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DISSERTATION ABSTRACT

Blake Anthony Parris

Doctor of Philosophy

Department of Physics

June 2020

Title: Resolving Three-dimensional Impacts on Understanding Cascadian Subduction
Zone Conductivity and Fluid Structures

The Magnetotelluric Observations of Cascadia using a Huge Array (MOCHA)

experiment provides amphibious data useful for imaging subducted 
uids from trench

to mantle wedge corner. A type of seismic activity known as Episodic Tremor and

Slip is thought to play a key role in regional seismic activity along the Cascadian

Subduction Zone, potentially in
uencing future mega thrust earthquakes. Through

magnetotelluric imaging providing 3-D electrical conductivity maps of the Cascadia

subduction zone we have discovered correlation between possible 
uid concentrations

and Episodic Tremor and Slip.

In using MOD3DEM, a �nite di�erence inversion package, we encountered

problems inverting sea 
oor stations due to the strong, nearby conductivity gradients

and stations exhibiting out of quadrant phase anomalies. We introduce improved

interpolation schemes that more accurately track EM �elds across large conductivity

gradients at cell boundaries, with an eye to enhancing the accuracy of the simulated
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responses and, thus, inversion results. With a future aim of inverting the stations

exhibiting these phase anomalies, we use forward models to determine what

geologically feasible structures could produce the observed anomalous behavior.

This dissertation includes previously unpublished co-authored material.

v



CURRICULUM VITAE

NAME OF AUTHOR: Blake Anthony Parris

GRADUATE AND UNDERGRADUATE SCHOOLS ATTENDED:
University of Oregon, Eugene, OR
University of Washington, Seattle, WA

DEGREES AWARDED:
Doctor of Philosophy in Physics, 2020, University of Oregon
B.S. in Physics, 2012, University of Washington

PROFESSIONAL EXPERIENCE:

Graduate Research Fellow, Department of Physics, University of Oregon,
Eugene OR, Summer 2015 - Spring 2016, Fall 2019, Spring 2020, Summer
2020

Graduate Teaching Fellow, Department of Physics, University of Oregon,
Eugene OR, Fall 2012 - Winter 2015, Fall 2016, Spring 2017 - Summer 2018,
Summer 2019, Winter 2020

Science Literacy Program Education Mentor, University of Oregon, Eugene OR,
AY 2018 - 2019

Science Literacy Program Fellow, University of Oregon, Eugene OR, Spring 2015
and Winter 2017

GRANTS, AWARDS AND HONORS:

Summer Institute on Scienti�c Teaching Education Fellow, Summer 2018

Weiser First Year Teaching Assistant Award from the UO Physics Department
, Fall 2012- Spring 2013

vi



PUBLICATIONS:

Roe ET, Bies AJ, Montgomery RD, Watterson WJ, Parris B, Boydston
CR, et al. (2020) Fractal solar panels: Optimizing aesthetic and
electrical performances. PLoS ONE 15(3): e0229945. https://doi.org/
10.1371/journal.pone.0229945

vii



ACKNOWLEDGEMENTS

I want to give thanks to my family, my Mom and my sister Shayna who helped

me get this far. Their kind words and unconditional support have always meant the

world to me.

I want to thank my partner Kaitlin who helped me get through the �nal hurdles

of getting this degree. Her constant companionship, understanding, and support

were and are what I needed to get through.

I want to express my sincere gratitude to my advisor Dean Livelybrooks, for the

continuous support and advice he has given me over the last 8 years. I could not

have gotten this far with out him.

I want to also express my sincere gratitude to Elly Vandegrift, who taught me

the importance of equitable teaching practices, and had a large role in shaping my

teaching style over the years.

I want to thank the rest of my committee Richard Taylor, James Imamura, and

Doug Toomey for their feedback. I want to thank all of the professors I have taught

with over the years, especially Dan Steck and Scott Fischer, they helped shape me

into the educator that I am today.

I want to thank the GTFF, especially the disability access caucus, for their

camaraderie and support over the years.

I want to thank all of the undergraduates who have worked in the Livelybrooks

lab over the years. They helped me learn how to be a better educator as well.

Thanks to all of the other graduate students who have been there for me over

the years, a thank you to Richard Wagner for giving me the LaTex �les and advice

viii



I needed to �nish this thesis, and thanks to Peter Lindstrom who helped the group

get started in the beginning.

ix



For my Dad.

Just like I promised.

x



TABLE OF CONTENTS

Chapter Page

I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1. The Role of Fluids in the Cascadian Subduction Zone . . . . 6

1.2. MAGNETOTELLURICS . . . . . . . . . . . . . . . . . . . . 14

1.3. ModEM 3D AND INVERSIONS . . . . . . . . . . . . . . . 20

1.4. THESIS OUTLINE . . . . . . . . . . . . . . . . . . . . . . . 25

II. MAGNETOTELLURIC INVESTIGATION OF CASCADIA . . . . . . 26

2.1. Notable Results . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.2. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

2.3. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

III. IMPROVED INTERPOLATION ACROSS A CONDUCTIVE
BOUNDARY FOR MOD3DEM . . . . . . . . . . . . . . . . . . . . 49

3.1. Background . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.3. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

IV. MEETING THE CHALLENGE OF MAGNETOTELLURIC
IMPEDANCE ‘PHASE TAILS’ . . . . . . . . . . . . . . . . . . . . 69

4.1. Model Geometric and Associated Geological Settings . . . . 77

4.2. Methods and Geological Constraints . . . . . . . . . . . . . 85

4.3. Results and Discussion . . . . . . . . . . . . . . . . . . . . . 106

4.4. Summary and Future Work . . . . . . . . . . . . . . . . . . 110

V. REFLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

xi



Chapter Page

APPENDIX: GLOSSERY OF TERMS . . . . . . . . . . . . . . . . . . . . . . 114

REFERENCES CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

xii



LIST OF FIGURES

Figure Page

1.1. Typical Subduction Zone . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2. MOCHA Survey and Other Cascadia MT Stations . . . . . . . . . . . . 5

1.3. Fluid Metamorphically Stored in the Slab . . . . . . . . . . . . . . . . . 7

1.4. Metamorphic Phases Diagram . . . . . . . . . . . . . . . . . . . . . . . . 10

1.5. Example of Resolution for MODEM3D . . . . . . . . . . . . . . . . . . . 15

1.6. Stations Used in Inversions of Cascadia. . . . . . . . . . . . . . . . . . . 16

1.7. Field Distribution on a Yee Grid Element . . . . . . . . . . . . . . . . . 22

2.1. MOCHA Conductunces . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.2. MOCHA Cross Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.3. Along Slab MOCHA Cross Section and ETS Correlation . . . . . . . . . 32

2.4. Conductance vs ETS Plot . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.5. Isosurface Siletzia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

2.6. Cross Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2.7. Terrane Contrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3.1. Sea Land Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

3.2. Stair Step Bathymetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.3. Planar Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

3.4. Shantsev Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

3.5. ElectricField Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

3.6. Magnetic Field Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.1. MOCHA Phase Tail example . . . . . . . . . . . . . . . . . . . . . . . . 70

xiii



Figure Page

4.2. Starting Model Cross Section . . . . . . . . . . . . . . . . . . . . . . . . 75

4.3. Phase Tail Site on a USGS Map . . . . . . . . . . . . . . . . . . . . . . 76

4.4. Field Discontinuity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4.5. Example of E �eld distribution around an L shaped
conductor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.6. Unsmoothed MOCHA Model . . . . . . . . . . . . . . . . . . . . . . . . 84

4.7. MC13 vs Model Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

xiv



LIST OF TABLES

Table Page

3.1. Adapting ModEM3D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.1. Phase Tail Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

xv













































































































































































































































https://doi.org/10.1038/ncomms13863




https://pnsn.org/tremor


https://www.usgs.gov/products/maps/geologic-maps
https://www.usgs.gov/products/maps/geologic-maps

	Introduction
	Magnetotelluric Investigation of Cascadia
	Improved Interpolation Across a Conductive Boundary for MOD3DEM
	Meeting the Challenge of Magnetotelluric Impedance `Phase Tails' 
	Reflection
	APPENDIX: Glossery of Terms
	REFERENCES CITED

