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Figure S1  The evolution of melt generation rate and accumulated melt volume for models with different 660-km phase transition Clapeyron slopes (in MPa/K), different depths of the Mid-Lithospheric Discontinuity (MLD) on which lithospheric delamination occurs (in km), and differing plume temperatures above the ambient mantle temperature (in K). Melt generation rates and melt volumes decrease with decreasing plume temperature (e.g., (b) vs. (a)), an increasing magnitude of Clapeyron slope at 660 km depth (e.g., (e) and (i) vs. (a)), and increasing depth to the top of the  Mid-Lithospheric Discontinuity (e.g., (a) vs. (c)). 







Table S1 Viscous flow laws used in the numerical experiments a.
	Symbol
	Flow Law
	E
(kJ mol-1)
	V
(J MPa-1mol-1)
	n
	η0
(Pan s)

	A
	Wet quartzite
	154
	8
	2.3
	[bookmark: OLE_LINK7][bookmark: OLE_LINK15]1.97×1017

	B
	Plagioclase
	238
	8
	3.2
	4.80×1022

	C
	Dry olivine
	532
	8
	3.5
	1.19×1017

	D
	Wet olivine
	470
	8
	4.0
	5.01×1020

	E
	Molten felsic
	0
	0
	1.0
	1.00×1019


a References are from 65-73. 

Table S2 Material properties used in the numerical experiments.
	Material
	State
	  ρ0
	Tsolidusb
	Tliquidusb
	Viscous
	Plasticd

	
	
	(kg m-3)
	 (K)
	 (K)
	flow lawc
	[bookmark: OLE_LINK200][bookmark: OLE_LINK201]sin(φeff[image: ])

	Continental upper crust 
	Solid
	2700
	TS
	TL
	A
	0.15

	Continental lower crust
	Solid
	3000
	TS
	TL
	B
	0.15

	Mantle
	Dry
	3300
	TS    
	TL
	C
	0.60

	
	Hydrated
	3200
	TS
	TL
	D
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]0.06

	
	MLDe
	3300
	TS
	TL
	E
	0.06

	
	Plume
	3300
	TS
	TL
	D
	0.06 

	
	[bookmark: OLE_LINK114]Molten
	2900
	TS
	TL
	E
	0.06

	References
	–
	72, 73
	  36
	  36
	–
	[bookmark: OLE_LINK61]–


b TS=1085.7+132.9P -5.1P2 ;TL=1475.0+80.0P -3.2 P2, in which P is pressure in GPa.
c Parameters of viscous flow laws are shown in Table S1.
d The plastic cohesion is 3 MPa for all material in all the experiments. [image: ] φeff is the effective internal frictional angle implemented for plastic rheology.
e MLD stands for the properties of the mid-lithosphere discontinuity (MLD) layer.


Table S3. Summary of identified potential delaminated lithosphere regions beneath Gondwana and North America. 
	Name of Delaminated Regions in Gondwana
	Percentage of Total Area
 at 600 km Depth (%)
	Region Area 
at 600 km Depth (m2)

	Region1
	0.164
	6.85☓1011

	Region2
	0.105
	4.41☓1011

	Region3
	0.069
	2.88☓1011

	Region4
	0.128
	5.38☓1011

	Region5
	0.064
	2.70☓1011

	Region6
	0.125
	5.25☓1011

	Total
	0.655
	27.47☓1011



	Name of Delaminated Regions in North America
	Percentage of Total Area
 at 500 km Depth (%)
	Region Area 
at 500 km Depth (m2)

	Region1
	0.109
	4.73☓1011

	Region2
	0.011
	4.63☓1010

	Total
	0.120
	5.22☓1011


Total Area (Gondwana + North America): 3.3☓1012  m2 = 3.3☓106  km2
Heat flux from delaminated lithosphere: 0.062 TW


Details of the Mass flux and heat flux calculations
We first calculate the area A of potential delaminated lithosphere regions beneath Gondwana and North America (Fig. 2b and Table S3). Then the volume of delaminated lithosphere is calculated as:
 						(S1),
where A is the area of delaminated lithosphere, and d is the thickness of the delaminated lithosphere keel, which is assumed to be ~100 km in thickness.
The mass flux due to the delamination of lithosphere keel is:
	(S2),
where  is the density of delaminated lithosphere, and  is the total time for the delaminated lithosphere to accumulate to the volume of V. Here we take this time to be 200 Myr.
The calculation of heat flux due to the delamination of lithosphere keel is calculated as follows. First, we determine the lithospheric temperature profile change before and after the delamination of lithosphere keel. Before the delamination process, the continental geotherm is simplified to be a linear profile with the bottom temperature of ~1300 (Turcotte and Schubert, 2002). After delamination, hot asthenospheric material fills in the hole where the lithosphere keel has delaminated and the temperature increases. The average temperature increase  is assumed to be ~300-450 . Therefore, the heat change of this process is:
                                                                                                        (S3),
where  is mass and  is heat capacity.
Considering an average temperature increase of 300 K the heat flux would be:
	  (S4).
This is 1.2% of the total mantle heat flux through continents, which is of order ~5 TW (Jaupart and Mareschal, 2015), and 2.1% of the total heat flux associated with subducting slabs, which is ~29 TW (Morgan et al., 2016). If we imagine an average temperature increase  of 450 , the associated delamination ‘cooling flux’ would be 0.093 TW, 1.9% of the total mantle heat flux through continents.
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