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Supplementary Fig. S1 The estimated Mg content in the core as a function of temperature from metal-silicate partitioning data. The abbreviations B16, OS16, B18, Du17, Du19, and Liu20 correspond to references of Badro et al. (2016), O’Rourke and Stevenson (2016), Badro et al. (2018), Du et al. (2017), Du et al. (2019), and Liu et al. (2020), respectively.
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Supplementary Fig. S2 Equation of state of pure liquid Fe under Earth’s outer core conditions. The equations of state are plotted along different isotherms at 4000 K (a), 5000 K (b), 6000 K (c), and 7000 K (d), respectively. The red solid and dashed lines (this study), green dotted lines(Umemoto and Hirose, 2020), and cyan dash-dot lines(Ichikawa et al., 2014) are from the results of FPMD computations. The yellow dashed lines and blue dash-dot-dot lines are experimental results from shock wave(Anderson and Ahrens, 1994) and inelastic x-ray scattering measurements(Kuwayama et al., 2020).
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Supplementary Fig. S3 Equation of state (at originally computed pressures) of pure liquid Fe and Fe-Mg alloys under Earth’s outer conditions. These equations of state are plotted along different isotherms at 6000 K (a), 6500 K (b), 7000 K (c), and 7500 K (d), respectively. The fitting parameters are listed in Table S1.
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Supplementary Fig. S4 Compressional wave velocity (VP) of pure Fe liquid and Fe-Mg alloying liquids under Earth’s core conditions. (a) The VP of pure Fe liquid at temperatures of 4000 K (green), 5000 K (blue), 6000 K (purple), and 7000 K (red). Fe80 means that a supercell of 80 Fe atoms was used in FPMD simulations. (b) The VP of pure Fe liquid (red and green lines) and Fe-Mg alloying liquids (blue and purple lines) at 4000 K, 5000 K, 6000 K, and 7000 K. Results of six Fe-Mg alloys with super cells of Fe78Mg1, Fe78Mg2, Fe78Mg3, Fe78Mg4, Fe78Mg6, and Fe78Mg8 are plotted. Both originally computed pressures from FPMD simulations (red and blue lines for pure Fe and Fe-Mg alloys, respectively) and corrected pressures for the effect of GGA approximation (green and purple lines for pure Fe and Fe-Mg alloys, respectively) are used for plotting VP. As both temperature and Mg content show limited effects on VP, results at different temperatures and Mg contents are plotted using same colors in (b).
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Supplementary Fig.S5 Optimized outer core compositions for the one-layer model with reduced misfit ∆< 0.25 using the PREM model as constraints. The color bars indicate the Mg content in the outer core in wt%. The solid black circles denote the best-fit compositions.
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Supplementary Fig.S6 Optimized upper outer core and lower outer core compositions for the two-layer model with reduced misfit ∆< 0.25 using the PREM model as constraints. The color bars indicate the Mg content in upper outer core in wt% and the ∆ values for lower outer core, respectively. The solid black circles represent the best-fit compositions. 
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Supplementary Fig.S7 Optimized upper outer core and lower outer core compositions for the two-layer model with reduced misfit ∆< 0.25 using the EPOC model as constraints. The black circles represent the best-fit of composition. The color bars indicate the Mg content in upper outer core in wt% and the ∆ values for lower outer core, respectively. The solid black circles represent the best-fit compositions.













Supplementary Table S1 Best-fit EOS parameters of pure Fe and Fe-Mg alloying liquids
	
	 (g/cm3)
	 (GPa)
	
	a (GPa/K)10-2
	b (GPa/K) 10-2
	Mg§ (wt%)

	Fe80†
	6.96(0.04)
	117.47(3.76)
	4.47(0.03)
	1.43(0.09)
	-1.14(0.15)
	0

	Fe78Mg1†
	6.89(0.07)
	116.85(7.23)
	4.44(0.06)
	1.33(0.14)
	-0.99(0.24)
	0.55

	Fe78Mg2†
	6.78(0.06)
	113.98(5.55)
	4.41(0.05)
	1.53(0.13)
	-1.33(0.23)
	1.10

	Fe78Mg3†
	6.72(0.04)
	115.02(3.38)
	4.37(0.03)
	1.46(0.08)
	-1.24(0.14)
	1.65

	Fe78Mg4†
	6.58(0.05)
	109.68(4.34)
	4.36(0.04)
	1.60(0.09)
	-1.54(0.16)
	2.18

	Fe78Mg6†
	6.36(0.07)
	101.69(6.08)
	4.36(0.05)
	1.56(0.14)
	-1.51(0.26)
	3.24

	Fe78Mg8†
	6.31(0.06)
	107.52(5.82)
	4.26(0.04)
	1.49(0.12)
	-1.39(0.23)
	4.27

	Fe80‡
	6.29(0.06)
	77.61(3.89)
	4.60(0.04)
	1.42(0.09)
	-1.25(0.17)
	0

	Fe78Mg1‡
	6.22(0.11)
	77.62(7.40)
	4.57(0.08)
	1.31(0.13)
	-1.08(0.26)
	0.55

	Fe78Mg2‡
	6.10(0.09)
	75.28(5.71)
	4.53(0.06)
	1.51(0.13)
	-1.46(0.26)
	1.10

	Fe78Mg3‡
	6.06(0.05)
	77.16(3.43)
	4.48(0.03)
	1.44(0.08)
	-1.35(0.16)
	1.65

	Fe78Mg4‡
	5.92(0.07)
	72.43(4.38)
	4.48(0.04)
	1.59(0.09)
	-1.69(0.18)
	2.18

	Fe78Mg6‡
	5.67(0.11)
	65.18(6.10)
	4.48(0.06)
	1.54(0.14)
	-1.68(0.30)
	3.24

	Fe78Mg8‡
	5.67(0.09)
	72.08(5.80)
	4.36(0.05)
	1.47(0.12)
	-1.53(0.25)
	4.27


Notes:
†Fitted EOS parameters using the originally computed pressures from FPMD simulations.
‡Fitted EOS parameters using the corrected pressures for the GGA approximation.
§Mg contents in the Fe-Mg alloying liquids are computed directly from the atomic ratios of the supercells. 
Numbers in parentheses represent 1 errors for the parameters.













Supplementary Table S2 Best-fit parameters for the Grüneisen parameter 
	
	
	

	Fe80†
	1.99(0.04)
	0.74(0.04)

	Fe78Mg1†
	2.06(0.06)
	0.83(0.06)

	Fe78Mg2†
	1.92(0.08)
	0.69(0.08)

	Fe78Mg3†
	1.97(0.04)
	0.77(0.04)

	Fe78Mg4†
	1.77(0.02)
	0.59(0.02)

	Fe78Mg6†
	1.79(0.09)
	0.61(0.09)

	Fe78Mg8†
	1.92(0.03)
	0.78(0.03)

	Fe80‡
	2.12(0.05)
	0.74(0.04)

	Fe78Mg1‡
	2.22(0.08)
	0.83(0.06)

	Fe78Mg2‡
	2.04(0.10)
	0.69(0.08)

	Fe78Mg3‡
	2.10(0.05)
	0.77(0.04)

	Fe78Mg4‡
	1.86(0.03)
	0.59(0.02)

	Fe78Mg6‡
	1.90(0.11)
	0.61(0.09)

	Fe78Mg8‡
	2.06(0.04)
	0.78(0.03)


Notes:
†Fitted parameters using the originally computed pressures from FPMD simulations.
‡Fitted parameters using the corrected pressures for the GGA approximation.
Numbers in parentheses represent 1 errors for the parameters.















Supplementary Table S3 Computed pressure-volume data for hcp-Fe60Mg4 under inner core conditions (330 GPa and 6000 K)
	P (GPa)
	V(Å3)

	344.5
	434.1

	325.5
	440.7

	324.2
	441.1

	322.5
	441.7


The calculated atomic volumes of Mg and Fe in hcp structured Fe-Mg alloys at 330 GPa and 6000 K are 7.777 Å3 (this study) and 6.80 Å3 (our previous study(Liu and Jing, 2024)).
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