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Fig. S1. (a) Pressure dependence of the relative unit-cell parameters in the monoclinic phase (mC4-model) of FeO, determined by the single crystal X-ray diffraction studies. Pressure dependence of the Fe-O (b) and Fe-Fe (c) distances in the monoclinic phases (mC4-model and mP4). The Fe-OX and Fe-FeX in (b) and (c) show the different Fe-O and Fe-Fe distances in the structure the monoclinic phases (mC4-model and mP4) of FeO. (d) The distortion of Fe-O octahedron and Fe-Fe distance splitting in the monoclinic phases (mC4-model and mP4) at 78 GPa.
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Fig. S2. Selected SMS spectra of FeO at indicated pressures and room temperature. The blue arrows show the broadening of the low-pressure doublet that indicates the onset of magnetic ordering at 15 GPa. The green arrow shows the shoulder of the minor charge transfer component from 21 to 73 GPa. The cyan box shows the low-spin singlet of FeO at 94 GPa. The percentage bars indicate the relative absorptions.
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Fig. S3. Pressure evolution of the relative abundances of the Mössbauer spectral components of FeO at room temperature.
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Fig. S4. Selected Mössbauer spectra of FeO measured at indicated pressure-temperature conditions. The percentage bars indicate the relative absorptions. FeO was heated by resistive heating at 26.5 GPa, and other pressures were heated by laser heating.
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Fig. S5. The selected powder XRD pattern of the FeO sample after laser-heating at ~ 78.8 GPa and ~ 1300 K. Insets show portions
of azimuthally unwrapped (caked) 2D diffraction images. The pattern matches the mP4 phase identified by single-crystal XRD. The reflections that are too weak in the non-heated monoclinic phase (mC4 model) are indicated with asterisks. We also note a very tiny amount of reflections from novel iron oxide Fe25O32 (ref.2). The dash lines are guides for the eye.
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Fig. S6. Temperature dependence of the hyperfine magnetic field Bhf in FeO high-pressure polymorphs at the indicated pressures. For the crystallographic description of the phases please refer to the main text.

Table S1 Refined unit-cell and crystal-chemical parameters of FeO for mC4 and mP4 model from single-crystal XRD data.
	P (GPa)
	a (Å)
	b (Å)
	c (Å)
	β (º)
	V (Å3)
	Z
	V/Z
	Vpoly (Å3)
	d(Fe-O1)
	d(Fe-O2)
	d(Fe-Fe1)
	d(Fe-Fe2)
	model
	R1_all
	R1
	wR2
	GOOF

	42.6
	4.836(2)
	2.725(1)
	2.992(2)
	124.06(7)°
	32.64(3)
	2
	16.34
	10.8813
	2.008(2)
	2.023(1)
	2.723(1)
	2.775(1)
	mC4
	0.0364
	0.0364
	0.1088
	1.372

	47.6
	4.808(3)
	2.710(2)
	2.986(4)
	123.86(13)°
	32.31(7)
	2
	16.16
	10.7694
	2.002(4)
	2.016(2)
	2.710(2)
	2.760(1)
	mC4
	0.0776
	0.0777
	0.2167
	1.301

	51.3
	4.758(4)
	2.697(2)
	2.968(6)
	123.60(20)°
	31.71(10)
	2
	15.85
	10.5759
	1.989(5)
	2.005(2)
	2.697(2)
	2.735(2)
	mC4
	0.0833
	0.0812
	0.2291
	1.231

	55.9
	4.741(4)
	2.684(2)
	2.957(5)
	123.61(16)°
	31.34(8)
	2
	15.67
	10.4457
	1.981(4)
	1.997(2)
	2.684(2)
	2.724(2)
	mC4
	0.0602
	0.0592
	0.1474
	1.198

	58.5
	4.739(5)
	2.680(2)
	2.957(5)
	123.60(19)°
	31.28(10)
	2
	15.64
	10.4269
	1.981(5)
	1.995(2)
	2.680(2)
	2.722(2)
	mC4
	0.065
	0.0637
	0.181
	1.2

	64.5
	4.706(6)
	2.643(4)
	2.945(8)
	123.60(30)°
	 30.50(14)
	2
	15.25
	10.1699
	1.967(8)
	1.979(3)
	2.643(4)
	2.699(3)
	mC4
	0.0796
	0.078
	0.2086
	1.218

	67.1
	4.691(5)
	2.641(4)
	2.939(7)
	123.60(20)°
	30.34(12)
	2
	15.17
	10.1092
	1.961(6)
	1.976(3)
	2.641(4)
	2.692(2)
	mC4
	0.086
	0.0819
	0.2142
	1.18

	70.5
	4.665(7)
	2.629(4)
	2.927(9)
	123.60(30)°
	29.90(15)
	2
	14.95
	9.9666
	1.951(8)
	1.967(4)
	2.629(4)
	2.677(3)
	mC4
	0.0799
	0.0799
	0.2136
	1.354

	74.2
	4.664(7)
	2.625(6)
	2.932(9)
	123.50(30)°
	29.94(17)
	2
	14.97
	9.9779
	1.953(1)
	1.967(4)
	2.625(6)
	2.676(3)
	mC4
	0.0819
	0.0762
	0.1841
	1.197

	78
	4.653(10)
	2.614(6)
	2.914(14)
	123.40(5)°
	29.60(20)
	2
	14.80
	9.8631
	1.950(13)
	1.957(6)
	2.614(6)
	2.669(5)
	mC4
	0.0747
	0.0665
	0.1539
	1.055



	P (GPa)
	a (Å)
	b (Å)
	c (Å)
	β (º)
	V (Å3)
	Z
	V/Z
	Vpoly (Å3)
	d(Fe-O1)
	d(Fe-O2)
	d(Fe-O3)
	d(Fe-O4)
	d(Fe-Fe1)
	d(Fe-Fe2)
	d(Fe-Fe3)
	model
	R1_all
	R1
	wR2
	GOOF

	42.6
	4.838(2)
	2.725(11)
	2.992(2)
	124.06(7)°
	32.68(4) 
	2
	16.34
	10.892
	2.005(3)
	2.015(3)
	2.021(2)
	2.027(2)
	2.715(1)
	2.725(1)
	2.838(1)
	mP4
	0.0579
	0.0558
	0.1624
	1.113

	47.6
	4.805(3)
	2.708(2)
	2.984(4)
	123.84(13)° 
	32.25(7) 
	2
	16.125
	10.75
	1.999(4)
	2.006(4)
	2.012(4)
	2.019(4)
	2.693(2)
	2.708(2)
	2.823(2)
	mP4
	0.0824
	0.0791
	0.2318
	1.149

	51.3
	4.760(3)
	2.697(16)
	2.964(4)
	123.66(15)°
	31.67(8) 
	2
	15.835
	10.558
	1.979(6)
	1.998(6)
	1.995(5)
	2.013(5)
	2.662(2)
	2.697(2)
	2.810(3)
	mP4
	0.1052
	0.1027
	0.2804
	1.174

	55.9
	4.747(4)
	 2.686(3)
	2.954(5)
	123.59(17)° 
	31.38(9) 
	2
	15.69
	10.459
	1.978(7)
	1.993(7)
	1.995(7)
	1.999(7)
	2.648(3)
	2.686(3)
	2.809(3)
	mP4
	0.1226
	0.1212
	0.3638
	1.787

	58.5
	4.735(4)
	2.674(19)
	2.954(5) 
	123.67(16)°
	31.13(8)
	2
	15.565
	10.376
	1.969(6)
	1.988(6)
	1.988(7)
	1.997(8)
	2.637(3)
	2.674(2)
	2.803(3)
	mP4
	0.1129
	0.1098
	0.348
	1.565

	64.5
	4.703(5)
	2.641(3) 
	2.938(7) 
	123.60(2)°
	30.41(11)
	2
	15.205
	10.132
	1.948(13)
	1.985(13)
	1.961(19)
	1.961(19)
	2.613(5)
	2.641(3)
	2.782(5)
	mP4
	0.1255
	0.1191
	0.2695
	1.249

	67.1
	4.699(5)
	2.646(3)
	2.941(7) 
	123.60(2)°
	30.47(12)
	2
	15.235
	10.153
	1.933(9)
	1.997(9)
	1.957(12)
	2.000(12)
	2.610(4)
	2.646(3)
	2.784(4)
	mP4
	0.1264
	0.1137
	0.3156
	1.267

	70.5
	4.677(7)
	2.630(3) 
	2.930(8) 
	123.70(3)° 
	29.97(14) 
	2
	14.985
	9.995
	1.915(11)
	1.992(11)
	1.939(16)
	1.999(17)
	2.594(5)
	2.630(3)
	2.774(5)
	mP4
	0.1051
	0.0958
	0.267
	1.156

	74.2
	4.672(7)
	2.625(3)
	2.950(9) 
	123.60(3)°
	30.13(15) 
	2
	15.065
	9.985
	1.904(17)
	2.001(17)
	1.938(24)
	1.999(24)
	2.599(7)
	2.624(4)
	2.763(7)
	mP4
	0.1292
	0.1184
	0.2212
	1.209

	78
	4.675(11)
	2.613(4)
	2.934(14) 
	123.60(5)°
	29.90(2) 
	2
	14.95
	9.951
	1.910(18)
	2.001(18)
	1.942(19)
	1.988(20)
	2.588(7)
	2.613(4)
	2.769(8)
	mP4
	0.1789
	0.1396
	0.3698
	1.244

	78-heated*
	4.670(60)
	2.646(2)
	2.953(16)
	123.70(12)°
	30.40(50)
	2
	15.2
	10.120
	1.910(5)
	2.000(5)
	1.956(17)
	2.003(19)
	2.510(30)
	2.646(2)
	2.860(40)
	mP4
	0.1434
	0.1265
	0.3012
	1.185


*presents the pattern collected after heating

	Phases
	rB1-FeO
	mC4 model-FeO
	mC4 model-FeO
	mP4-FeO

	Pressure (GPa)
	38.8
	42.6
	78
	78

	Temperature (K)
Mr
	297
71.85
	297
71.85
	297
71.85
	after laser heating at 1700 K
71.85

	Crystal system, space group
	Rhombohedral, R-3m
	Monoclinic, C2/m
	Monoclinic, C2/m
	Monoclinic, P21/m

	Lattice parameter, a (Å)
	2.790(3)
	4.836(2)
	4.653(10)
	4.670(60)

	Lattice parameter, b (Å)
	2.790(3)
	2.725(1)
	2.614(6)
	2.646(2)

	Lattice parameter, c (Å)
	7.370(12)
	2.992(2)
	2.914(14)
	2.953(16)

	β (°)
	90
	124.06(7)
	123.40(50)°
	123.70(12)°

	γ (°)
	120
	90
	90
	90

	Unit cell volume, V (Å3)
	49.67(11)
	32.64(3)
	29.60(20)
	30.40(50)

	Z
	3
	2
	2
	2

	Radiation type
	X-ray, λ = 0.2966 Å

	No. of measured, independent and observed 
[I > 2σ(I)] reflections
	90, 40, 40
	88,59,59
	73, 47, 40
	159, 92, 71

	Rint(F2)
(sin θ/λ)max (Å−1)
	0.058
1.009
	0.07
1.018
	0.021
1.018
	0.118
1.030

	R[F2 > 2σ(F2)], wR(F2), S
	0.077, 0.178, 1.27
	0.036, 0.110, 1.37
	0.067, 0.149, 1.055
	0.1265, 0.301, 1.185

	data/parameters ratio
	40/5
	60/10
	44/6
	92/13

	Δρmax, Δρmin (e Å−3)
	1.34, −1.78
	0.97, −0.87
	1.41, −0.92
	1.60, −1.29


 Table S2 Details of crystal structure refinements of FeO high-pressure phases
Table S3 Mössbauer hyperfine parameters of FeO at high pressure before and after heating.
	P (GPa)
	Spectral components
	CS (mm/s)
	QS (mm/s)
	Magnetic field (T)
	Assignment

	ES-212-before heating

	2
	Doublet
	0.96(1)
	0.29(1)
	-
	Fe2+

	
	Singlet 
	0.21(6)
	-
	-
	Fe3+

	6.5
	Doublet
	0.94(1)
	0.27(1)
	-
	Fe2+

	
	Singlet 
	0.17(1)
	-
	-
	Fe3+

	30
	Magnetic sextet
	0.87(1)
	0.18(1)
	40.51(5)
	Fe2+

	
	Magnetic sextet
	0.72(3)
	-0.22(4)
	41.29(40)
	Fe2.5+

	ES-326-before heating

	1.5
	Doublet
	0.95(1)
	0.29 (1)
	-
	Fe2+

	
	Singlet 
	0.26(6)
	-
	-
	Fe3+

	8.6
	Doublet
	0.95(1)
	0.25(2)
	-
	Fe2+

	
	Singlet 
	0.22 (7)
	-
	-
	Fe3+

	15
	Doublet
	0.90(1)
	0.23(1)
	-
	Fe2+

	
	Singlet 
	0.20(fixed)
	-
	-
	Fe3+

	20.5
	Magnetic sextet
	0.94(1)
	0.13(1)
	33.59(7)
	Fe2+

	28.4
	Magnetic sextet
	0.90(1)
	0.19(1)
	39.20(4)
	Fe2+

	
	Magnetic sextet
	0.71(2)
	-0.30(fixed)
	41.36(57)
	 Fe2.5+

	34.5
	Magnetic sextet
	0.87(1)
	0.17(1)
	41.61(4)
	Fe2+

	
	Magnetic sextet
	0.70(2)
	-0.26(3)
	43.81(63)
	  Fe2.5+ 

	ES-565-before heating

	40.6
	Magnetic sextet
	0.85(1)
	0.15(1)
	43.29(5)
	Fe2+

	
	Magnetic sextet
	0.66(1)
	-0.15(5)
	44.77(54)
	Fe2.5+

	ES-1071-before heating

	21
	Magnetic sextet
	0.94(2)
	0.29(2)
	33.85(5)
	Fe2+

	
	Magnetic sextet
	0.68(3)
	-0.24(3)
	34.01(33)
	Fe2.5+

	25
	Magnetic sextet
	0.90(1)
	0.18(1)
	38.05(2)
	Fe2+

	
	Magnetic sextet
	0.67(3)
	-0.30(3)
	39.26(19)
	Fe2.5+

	34.2
	Magnetic sextet
	0.87(1)
	0.17(1)
	40.75(3)
	Fe2+

	
	Magnetic sextet
	0.65(2)
	-0.32(3)
	41.85(19)
	Fe2.5+

	45.2
	Magnetic sextet
	0.82(1)
	0.16(2)
	43.57(1)
	Fe2+

	
	Magnetic sextet
	0.61(2)
	-0.28(5)
	43.89(7)
	Fe2.5+

	50.2
	Magnetic sextet
	0.81(1)
	0.19(1)
	44.42(1)
	Fe2+

	
	Magnetic sextet
	0.60(2)
	-0.21(8)
	44.63(4)
	Fe2.5+

	52.9
	Magnetic sextet
	0.81(1)
	0.14(1)
	44.49(2)
	Fe2+

	
	Magnetic sextet
	0.75(7)
	-0.40(7)
	47.42(13)
	Fe2.5+

	60.3
	Magnetic sextet
	0.77(1)
	0.11(1)
	45.69(2)
	Fe2+

	
	Magnetic sextet
	0.53(7)
	-0.32(5)
	46.14(8)
	Fe2.5+

	66.8
	Magnetic sextet
	0.75(1)
	0.09(1)
	46.26(1)
	Fe2+

	
	Magnetic sextet
	0.53(5)
	-0.37(5)
	46.98(9)
	Fe2.5+

	73
	Magnetic sextet
	0.73(2)
	0.15(1)
	46.73(3)
	Fe2+

	
	Magnetic sextet
	0.49(5)
	-0.37(fixed)
	47.59(10)
	Fe2.5+

	78
	Magnetic sextet
	0.72(1)
	0.03(1)
	47.07(1)
	Fe2+

	
	Magnetic sextet
	0.42(1)
	-0.38(fixed)
	48.77(15)
	Fe2.5+

	83
	Magnetic sextet
	0.70(1)
	0.04(3)
	46.83(2)
	Fe2+

	88.4
	Magnetic sextet
	0.68(1)
	0.03(2)
	46.87(6)
	Fe2+

	94
	Magnetic sextet
	0.68(1)
	0.02(2)
	46.75(4)
	Fe2+

	
	Singlet 
	0.60(7)
	-
	-
	Fe2+-LS

	ES-326-after heating

	26.5
	Magnetic sextet
	0.90(1)
	0.21(1)
	39.22(1)
	Fe2+

	
	Magnetic sextet
	0.70(fixed)
	-0.29(4)
	40.22(13)
	Fe2.5+

	35.6
	Magnetic sextet
	0.85(1)
	0.21(1)
	42.60(2)
	Fe2+

	
	Magnetic sextet
	0.69(3)
	-0.20(5)
	43.98(13)
	Fe2.5+

	40.2
	Magnetic sextet
	0.84(1)
	0.15(1)
	43.34(2)
	Fe2+

	48
	Magnetic sextet
	0.80(2)
	0.16(1)
	45.04(1)
	Fe2+

	48
	Magnetic sextet
	0.81(1)
	0.15(2)
	45.03(8)
	Fe2+

	48
	Magnetic sextet
	0.81(2)
	0.16(2)
	45.17(2)
	Fe2+

	67.4
	Magnetic sextet
	0.78(2)
	0.13(2)
	46.99(2)
	Fe2+

	
	Singlet 
	0.40(3)
	-
	-
	Fe2+-LS

	67.4
	Magnetic sextet
	0.77(1)
	0.13(2)
	47.30(2)
	Fe2+

	
	Singlet 
	0.46(3)
	-
	-
	Fe2+-LS

	70.4
	Magnetic sextet
	0.76(1)
	0.13(2)
	47.27(3)
	Fe2+

	
	Singlet 
	0.41(2)
	-
	-
	Fe2+-LS

	70.4
	Magnetic sextet
	0.77(1)
	0.10(1)
	47.55(1)
	Fe2+

	
	Singlet 
	0.41(2)
	-
	-
	Fe2+-LS

	77
	Magnetic sextet
	0.76(1)
	0.11(2)
	48.00(2)
	Fe2+

	
	Singlet 
	0.40(3)
	-
	-
	Fe2+-LS

	ES-565-after heating

	40.6
	Magnetic sextet
	0.85(1)
	0.13(2)
	42.95(2)
	Fe2+

	55
	Magnetic sextet
	0.80(1)
	0.13(7)
	45.17(2)
	Fe2+

	55
	Magnetic sextet
	0.78(1)
	0.14(1)
	45.49(2)
	Fe2+

	66.2
	Magnetic sextet
	0.77(1)
	0.12(2)
	46.53(2)
	Fe2+

	
	Singlet 
	0.49(4)
	-
	-
	Fe2+-LS

	66.2
	Magnetic sextet
	0.77(1)
	0.13(1)
	46.56(3)
	Fe2+

	
	Singlet 
	0.42(4)
	-
	-
	Fe2+-LS

	78.8
	Magnetic sextet
	0.74(1)
	0.10(4)
	47.76(3)
	Fe2+

	
	Singlet 
	0.45(3)
	-
	-
	Fe2+-LS

	78.8
	Magnetic sextet
	0.75(1)
	0.12(3)
	48.35(3)
	Fe2+

	
	Singlet 
	0.45(4)
	-
	-
	Fe2+-LS


LS-Low Spin; ES-212, ES-326, ES-1071 and ES-565 are different experimental runs.


	Pressure (GPa)
	GM1+
	GM3+
	GM5a+
	GM5b+
	X3- (As)
	X3- (Ap)
	X5- (As)
	X5- (Ap)
	model

	0a
11.1b
	-0.00423
-0.02976
	0.00378 
-
	0.01124 
-
	-0.00618
-
	 -
 -
	 -
 -
	 -
 -
	 -
 -
	mC4
B1

	13.2b
	-0.04062
	-
	-
	-
	 -
	 -
	 -
	 -
	B1

	16.2b
	-0.04906
	-
	-
	-
	 -
	 -
	 -
	 -
	B1

	21.9b
	-0.06230
	-
	0.06928
	-
	 -
	 -
	 -
	 -
	rB1

	25.9b
	-0.07551
	-
	0.06654
	-
	 -
	 -
	 -
	 -
	rB1

	29.3b
	-0.08318
	-
	0.06375
	-
	 -
	 -
	 -
	 -
	rB1

	33.5b
	-0.09197
	-
	0.06176
	-
	 -
	 -
	 -
	 -
	rB1

	35.7b
	-0.09716
	-
	0.06038
	-
	 -
	 -
	 -
	 -
	rB1

	37b
	-0.09848
	-
	0.06012
	-
	 -
	 -
	 -
	 -
	rB1

	37.4b
	-0.10099
	-
	0.05837
	-
	 -
	 -
	 -
	 -
	rB1

	35.2
	-0.09664
	-
	-
	-
	 -
	 -
	 -
	 -
	rB1

	38.8
	-0.10384
	-
	-
	-
	 -
	 -
	 -
	 -
	rB1

	42.6
	-0.11088
	-0.0050
	0.04780
	-0.06198
	 -
	 -
	 -
	 -
	mC4

	47.6
	-0.11626
	-0.00473
	0.0518
	-0.0636
	 -
	 -
	 -
	 -
	mC4

	51.3
	-0.12587
	-0.00585
	0.05652
	-0.06225
	 -
	 -
	 -
	 -
	mC4

	55.9
	-0.13247
	-0.00537
	0.05614
	-0.06281
	 -
	 -
	 -
	 -
	mC4

	58.5
	-0.13338
	-0.00504
	0.05645
	-0.06373
	 -
	 -
	 -
	 -
	mC4

	64.5
	-0.14631
	-0.00358
	0.05759
	-0.06951
	 -
	 -
	 -
	 -
	mC4

	67.1
	-0.14949
	-0.00483
	0.05801
	-0.06857
	 -
	 -
	 -
	 -
	mC4

	70.5
	-0.15692
	-0.00567
	0.05845
	-0.06856
	 -
	 -
	 -
	 -
	mC4

	74.2
	-0.15617
	-0.00494
	0.06056
	-0.07061
	 -
	 -
	 -
	 -
	mC4

	78
	-0.16232
	-0.00201
	0.05954
	-0.06900
	 -
	 -
	 -
	 -
	mC4

	42.6
	-0.11036
	-0.00484
	0.04758
	-0.06165
	0.04032
	0.02851
	0.06910
	0.04886
	mP4

	47.6
	-0.11723
	-0.00447
	0.05198
	-0.06359
	0.04203
	0.02972
	0.06223
	0.04400
	mP4

	51.3
	-0.12685
	-0.00563
	0.05494
	-0.06137
	0.04497
	0.0318
	0.06589
	0.04659
	mP4

	55.9
	-0.13189
	-0.00418
	0.05524
	-0.06167
	0.05094
	0.03602
	0.08101
	0.05728
	mP4

	58.5
	-0.13599
	-0.00514
	0.05552
	-0.06445
	0.05122
	0.03622
	0.08012
	0.05665
	mP4

	64.5
	-0.14838
	-0.00292
	0.05664
	-0.06837
	0.05663
	0.04004
	0.05999
	0.04242
	mP4

	67.1
	-0.14728
	-0.00455
	0.05757
	-0.06789
	0.05255
	0.03716
	0.06445
	0.04557
	mP4

	70.5
	-0.15549
	-0.00532
	0.05668
	-0.06906
	0.05261
	0.0372
	0.07159
	0.05062
	mP4

	74.2
	-0.15587
	-0.00542
	0.05777
	-0.07160
	0.05903
	0.04174
	0.08236
	0.05824
	mP4

	78
	-0.1575
	-0.00287
	0.05871
	-0.0739
	0.05999
	0.04242
	0.06728
	0.04758
	mP4

	78c
	-0.14869
	-0.01130
	0.06149
	-0.07054
	0.10575
	0.07478
	0.14774
	0.10447
	mP4



Table S4 The mode amplitudes for Fe-O polymorphs under pressure. As and Ap mean a standard supercell-normalized and a parent-cell-normalized amplitudes, respectively.
a the data are from Fjellvåg et al1 at 10 K for stoichiometric FeO.
b the parameters are from powder XRD data, and others are from single crystal XRD data.
c the data collected after heating.

Reference:
1	Fjellvåg et al., Monoclinic nearly stoichiometric wüstite at low temperatures. American Mineralogist (2002) 87 (2-3): 347–349.
[bookmark: _Hlk153198818]2      Bykova, E. et al. Structural complexity of simple Fe2O3 at high pressures and temperatures. Nat. Commun. 7, 10661 (2016).
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