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What	does	the	deep	root	of	a	fault	look	like?
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Model:	2D	earthquake	cycle	simulation	of	a	
strike-slip	fault



Model:	2D	earthquake	cycle	simulation	of	a	
strike-slip	fault

feldspar

olivine

A	(MPa-n s-1) B	(K) n source

feldspar 1.58	x	103 4.15	x	104 3 Rybacki et	al.	(2006)

olivine 3.6	x	103 5.77	x	104 3.5 Hirth and	Kohlstedt (2003)



Governing	equations
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The	energy	equation

viscous	shear	heating

frictional	shear	heating

radioactive	heat	generation

thermal	diffusivity



Shear	heating
frictional	and	viscous	
dissipation	generate	
heat

increasing	temperature	
decreases	the	effective	
viscosity

viscous	strain	rates	
and	stresses	change



assuming	hydrostatic	pore	pressure

How	does	shear	heating	impact	shear	stress?	



assuming	hydrostatic	pore	pressure

bulk	viscous	flow	
dominates

friction	dominates

transition
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How	does	shear	heating	impact	shear	stress?	



Resulting	thermal	anomaly assuming	hydrostatic	pore	pressure
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Increasing	pore	pressure	moves	the	brittle-
ductile	transition	deeper.



increasing	pore	pressure

l =	0.8 l =	0.6 hydrostatic

DTDTDT



Surface	heat	flux

Data	(red	dots)	from	Takeuchi	and	Fialko (2012)



increasing	pore	pressure

l =	0.8 l =	0.6 hydrostatic

Higher	pore	pressure	leads	to	a	narrower	
shear	zone	beneath	the	fault.



recurrence	interval:	263	years
nucleation	depth:	13.5	km
down-dip	limit	of	eq.	slip:	17.8	km

interseismic	creep

earthquakesLinear	Elastic

Viscoelastic	with	shear	heating

bulk	viscous	flow	prevents	
interseismic	fault	creep

recurrence	interval:	260	years
nucleation	depth:	13.5	km
down-dip	limit	of	eq.	slip:	16.4	km

red:	contoured	every	1	s
blue:	contoured	every	10	years



Temperature	change	resulting	from	heat	generated	
during	coseismic	slip.
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Decreasing	frictional	shear	zone	size	increases	
the	maximum	temperature	change		


