11

Quality Control . . . . . . . . . ... 12

Receiver Function Analysis . . . . . . . ... .. ... L. 12

2.2 Progress Summary . . . . . ... e e e e e e e e 13
Receiver Function Analysis Summary . . . . . ... ... .. ... .. ...... 13
Akutan . ... L e 13

Makushin . . . . . .. 15

Pavlof . . . . . . 16

Shishaldin . . . . . . . ... . 17

Westdahl . . . . . ... 17

Volcano RF Comparisons . . . . . . . . . .. ... ... ... .. ..... 18

23 Actionplan . ... 19
Timeline . . . . . . . . . . . e 19
FirstPhase . . . . . . . . .. . .. 19

Second Phase . . . . . . . . ... 19

Imminent Results and Future Work . . . . . . . ... ... ... ... ....... 19
Broader Impacts . . . . . . . ... 20



1 Project Description

1.1 Introduction

Arc volcanoes are the surface expression of slab sourced, volatile-induced flux melting and up-

ward migration of magma from subducted lithosphere, through the mantle wedge, that eventually

stalls within or erupts from the overriding crust [Plank et al., 2009]. Current models describe

crustal magma storage as highly nuanced (Figure 1), consisting of diffuse fields of crystal mush

surrounding vertically-differentiated lens-type structures [Cashman et al., 2017, Larsen, 2016].

This structural complexity
poses challenges in geochemical or
local seismic capabilities of con-
straining magma storage at mid- to
lower-crustal depths 10 km [Ras-
mussen et al., 2022, Edmonds et al.,
2019]. The inconsistent presence
of seismicity within the lower crust
limits our ability to depend upon
local earthquakes for along-arc to-
mographic comparisons [Janiszewski
et al., 2020, White et al., 2019].
Furthermore, eruption type and fre-

quency varies drastically along a vol-
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Figure 1: (A.) From [Cashman et al., 2017]: Schematic of
a conventional upper crustal 'magma chamber’ concept of
magma storage. (B.) Schematic of a Transcrustal Mag-
matic System.

canic arc, a feature whose driving mechanisms are yet to be fully understood [Larsen, 2016, Singer

et al., 2007]. In addition, eruptive hazards at arc volcanoes pose a perpetual threat in the realms

of air travel, global supply chains, and public health [Chaussard and Amelung, 2014, Hilley et al.,

2022].



This decade, efforts are underway to cohesively investigate arc magma storage and trans-
port by broad community initiatives, such as Subduction Zones in 4 Dimensions (SZ4D) [Hilley
et al., 2022]. Improved constraints throughout the crust and along-arc will inform magma transport
and differentiation pathways present at each volcano. To better understand the underlying causes
of intra-arc diversity, we need comprehensive classification of crustal magma storage along a char-
acteristic volcanic arc. This past decade, rapid instrumentation and improved seismic monitoring
capabilities at the Aleutian arc is driven by the Alaska Volcano Observatory (AVO) campaign to
improve and expand its broadband instrumentation [Power et al., 2020]. The Alaska-Aleutian arc
has also been identified as a focus area of SZ4D [Hilley et al., 2022]. In the coming decade, the
Alaska-Aleutian arc is poised to serve as an arc volcano laboratory to investigate myriad subduc-

tion zone questions, including crustal magma storage.

1.2 Background

Alaska-Aleutian Arc

The Alaska-Aleutian arc is a large, arcuate volcanic arc that lies at the convergent plate boundary
between the North American and Pacific tectonic plates, extending over 4000 miles from Buldir
Island near Kamchatka, Russia to Mount Hayes within Mainland Alaska. [Larsen, 2016,Shillington
et al., 2004, Power, 2023]. We identify seven target volcanoes within the Alaska-Aleutian arc:
Cleveland, Okmok, Makushin, Akutan, Westdahl, Shishaldin, and Pavlof. In the past decade, AVO
efforts to expand the network of 3-component permanent broadband seismometers and improve
real-time seismic observation has made great strides [Power et al., 2020]. As of writing (September
2023), AVO network expansion since the writing of Power et al. (2020) across the Alaska-Aleutian
arc has evolved from 122 of 206 active permanent stations to 189 of 207 active permanent stations

in service as 3-component broadband seismometers [Alaska Volcano Observatory/USGS, 1988].






