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We	are	going	to	look	at	a	real	life	problem	and	then	make	a	tool	to	
help	solve	it	for	researchers	and	educators

Earthquakes	101 Fric2onal	Theory

Python	Implementa2on

C.	Ammon



Most	earthquakes	occur	on	plate	boundaries



Faults	can	creep	in	an	aseismic	(stable)	fashion
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Creeping	faults	present	some	infrastructure	risks

Images:	Dr.	Peggy	Hellweg,	Wikipedia,	USGS	
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Faults	can	fail	in	an	unstable	and	dynamic	way	that	produces	
seismic	radia2on



We	have	conceptualized	earthquakes	as	a	s2ck-slip	process	

(Brace	and	Byerlee,	1966)

(Patek,	2001)

cimindustry.com



The	spring-slider	is	the	simplest	physical	model



Small	changes	in	s2ffness	can	completely	change	the	behavior	of	
even	the	simplest	system
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We	can	model	the	system	with	the	“rate-and-state”	equa2ons
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There	are	many	proposed	state	rela2ons	in	the	wild
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We	can	create	small	fault	zones	in	the	laboratory



We	can	create	small	fault	zones	in	the	laboratory

Theory is when you know everything, but nothing works. Practice is when everything works, but no 
one knows why. In our lab, theory and practice are combined: nothing works and no one knows why.



Everyone	had	their	own	program	to	solve	the	RSF	equa2ons
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Everyone	had	their	own	program	to	solve	the	RSF	equa2ons



If	you	can	get	those	programs	and	try	to	reproduce	the	results,	it	
oPen	ends	in	tears
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The	results	oPen	looked	“right”	or	“comparable”

Gu et al., 1984

Blanked and Tullis, 1986

Marone, 1998

Bhattacharya and Rubin, 2014

Reinen and Weeks, 1993



The	results	oPen	looked	“right”	or	“comparable”

Gu et al., 1984

Blanked and Tullis, 1986

Marone, 1998

Bhattacharya and Rubin, 2014

Reinen and Weeks, 1993

But there are no tests!



The	tools	were	not	friendly	to	students	either
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The	requirements	were	simple:
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The	requirements	were	simple:

Research Teaching

Best	Prac2ces



Include	the	common	state	rela2ons	and	elas2c	coupling



Easily	make	“standard”	plots



Allow	users	to	define	their	own	rules



Allow	users	to	define	their	own	rules

Define it:



Allow	users	to	define	their	own	rules

Define it:

Use it:



Everything	is	tested.	Against	itself	which	has	been	compared	to	
another	model.



We	found	that	some	“well	established”	results	were	func2ons	of	
how	the	model	was	setup



We	found	that	some	“well	established”	results	were	func2ons	of	
how	the	model	was	setup



Dashboards	make	a	great	way	to	deploy	for	student	interac2on



Give	it	a	try!	There	are	many	poten2al	applica2ons:

National Library of Australia

rsfmodel.com

http://rsfmodel.com

