
•  Thermal	and	composi0onal	structure	of	lithospheric	keels	underlying	the	
Precambrian	cores	of	con0nents	may	shed	light	on	their	evolu0on	and	
long-term	stability	

•  Several	seismic	studies	have	found	significant	3D	seismic	heterogeneity	in	
cratonic	lithosphere,	which	is	enigma9c	because	temperature	varia9ons	in	
old	shields	are	expected	to	be	small	and	seismic	sensi9vity	to	major-
element	composi9onal	varia9ons	is	limited.		Metasoma9c	altera9on	has	
been	proposed	to	play	a	role	in	average	1-D	structures	(Eeken	et	al.,	EPSL	
2018)	and	mid-lithospheric	discon9nui9es.	
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Regions	of	dis9nct	phase	veloci9es	are	derived	by	k-means	cluster	analysis.	Clusters	
are	further	subdivided	if	crustal	structures	(based	on	receiver	func9ons,	refrac9on	
profiles)	are	different.	This	yields	10	subregions	for	region	A	and	9	for	region	B.	

For	each	region,	a	grid-search	is	performed	for	thermo-chemical	structures	that	fit	
the	data	within	their	uncertain9es,	as	detailed	in	Fig.	3.	
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•  Smooth	varia9ons	in	thermal	structure	that	include	varia9ons	in	thermal	thickness	
within	the	Superior	and	decreasing	thickness	towards	the	edges	of	the	shield		

•  Four	types	of	dis9nct	composi0onal	structures	are	required	to	match	the	long-period	
phase	veloci9es,	reflec9ng	tectonic	evolu9on	of	the	cratonic	lithosphere.	

•  Processes	that	have	affected	the	forma9on	and	modifica9on	of	cratonic	lithosphere	and	
were	previously	recognised	in	xenoliths	and	crustal	geology	appear	to	have	also	le]	
large-scale	imprints	in	seismic	structure	of	the	lithosphere.	
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Model	Rayleigh	wave	phase	veloci0es	between	20	and	160	s	for	two	regions	(Fig.	1)	in	
the	northeastern	part	of	North	America	comprising	the	Superior	craton,	the	largest	
Archean	craton	in	the	world,	and	surrounding	Proterozoic	belts	using	a	grid	search	for	
thermo-chemical	structures	including	metasoma9c	composi9ons.		

region	A	 region	B	

Rayleigh	wave	phase	veloci0es	are	from:	Foster	et	al	(Gondw.	Res.	2020)	for	the	
Superior	south	of	Hudson	Bay	and	adjacent	Proterozoic	belts	(region	A,	Fig.	2),	
Petrescu	et	al		(JGR,	2017)	for	the	eastern-most	Superior	and	adjacent	Grenville	
(region	B)	.	Only	the	isotropic	component	is	analysed	here.	

region	A		 We	find	four	types	of	dis9nct	composi9onal	structures	are	required	to	match	the	long-
period	phase	veloci9es.	Examples	for	region	A	e	are	shown	in	Fig.	4:	
i.  The	unaltered	oldest	cores	of	the	Superior,			
ii.  Archean	and	Proterozoic	lithosphere	modified	throughout	by	ri]ing	and/or	

plume	ac9vity,	and	two	dis9nct	types	of	subduc9on	signatures:		
iii.  An	Archean/Paleo-Proterozoic	signature	that	includes	a	high-velocity	eclogite	

layer	in	the	mid-lithosphere	and		
iv.  A	post	Paleo-Proterozoic	signature	characterised	by	strongly	altered	shallow	

mantle	lithosphere.		
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