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Plan	of	the	talk	
	
	

1.   Self-excuses	why	unpublished	(30	min)	
	

2.	Talk	itself	(15	min)	



1.	Self-excuses	





Introduction	to	Numerical	Geodynamic	Modeling	II		
is	out!	

What’s	new?	

17	chapters	
b&w	figures	

67	MatLab	examples	

21	chapters	
color	figures	

90	MatLab	examples	



What’s	new?	
Free	surface	stabilization		

(Chapter	8)	



What’s	new?	
Continuity-based	marker	advection		

(Chapter	8)	



What’s	new?	
New	3D	elastic	stress	rotation	algorithms		

(Chapter	12)	



What’s	new?	
Better	visco-elasto-plasticity	treatment		

(Chapter	13)	



What’s	new?	
Modeling	of	compressible	materials		

and	inertial	processes		
(Chapter	14)	



What’s	new?	
Modeling	of	earthquakes		

(Chapter	15)	



What’s	new?	
Modeling	of	two-phase	flow	processes		

(Chapter	16)	



Optimal	formulation	of	conservation	laws:	
Using	formulation	by	Yarushina	and	Podladchikov	(2015)		

based	on	principles	of	irreversible	thermodynamics	

momentum	conservation	for	fluid	

mass	conservation	for	fluid	

energy	conservation	for	bulk	(solid+fluid)	

mass	conservation	for	solid	

momentum	conservation	for	bulk	(solid+fluid)	

mass	transfer	

inertia	



Poro-visco-elasto-plastic	rheology:	
Using	visco-elasto-plastic	formulation	by	Yarushina	and	Podladchikov	(2015)		

based	on	Biot’s	poroelasticity	theory	(Biot,	1941)	

Maxwell	visco-elasto-plastic	model:	

Drucker-Prager	plasticity	model	with	fluid	pressure:	

critical	hydro-mechanical	feedback	



Self-consistent	formulation	of	closure	relations:	
Using	visco-elasto-plastic	formulation	by	Yarushina	and	Podladchikov	(2015)		

based	on	Biot’s	poroelasticity	theory	(Biot,	1941)	

mass	transfer	



How	to	formulate	mass	transfer	related	terms?	
C-component	approach	

(C-component	=	Chemical	trash	can)	

1.   We	characterize	complex	reactive	mass	transfer	by	considering	a	net	mass	transfer	∆M=𝚺	∆Mi,	where	∆Mi	is	the	mass	
of	i-th	chemical	component	transferred	from	the	solid	to	the	fluid	during	a	time	increment	∆t:	positive	∆Mi	values	
corresponds	to	the	mass	transfer	from	the	solid	to	the	fluid	(dehydration,	melting,	dissolution,	etc.),	whereas	negative	
∆Mi	values	imply	the	mass	transfer	from	the	fluid	to	the	solid	(hydration,	solidification,	precipitation,	etc.).		

2.   The	transferred	mass	∆M	is	formally	described	as	a	single	chemically	complex	pseudo-component	C	of	the	solid	and	
fluid.	Stoichiometry	of		C-component	is	given	by	C=𝚺∆Mi/∆M*Ci,	where	Ci	is	chemical	formula	of	i-th	chemical	
component.	

3.   C-component	has	different	density	in	its	solid	(𝞺s
C)	and	fluid	(𝞺f

C)	state,	which	can	also	differ	from	the	bulk	density	of	s
C)	and	fluid	(𝞺f

C)	state,	which	can	also	differ	from	the	bulk	density	of	f
C)	state,	which	can	also	differ	from	the	bulk	density	of	

the	solid	(𝞺s)	and	fluid	(𝞺f).		

fluid	
solid	

𝞺s
C	s
C	𝞺s	 𝞺f

C	f
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C	 C	

C	∆M	 ∆M	



How	to	formulate	mass	transfer	related	terms	
with	C-component	approach?	

mass	conservation	for	solid	(porous	matrix	divergence	depends	on	mass	transfer)	

mass	conservation	for	fluid	(Darcy	flux	divergence	is	independent	of	mass	transfer)	

The	advantage	of	C-component	approach	is	that	the	form	of	the	discretized	
conservation	equations	becomes	independent	of	the	actual	chemistry,	

thermodynamics	and	kinetics	of	mass	transfer,	which	can	be	computed	separately	
during	SHTMC-iteration.		



INITIAL/FINAL	volume	ratio	 FINAL/INITIAL	density	ratio	

How	to	formulate	mass	transfer	related	terms	
with	C-component	approach	

mass	conservation	for	solid	(porous	matrix	divergence	depends	on	mass	transfer)	



INITIAL/FINAL	volume	ratio	 FINAL/INITIAL	density	ratio	

How	to	formulate	mass	transfer	related	terms	
with	C-component	approach	



thermodynamic	
box	to	compute	

How	to	implement	coupled	SHTMC	equations?	
Global	iteration	



Examples	



What’s	new?	
Adaptive	mesh	refinement		

(Chapter	17)	



What’s	new?	
Color	figures,	90	MatLab	examples.		
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Modeler’s	classification	of	geodynamical	processes	

Easy	to	imagine	and	Easy	to	model	

Difficult	to	imagine	and	Difficult	to	model	

Easy	to	imagine	but	Difficult	to	model	

Difficult	to	imagine	but	Easy	to	model	



Gerya et al. (2004) Wortel and Spakman (2000) 

Easy	to	imagine	but	Difficult	to	model	



Motivation 





Faccenna et al. (2014) 









Tear	propagation	





Previous  
3D models 
(advancing 
subduction) 



Burkett and Billen 
 (2010) 



van Hunen and Allen (2011) 



Numerical 
Model 

(retreating 
subduction) 



“Adria”	

trench	

extension	

weak	zones	



1.65 Ma 



2.85 Ma 



4.06 Ma 



5.41 Ma 



6.41 Ma 



7.25 Ma 



7.81 Ma 



8.15 Ma 



8.54 Ma 



9.14 Ma 



The end 

10.44 Ma 



retreating trench 



tear starts 



tear 



tear 



tear 



tear 



tear 



tear 



tear 



tear 



tear 



v
subduction 

𝛂 

vtear = vsubduction / cos(𝛂) 
if 𝛂=90o then vtear =∞ 



Short initial 
weak zones 



“Adria”	

trench	

extension	

weak	zones	



5.69 Ma 

STEP	faults	

STEP faults develop spontaneously 



6.29 Ma 



6.93 Ma 



7.48 Ma 



8.15 Ma 



The end 

8.94 Ma 



Subduction changes polarity 



Conclusions	
1. Retreating subduction is very efficient in causing slab tearing 

3. Subduction may continue with different polarity after tearing 

2. Lateral tear propagation is controlled by the passive margin obliquity: 
vtear = vsubduction / cos(𝛂),  
where 𝛂 is the angle between the margin and subduction direction 
   


