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Text S1. Data processing
The sound velocities of samples were calculated by V = l/t, where V is P or S wave velocity, l is the sample length, and t is P or S wave travel time in the sample. In this study, the uncertainty of length and travel time is about ±0.4% and ±0.1%, respectively, leading to an uncertainty of ~0.5% in velocity.
The elastic modulus at high pressure and high temperature yield:
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Where K and G are bulk and shear moduli, respectively. Combining with the uncertainty of density (~0.05%), the uncertainty of elastic moduli is about 1.1-1.5%.
To obtain the elastic moduli as well as their pressure derivatives at ambient conditions, the density and velocity data were fitted to the third-order finite strain equations [Davies and Dziewonski, 1975]:
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where  and  are the adiabatic bulk modulus and shear modulus at ambient conditions, respectively;  and  are their pressure derivative.
	For high pressure and high temperature experiments at synchrotron source, the pressure and temperature derivatives of elastic moduli were fitted by modified finite strain method [Li and Zhang, 2005; Wang et al., 2021]. By assuming each datum was raised along adiabatic compression with different foot temperature (Tfoot) at zero pressure, all data at high pressure and high temperature was fitted to equation (3)-(12). The adiabatic foot temperature and the thermoelastic properties (density, elastic moduli and their isentropic pressure derivatives) at zero pressure and foot temperature were calculated by following equations: 
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Where  is the thermal expansion coefficient. Considering the pressure and temperature range of current experiments, the cross-derivatives  and were assumed to be zero. In addition, the Grüneisen parameter () was constrained by , where C is a constant. By given estimated KS0, KS0′, G0, G0′, , and , those values were then refined by minimize the difference between observed and calculated VP and VS using equation (3)-(4), (6)-(12), and (13)-(19).
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Figure S1 Secondary electrons image of the stishovite sample’s broken surface
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Figure S2 Energy-dispersive X-ray diffraction of stishovite at ambient conditions. Sample was in the cell assembly. Stv: stishovite, Frt: forsterite (Mg2SiO4) thermal insulator, BN: born nitride sample capsule, Au: gold foil.
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Figure S3 Schematic 14/8 cell assembly for ultrasonic experiment at high pressure and high temperature
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Figure S4 Representative compressional (P) and shear (S) wave signals at 12.1 GPa and 27 °C
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Figure S5 Le Bail fitting of representative stishovite XRD pattern at (A) ambient conditions, and (B) 13.8 GPa, 800°C.
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[bookmark: _Hlk168330561]Figure S6 Representative X-radiographic image. Image file read as a gray scale plot (right). Two peaks in darkness scale correspond to the Au foils at the top and bottom of the stishovite sample. Sample length (l) was determined by peak positions.
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Figure S7 Bulk and shear moduli of stishovite
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Figure S8 Compressional (P) and shear (S) velocities of coesite [Chen et al., 2017; Chen et al., 2015] and stishovite along adiabatic temperature + 170°C
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Figure S9. Mineral proportions in (a) eclogite [Aoki and Takahashi, 2004] and (b) harzburgite as a function of depth. Coe: coesite, Stv: Stishovite, Grt: Garnet, Cpx: clinopyroxene, Ol: olivine, Wad: wadsleyite.

Table S1. Sound velocities and elastic moduli of stishovite up to 14.5 GPa and 800°C
	Pressure (GPa)
	Temperature (°C)
	VP (km/S)
	VS (km/S)
	ρ (g/cm3)
	KS (GPa)
	G (GPa)

	14.5(2)
	800(5)
	12.277(61)
	7.223(36)
	4.417(2)
	353.9(53)
	227.7(34)

	13.8(2)
	800(5)
	12.238(61)
	7.214(36)
	4.407(2)
	349.7(52)
	226.7(34)

	13.4(2)
	800(5)
	12.222(61)
	7.201(36)
	4.402(2)
	348.7(52)
	225.6(34)

	12.1(2)
	800(5)
	12.163(61)
	7.200(36)
	4.386(2)
	341.4(51)
	224.7(34)

	10.9(2)
	800(5)
	12.099(60)
	7.196(36)
	4.370(2)
	333.9(50)
	223.6(34)

	14.3(2)
	600(5)
	12.316(62)
	7.247(36)
	4.431(2)
	357.2(54)
	230.0(35)

	13.5(2)
	600(5)
	12.299(61)
	7.256(36)
	4.421(2)
	353.8(53)
	230.0(35)

	13.4(2)
	600(5)
	12.264(61)
	7.244(36)
	4.420(2)
	351.0(53)
	229.2(34)

	11.7(2)
	600(5)
	12.21(61)
	7.234(36)
	4.399(2)
	344.5(52)
	227.5(34)

	10.6(2)
	600(5)
	12.162(61)
	7.241(36)
	4.384(2)
	337.7(51)
	227.1(34)

	13.9(2)
	400(5)
	12.378(62)
	7.300(36)
	4.443(2)
	360.4(54)
	233.9(35)

	13.0(2)
	400(5)
	12.349(62)
	7.301(37)
	4.432(2)
	356.2(53)
	233.4(35)

	12.9(2)
	400(5)
	12.325(62)
	7.290(36)
	4.430(2)
	354.4(53)
	232.7(35)

	11.6(2)
	400(5)
	12.267(61)
	7.293(36)
	4.414(2)
	346.8(52)
	232.0(35)

	10.2(2)
	400(5)
	12.207(61)
	7.284(36)
	4.396(2)
	339.8(51)
	230.5(35)

	13.5(2)
	200(5)
	12.424(62)
	7.336(37)
	4.452(2)
	363.0(54)
	236.7(36)

	12.7(2)
	200(5)
	12.398(62)
	7.339(37)
	4.442(2)
	359.1(54)
	236.4(35)

	12.6(2)
	200(5)
	12.383(62)
	7.323(37)
	4.440(2)
	358.7(54)
	235.3(35)

	11.3(2)
	200(5)
	12.337(62)
	7.332(37)
	4.424(2)
	351.7(53)
	235.0(35)

	9.9(2)
	200(5)
	12.275(61)
	7.329(37)
	4.407(2)
	344.1(52)
	233.9(35)

	13.1(2)
	27(5)
	12.445(62)
	7.362(37)
	4.458(2)
	363.5(55)
	238.7(36)

	12.2(2)
	27(5)
	12.425(62)
	7.357(37)
	4.447(2)
	360.9(54)
	237.8(36)

	12.2(2)
	27(5)
	12.424(62)
	7.356(37)
	4.447(2)
	360.9(54)
	237.7(36)

	10.7(2)
	27(5)
	12.362(62)
	7.347(37)
	4.428(2)
	353.4(53)
	236.2(35)

	9.8(2)
	27(5)
	12.320(62)
	7.352(37)
	4.417(2)
	347.6(52)
	235.9(35)

	9.6(2)
	27(5)
	12.317(62)
	7.355(37)
	4.415(2)
	346.9(52)
	235.9(35)

	7.6(2)
	27(5)
	12.242(61)
	7.347(37)
	4.389(2)
	337.6(51)
	234.0(35)

	6.3(2)
	27(5)
	12.196(61)
	7.342(37)
	4.372(2)
	331.9(50)
	232.8(35)

	4.7(2)
	27(5)
	12.163(61)
	7.331(37)
	4.352(2)
	327.9(49)
	231.1(35)

	3.5(2)
	27(5)
	12.124(61)
	7.326(37)
	4.336(2)
	323.1(48)
	229.9(34)

	Ambient
	Ambient
	
	
	4.287(2)
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