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Extended DataFig.7|Horizontal stress map of the models. a, noincoming slabsinking, and (3) interaction with the 660 km discontinuity. The slab lengths
plate sediments, b, 1km-thickincoming plate sediments with pore pressure of correspondingto the three stagesare 300 km,400 kmand 800 kmrespectively.
0.60, and ¢, 1km-thickincoming plate sediments with pore pressure of 0.90 Inthis figure, a positive stress indicates an extensional tectonic setting, and a

roughly at the stages of the (1) kinematically constrained subduction, (2) free negative stressindicatesacompressional tectonic setting.
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Extended DataFig. 8| Global total sediment thickness. a, deep sedimentary
basins straddle the rifted continental margins, especially at high-discharge

river mouths (showninblack). Sediment thickness depicts datafrom

55°E
Straume et al.**. b-f, sediment thickness map for different areasin Extended
DataFig. 8a, the solid blue linerepresents the ocean-continent boundary®.
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Extended Data Table 1| The elemental and isotopic compositions of the end-members for Sr-Nd isotope binary mixing
simulation

End- Elements (ppm) Isotopes

members Sr Nd 87Sr/%Sr) Ena(t)

Subducted sediments (Tethys-Himalaya)

46.4 32.7 0.753141 -18.09
297 25.7 0.733451 -16.27
99.7 34 0.761221 -13.32
229 13 0.735692 -7.42
93 33.7 0.758542 -13.67
38 43.6 0.775981 -16.08
61 25.7 0.773708 -15.73
87 333 0.752422 -11.29
67 25 0.774694 -12.94
53 25.7 0.774423 -14.88
63 323 0.765592 -12.90
85 46.8 0.754544 -13.31

Subducted sediments (High-Himalaya)

135 29.9 0.740053 -16.88
76.3 47.6 0.768227 -7.43
120 31.2 0.747841 -15.10
86 32.4 0.738382 -12.49
122 29.7 0.740685 -12.22
51.3 40.5 0.760685 -15.78
121 233 0.747635 -15.04
72.7 22.2 0.729667 -15.54

Depleted Mantle (DM)
7.664 0.581 0.702630 9.60

The trace element and radiogenic isotope compositions of DM are after Workman and Hart (2005)”. The trace element and radiogenic isotope compositions for the subducted sediments
(Tethys-Himalaya and High-Himalaya) are reported by Richards et al.”*, and the radiogenic isotope compositions data are both age-corrected to 70 Ma.



Extended Data Table 2 | Physical properties of rocks used in numerical experiments

81,82,96-101

Material

po

(kg/m3)

Thermal conductivity

(W/m/K at Tx, Pwira)

Flow law

Incoming plate

sediment

Upper oceanic

crust (basalt)

Lower oceanic

crust (gabbro)

Upper

continental crust

Lower

continental crust

Lithospheric

mantle

Asthenospheric

mantle

Weak zone

mantle

2800

3000

3000

2700

3000

3300

3300

3200

1.18+474/(T+77)

xexp(0.00004P)

1.18+474/(T+77)

xexp(0.00004P)

1.18+474/(T+77)

xexp(0.00004P)

1.18+474/(T+77)

xexp(0.00004P)

1.18+474/(T+77)

xexp(0.00004P)

0.73+1293/(T+77)

xexp(0.00004P)

0.73+1293/(T+77)

xexp(0.00004P)

0.73+1293/(T+77)

xexp(0.00004P)

Wet quartzite, A=1.97x10'7 Pa s, n=2.3,
E=154000 J/mol, V=8 J/mol/MPa, C=1
MPa, u=0.35, pore pressure=0.60-0.99
Wet quartzite, A=1.97x10'7 Pa s, n=2.3,
E=154000 J/mol, V=8 J/mol/MPa, C=1
MPa, us=0.60, pore pressure=0.60
Plagioclase, A=4.80x10?> Pa s, n=3.2,
E=238000 J/mol, V=8 J/mol/MPa, C=1
MPa, us=0.85, pore pressure=0.40

Wet quartzite, A=1.97x10'7 Pa s, n=2.3,
E=154000 J/mol, V=12 J/mol/MPa, C=1
MPa, us=0.72, pore pressure=0.40
Granulite, A=1.25x10?! Pa s, n=4.2,
E=445000 J/mol, V=8 J/mol/MPa, C=1
MPa, us=0.25, pore pressure=0.00

Dry olivine, A=3.98x10' Pa s, n=3.5,
E=532000 J/mol, V=8 J/mol/MPa, C=1
MPa, us=0.60, pore pressure=0.00

Dry olivine, A=3.98x10' Pa s, n=3.5,
E=532000 J/mol, V=8 J/mol/MPa, C=1
MPa, us=0.60, pore pressure=0.00

Wet olivine, A=5.01x10%° Pa s, n=4.0,
E=470000 J/mol, V=8 J/mol/MPa, C=1

MPa, us=0.00, pore pressure=0.40

N is the reference viscosity; n is the stress exponent; E, is the activation energy; V, is the activation volume; p, is the reference density; G is the shear modulu; y, is the static friction coefficient,

and C is cohesion.





