
The Short-Timescale Behavior 

of Glacial Ice 

 

Thesis by 

Jeffrey Muir Thompson 

 

In Partial Fulfillment of the Requirements for the 

degree of 

Doctorate of Philosophy in Geophysics 

 

 

 

 

 

 

 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

Pasadena, California 

2013 

(Defended May 30th, 2013)



 ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2013 

Jeffrey Muir Thompson 

All Rights Reserved



 iii 
 
 
 
 

This thesis is dedicated to William (Bill) Bing 
 and Dr. Jennifer Howes.   Without their unending  

support I would never have completed this doctorate.  



 iv 
ACKNOWLEDGEMENTS 

I have quite a few people I would like to acknowledge, so I apologize in advance for the 

length of this section.  First, I have to thank my advisor, Mark Simons, for allowing me to 

make the transition from being a field geologist to becoming a finite element modeler and 

glaciologist.  Your support has been greatly appreciated over the years.  I would also like to 

thank Victor Tsai for giving me the opportunity to work with him on the project related to 

supraglacial lake drainage.  Next is my thesis advisory committee, which includes Mark 

and Victor as well as Jennifer Jackson and Andy Thompson.  Thank you for your input and 

for being willing to sit through my thesis defense.  I would also like to thank Tom Heaton, 

for being both a member of my thesis advisory committee, and for encouraging me to get a 

minor in civil engineering. I’ve learned a lot and hopefully that’ll help me get a job.  To 

finish my round-up of Caltech faculty, I’d like to thank Brian Wernicke, John Eiler, and 

Paul Asimow.  Brian and John, thank you for the chance to spend a year and some change 

doing clumped isotope work as one of my first year propositions.  Paul, thank you for being 

my first year academic advisor and just generally for being an awesome addition to the 

concert band. 

Now I should thank the people responsible for getting me excited about research and 

ultimately into Caltech.  First on that list are Scott Paterson and Lawford Anderson, who 

helped turn me from a geology student into a field geologist.  The two years I spent 

working with you with the Team Research group is among my favorite science-related 

memories.  In addition, thanks go out to Vali Memeti, Frances Cooper, and Geoff Pignotta 

for being awesome graduate students and teaching assistants.  Hopefully I lived/live up to 

the excellent example that you all provided me.  Finally, but not least, I would like to thank 

my dear friends Austin Elliott and Bradford Foley for pushing me to be better by always 

telling me I was wrong (even if I was right).  Your friendship and love of science is a big 

part of why I ended up at Caltech. 

It is no stretch of the imagination to say that I should have earned a music degree while 

here at Caltech.  I want to thank Bill Bing for his wonderful dedication to the Caltech music 



 v 
program and for helping to foster an enclave of musicians in the middle of a bunch of 

scientists.  Whenever I came close to giving up and packing my bags, the music department 

kept me tethered to Caltech more than anything else, and you deserve all my thanks and 

more for that.  Additionally, thanks for letting me do crazy things like run a trombone choir 

and create the Caltech Pep Band, all while being a member of three ensembles and trying to 

finish my thesis.  I would also like to thank Allen Gross for my five wonderful years in the 

Caltech-Oxy Orchestra.  We made some beautiful music and I’m very grateful to have had 

the chance to be part of it. 

I would be utterly remiss if I did not thank all the trombone players in my life.  From USC, 

my wonderful group of friends, who always kept me honest by never cutting me any slack: 

Gwen, Austin, Holly, Chris, Jon, Craig, Dan, Anthony, Kathryn, Mark, Jason, Colin, 

Nathan, Ashwin, Dave, and Dave, you guys make my day.  A special thanks to Gwen for 

both making the weekly commute up to Caltech for trombone choir (clearly an important 

part of my thesis) and for utterly refusing to call me doctor ever.  From Caltech: Jeremy, 

Jill, Andy, Conrad, Catherine, Zeke, Elaine, Jeff, Chris, Chris, Sarah, and Ben…I’m proud 

to be your pep pep and you’ve truly made my experience at Caltech great. 

An important thank you to Dr. Jennifer Howes of the Caltech counseling center.  You 

helped me come to grips with my decision to finish out my degree, and I really do want to 

thank you for spending many, many hours listening to me struggle through the issues that I 

was having.  You really did help me. 

My time at Caltech would have been completely unbearable if not for my fellow students.  

While there are too many of you to name specifically, I’m going to try.  First up has to be 

Dr. Professor Konstantin Batygin and his better 2/3 Olga.  You guys were and are amongst 

the best friends any one person could ever ask for.  Next up has to be Mike, you really 

made graduate school feel like undergrad most of the time, and we had some great 

moments.  The ChEESE(G)PSers: Christine, Lindsay, Anne, Mike, Ajay, Joey, Mandy, Da, 

Jill…I was happy to be the silent G.  My first year officemates: Isaac, June, Claire, Kristen, 



 vi 
Katie, and Marion…I wish you all the best in all the wonderful things I’m sure you’ll all 

accomplish. 

I would not be where I am today without my amazing family.  Mom and Dad, you have 

been incredibly supportive and encouraging my entire life, but especially through my life as 

a graduate student.  Dad, thanks for the years of Tuesday lunches…I’ll get around to 

paying you back sometime.  And Mom, I’d especially like to thank you for the hours of 

proofreading this thesis you’ve done.  Jessica and Andrew, you guys are the best siblings I 

could ask for.  I hope my thesis talk did not put you guys to sleep too quickly.  Philip and 

Yuki, you guys are the best brothers-from-another-mother I could ask for.  Thank you for 

all the years of good times we’ll all had.  

And last, but not least, thanks to my wonderful amazing girlfriend Kacy.  You not only had 

to put up with me working late (and early) hours, but you also managed to give me the 

princess treatment while I was doing so.  Thank you, thank you, thank you! 

 

 

 

 

 

 

 

 

 



 vii 
ABSTRACT 

Glaciers are often assumed to deform only at slow (i.e., glacial) rates.  However, with the 

advent of high rate geodetic observations of ice motion, many of the intricacies of glacial 

deformation on hourly and daily timescales have been observed and quantified.  This thesis 

explores two such short timescale processes: the tidal perturbation of ice stream motion and 

the catastrophic drainage of supraglacial meltwater lakes.  Our investigation into the 

transmission length-scale of a tidal load represents the first study to explore the daily tidal 

influence on ice stream motion using three-dimensional models.  Our results demonstrate 

both that the implicit assumptions made in the standard two-dimensional flow-line models 

are inherently incorrect for many ice streams, and that the anomalously large spatial extent 

of the tidal influence seen on the motion of some glaciers cannot be explained, as 

previously thought, through the elastic or viscoelastic transmission of tidal loads through 

the bulk of the ice stream.  We then discuss how the phase delay between a tidal forcing 

and the ice stream’s displacement response can be used to constrain in situ viscoelastic 

properties of glacial ice.  Lastly, for the problem of supraglacial lake drainage, we present a 

methodology for implementing linear viscoelasticity into an existing model for lake 

drainage.  Our work finds that viscoelasticity is a second-order effect when trying to model 

the deformation of ice in response to a meltwater lake draining to a glacier’s bed.  The 

research in this thesis demonstrates that the first-order understanding of the short-timescale 

behavior of naturally occurring ice is incomplete, and works towards improving our 

fundamental understanding of ice behavior over the range of hours to days.  
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