Comparison of thermal conductivity of olivine from previous studies
    Thermal conductivity of pure olivine measured in this study lies above all the previous studies at temperatures higher than 800 K, and lies between previous data below 800 K (Supplementary Fig. 11). It means that we may underestimate the MORB effect on thermal conductivity of silicate minerals if thermal properties of pure olivine are the same with previous studies. In other words, the MORB effect on thermal conductivity at the CMB may be even stronger than currently estimated. Therefore, we believe that our study places a lower limit of facilitating effect from MORB on heat flow at the CMB. 
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Supplementary Fig. 1 | Raw thermal diffusivity (a) and conductivity (b) of pure and MORB-bearing olivine aggregate as functions of MORB volume fractions and temperature before correction. A bulge is observed in pure olivine aggregate at 1300 – 1600 K, which could be caused by radiative transfer. Such effect of the same magnitude is removed in all MORB melt-bearing systems for clarification (Fig. 1). 
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Supplementary Fig. 2 | Mean free path calculated from thermal conductivity of olivine and MORB-bearing systems. Filled symbols are calculated from raw data. Solid and dashed lines are calculated from fitting lines of thermal conductivity of MORB-bearing and -free system without melting respectively. 
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Supplementary Fig. 3 | Thermal resistivity as a function of MORB fraction and temperature. MORB fraction lower than 1.2 vol. % shows linear relationship with thermal resistivity (blue region), while high than that deviates it. 
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Supplementary Fig. 4 | Thermal conductivity increase extent of MORB-bearing system after melting as functions of MORB fraction and temperature, compared with thermal conductivity of olivine. κOl represents thermal conductivity of pure olivine. 
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Supplementary Fig. 5 | Thermal conductivity of MgSiO3 bridgmanite from previous studies. Dotted line is the fitting line. One obviously deviated data was excluded. 
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Supplementary Fig. 6 | Configuration of 25/17 cell assembly for thermal diffusivity measurement.
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Supplementary Fig. 7 | Part of typical recorded temperature waves consisting 10 cycles and fitting lines at 0.2 and 1.2 Hz at 1 GPa, 1200 K (run M973). Cross symbols are collected data and solid black lines are fitting result using sine wave function. 
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supplementary Fig. 8 | Thermal diffusivities of olivine aggregates with various MORB fraction. Yellow- and green-filled circles are diffusivities obtained from heating and cooling path respectively. Error bar is standard deviation of thermal diffusivities from 6 different modulation frequencies. 
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Supplementary Fig. 9 | Melt distribution after thermal diffusivity measurement under scanning electron microscope (SEM). Blue regions in (d) are MORB glass while the red regions are olivine matrix. 


[image: ]
Supplementary Fig. 10 | Heat capacity of MORB-bearing olivine aggregate. Black solid line represents heat capacity of MORB-bearing olivine. Green region defines heat capacity range of olivine aggregate containing various amount of MORB glass/melt (from 0.1 to 10 vol. %) before and after complete melting of glass. 
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Supplementary Fig. 11 | Thermal conductivity of olivine from previous studies. At temperatures above 800 K, our data exceeds those from previous studies which means that MORB effect on facilitating thermal conductivity of olivine might be even more significant. 

Supplementary Table 1 | Summary of fitting parameters for thermal conductivity of MORB-free and -bearing olivine written as 
	Run No.
	a0
	a1

	M967
	2.35
	799.66

	M927
	3.65
	1987.81

	M973
	3.09
	1152.53

	M968
	2.20
	1091.47

	M974
	2.78
	668.90

	M971
	3.94
	1369.53




Supplementary Table 2 | Summary of conditions for sintering experiments
	Run No.
	Starting material
	Capsule
	P (GPa)
	T (K)
	Duration 

	M959
	pure SCOs
	Re
	1
	1073
	1 hour

	M918
	SCOs + 0.1 vol. % MORB
	
	3
	1173
	

	M970
	SCOs + 0.6 vol. % MORB
	
	1
	1073
	

	M960
	SCOs + 1.2 vol. % MORB
	
	
	
	

	M972
	SCOs + 5 vol. % MORB
	
	
	
	

	M971
	SCOs + 10 vol. % MORB
	
	
	
	




Supplementary Table 3 | Summary of conditions for thermal diffusivity measurements
	Run No.
	Starting material
	Insulator
	P (GPa)
	T range (K)
	Measurement Frequency (Hz)

	M967
	M959 (no MORB)
	Re
	

1 
	

300 – 1600
	0.2, 0.4, 0.6, 0.8, 1.0, 1.2

	M927
	M918 (0.1 vol. % MORB)
	Al2O3
	
	
	0.2, 0.4, 0.7, 1.0, 1.2, 1.5

	M973
	M970 (0.6 vol. % MORB)
	Re

	
	
	0.2, 0.4, 0.6, 0.8, 1.0, 1.2

	M968
	M960 (1.2 vol. % MORB)
	
	
	
	

	M974
	M972 (5 vol. % MORB)
	
	
	
	

	M971
	M963(10 vol. MORB)
	
	
	
	




Supplementary Table 4 | Parameters used for thermal diffusivity calculation
	α0
	0.2854×10-4

	α1
	1.0080×10-8

	α2
	-0.3842

	K0 (GPa)
	126.3

	K'
	4.29

	 (GPa/K)
	-0.021


α0, α1 and α2 are from Fei (1995), K0, K’ and ρ are from Abramson et al. (1997),  is from Meng et al. (1993). 
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