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“We	can’t	do	field	trips	
into	the	mantle”	

– John	Dewey	23rd May	
2016
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Could	the	mantle	
lithosphere	retain	
ancient	structures	
over	long	
timescales?



[Calvert	 et	al.,	Nature,	1995]

Could	the	mantle	
lithosphere	retain	
ancient	structures	
over	long	
timescales? - Yes!
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Orogenic inheritance	and	continental	breakup:	Wilson	Cycle-
control	on	rift	and	passive	margin	evolution	Christian	Schiffer

Could	mantle	lithosphere	‘scars’	
be	weak?



[Bercovici and	Ricard,	Nature,	2014]

Could	mantle	lithosphere	‘scars’	
be	weak? - Yes!



[Bercovici and	Ricard,	Nature,	2014]

Structural	 reactivation	 in	plate	tectonics:	 the	roles	of	rheological	
heterogeneity	and	anisotropy	 in	the	mantle	Andréa	Tommasi

Could	mantle	lithosphere	‘scars’	
be	weak? - yes?



Could	mantle	lithosphere	‘scars’	
have	a	large	scale	impact	on	
tectonics?

[Bercovici and	Ricard,	Nature,	2014]

Structural	 reactivation	 in	plate	tectonics:	 the	roles	of	rheological	
heterogeneity	and	anisotropy	 in	the	mantle	Andréa	Tommasi

Could	mantle	lithosphere	‘scars’	
be	weak? - yes?
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- Thermal-mechanical	finite	element	numerical	
code	[Fullsack,	1995]

- Implements	an	Arbitrary	Lagrangian Eulerian
(ALE)	method	

- Solves	for	the	deformation	of	high	Prandtl
number	incompressible	viscous-plastic	media

- All	materials	have	a	viscous-plastic	rheology
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Mantle	lithosphere	scars	
dominate	shallow	geological	
features	in	activating	
tectonics	in	plate	interiors
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Limits	and	applicability
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“Cancel	the	crème	brulee”	
– John	Dewey	23rd May	2016
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a India and Eurasia collision zone and ancient suture zones
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a India and Eurasia collision zone and ancient suture zones
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[Becker	 et	al.,	Nature,	2015]
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[Calvert	 et	al.,	Nature,	1995]
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[Pysklywec et	al.,	JGR,	2002]
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- The	role	of	the	mantle	 lithosphere	 is	
understudied

- A	number	of	tectonic	processes	 could	
leave	 lasting	mantle	 lithosphere	
scars,	not	just	subduction

- Mantle	 lithosphere	 structures	could	
dominate	 shallower	features	in	
generating	continental	 tectonics

- Reactivation	 of	deep	scars	related	to	
ancient	plate	boundary	processes	
may	mean	that	plate	boundaries	
never	go	away

Summary	 of	work	in	relation	 to

Heron	et	al.	(2016)	Nature	Communications.	
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- The	role	of	the	mantle	 lithosphere	 is	
understudied

- A	number	of	tectonic	processes	 could	
leave	 lasting	mantle	 lithosphere	
scars,	not	just	subduction

- Mantle	 lithosphere	 structures	could	
dominate	 shallower	features	in	
generating	continental	 tectonics

- Reactivation	 of	deep	scars	related	to	
ancient	plate	boundary	processes	
may	mean	that	plate	boundaries	
never	go	away

Summary	 of	work	in	relation	 to

Heron	et	al.	(2016)	Nature	Communications.	



Yes	– there	are	many	examples	of	
scars possibly	related	to	ancient	
tectonic	structures

Ongoing	discussion	– mantle	
lithosphere	understudied

Yes	- damage	theory	indicates	
scarring	could	mean	weakness	

Yes	- if	crust	and	mantle	are	
coupled,	the	mantle	scars	could	
dominant	tectonics

PHIL	HERON	

Could	the	mantle	lithosphere	
retain	ancient	structures	over	long	
timescales?

What	processes	could	be	involved	in	
intraplate orogenesis,	seismisicty,	
and/or	deformation?	

Could	mantle	lithosphere	‘scars’	
be	weak?

Could	mantle	lithosphere	‘scars’	
have	a	large	scale	impact	on	
tectonics?

Heron	et	al.	(2016)	Nature	Communications.	


