



Supplementary Table 1.  Chemical Composition of Microprobe Standards.
		Standard
 
	Weight  %
	Wt.
%
TOTAL

	
	SiO2
	TiO2
	Al2O3
	Cr2O3
	Fe2O3
	FeO
	FeO
(Total)
	MnO
	MgO
	NiO
	CaO
	Na2O
	

	Garnet 
(E-10)
	41.90
	 
	16.92
	7.52
	1.24
	6.17
	7.28
	 
	19.64
	 
	6.27
	 
	99.53

	Chromite 
(52-NL11)
	 
	0.46
	19.40
	44.55
	6.11
	16.62
	22.12
	0.21
	12.21
	0.14
	 
	 
	99.10

	Diopside (Di2Ti)
	54.37
	2.00
	 
	 
	 
	 
	 
	 
	18.25
	 
	25.38
	 
	100.00

	Diopside (Di85Jd15)
	56.05
	 
	3.78
	 
	 
	 
	 
	 
	15.83
	 
	22.06
	2.30
	100.02

	Olvine (174.1)
	40.80
	 
	0.00
	 
	 
	 
	9.37
	0.13
	49.20
	0.40
	0.02
	 
	99.92















Supplementary Table 2a. Olivine analyses:  Estimated analytical errors.
		Experiment
	Temperature
	Pressure
	± (%) 
	# 

	
	(°C)
	(GPa)
	SiO2
	Al2O3
	Cr2O3
	FeO-total
	MgO
	CaO
	Analyses

	G0-34
	1,230
	1.50
	5.41
	 
	66.99
	5.28
	2.98
	21.43
	2

	G0-29
	1,200
	1.50
	9.33
	28.28
	2.00
	2.04
	0.00
	86.68
	2

	G0-41
	900
	1.00
	9.67
	70.71
	2.00
	3.95
	3.20
	2.00
	2

	G1-30
	1,250
	1.50
	2.75
	 
	6.73
	0.25
	3.06
	 
	2

	G1-04
	1,200
	1.20
	2.26
	70.71
	23.57
	2.25
	3.36
	50.91
	2

	G2-05
	1,150
	1.50
	2.87
	20.20
	28.28
	6.46
	2.09
	70.71
	2

	G2-01
	1,200
	1.50
	6.81
	84.85
	 
	2.70
	3.86
	 
	2

	G2-11 (C, Pt)
	900
	1.50
	5.25
	47.14
	52.53
	6.19
	2.92
	53.03
	2





(C, Pt): Graphite capsules sealed in Pt capsules; others are graphite capsules










Supplementary Table 2b.  Orthopyroxene analyses: Estimated analytical errors.
		Experiment
	Temperature
	Pressure
	±% where # analyses <2; STDEV (%) where #analyses >2
	#

	
	(°C)
	(GPa)
	SiO2
	TiO2
	Al2O3
	Cr2O3
	FeO-total
	MgO
	CaO
	Analyses

	G0-40
	1,300
	1.50
	3.05
	14.14
	4.88
	46.40
	4.30
	3.68
	21.45
	3

	G0-34
	1,230
	1.50
	2.98
	38.67
	7.00
	36.62
	6.08
	3.60
	9.72
	4

	G0-01
	1,200
	1.50
	5.34
	26.96
	4.68
	37.63
	5.15
	5.03
	8.56
	3

	G0-29
	1,200
	1.50
	5.94
	24.22
	5.05
	15.42
	8.36
	2.81
	6.69
	5

	G0-30
	1,200
	1.00
	6.38
	15.10
	7.14
	17.89
	9.77
	4.06
	18.71
	3

	G0-31
	1,100
	1.00
	5.18
	
	2.29
	23.57
	2.69
	1.88
	2.34
	2

	G0-32 (Pt)
	1,100
	1.00
	5.22
	37.63
	11.48
	11.46
	44.55
	4.36
	7.91
	3

	G0-22
	1,100
	1.40
	5.98
	46.81
	5.69
	15.54
	6.02
	5.09
	8.79
	4

	G0-06
	1,100
	1.20
	4.64
	25.91
	5.57
	36.38
	3.59
	1.86
	11.05
	5

	G0-33 (Pt)
	1,000
	1.50
	6.39
	
	5.73
	28.87
	41.43
	5.04
	5.68
	3

	G0-11
	1,000
	1.10
	2.14
	56.57
	2.90
	28.28
	4.03
	5.95
	17.02
	2

	G0-26 (Pt)
	1,000
	1.00
	8.05
	47.14
	27.79
	70.71
	61.20
	5.29
	42.76
	2

	G0-41 (C, Pt)
	900
	1.00
	2.18
	57.28
	9.48
	33.33
	9.94
	7.00
	8.55
	3

	G1-22
	1,300
	1.40
	4.06
	24.02
	9.22
	12.85
	13.64
	6.99
	9.55
	3

	G1-32
	1,300
	1.00
	1.41
	19.86
	7.38
	9.78
	12.40
	5.61
	13.01
	4

	G1-30
	1,250
	1.50
	5.27
	26.09
	7.94
	6.27
	11.24
	6.13
	11.40
	4

	G1-07
	1,200
	1.60
	7.11
	38.57
	1.63
	16.35
	19.33
	0.93
	6.40
	2

	G1-06
	1,200
	1.50
	4.77
	20.16
	7.73
	15.26
	11.87
	3.92
	21.11
	4

	G1-03
	1,200
	1.40
	4.73
	27.33
	9.61
	11.28
	9.56
	3.53
	12.52
	4

	G1-02
	1,200
	1.30
	7.94
	35.36
	11.67
	18.08
	8.66
	6.96
	2.72
	2

	G1-04
	1,200
	1.20
	5.69
	
	7.13
	16.70
	16.20
	5.58
	1.88
	2

	G1-01
	1,200
	1.10
	4.66
	23.47
	9.14
	13.50
	11.39
	4.30
	4.93
	4

	G1-05
	1,200
	1.00
	4.64
	20.83
	12.07
	20.18
	18.89
	4.43
	10.75
	3

	G1-23
	1,100
	1.50
	5.66
	40.18
	12.68
	9.89
	8.63
	6.91
	6.75
	4

	G1-26
	1,100
	1.00
	5.11
	56.57
	3.42
	3.07
	27.76
	5.67
	9.16
	2

	G1-27 (Pt)
	1,000
	1.50
	4.12
	25.53
	4.51
	5.65
	24.63
	3.57
	2.21
	4

	G1-28 (Pt)
	1,000
	1.00
	6.43
	28.28
	3.30
	1.84
	32.31
	7.53
	6.31
	2

	G1-24 (C, Pt)
	1,000
	1.50
	2.80
	25.00
	14.19
	23.39
	7.89
	5.96
	13.00
	3

	G1-25 (Pt)
	900
	1.00
	5.95
	35.36
	6.33
	22.81
	21.09
	4.48
	14.97
	2

	G2-06
	1,300
	1.40
	4.86
	34.20
	12.50
	28.04
	15.49
	13.14
	3.33
	5

	G2-12
	1,300
	1.00
	1.43
	16.76
	8.13
	5.36
	12.91
	5.58
	16.43
	3

	G2-01
	1,200
	1.50
	5.52
	
	9.39
	9.39
	5.79
	5.78
	20.36
	3

	G2-05
	1,150
	1.50
	3.83
	11.16
	13.89
	10.73
	17.68
	9.60
	14.07
	2

	G2-02 (Pt)
	1,100
	1.50
	4.15
	22.33
	0.15
	24.55
	39.31
	4.10
	5.66
	2

	G2-07 (Pt)
	1,050
	1.50
	2.86
	27.78
	14.76
	25.39
	23.72
	5.22
	11.76
	3

	G2-11 (C, Pt)
	900
	1.50
	4.04
	12.74
	10.26
	14.67
	8.77
	2.25
	12.06
	3

	G2-10 (C, Pt)
	900
	1.00
	1.98
	37.65
	20.11
	20.92
	8.94
	3.18
	5.54
	5





(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite
capsules

Supplementary Table 2c.  Clinopyroxene analyses: Estimated analytical errors.
		
	
	
	±% where # analyses <2; STDEV (%) where #analyses >2
	#
Analyses

	Experiment
	Temperature
(ºC)
	Pressure (GPa)
	SiO2
	TiO2
	Al2O3
	Cr2O3
	FeO-total
	MgO
	CaO
	

	G0-40
	1,300
	1.50
	4.78
	18.95
	1.26
	12.30
	11.71
	1.85
	5.03
	3

	G0-29
	1,200
	1.50
	3.84
	24.12
	9.72
	20.48
	8.03
	3.47
	4.08
	3

	G0-30
	1,200
	1.00
	4.89
	33.10
	1.74
	28.28
	11.28
	0.15
	3.17
	2

	G0-32 (Pt)
	1,100
	1.50
	4.76
	13.34
	9.37
	16.64
	70.71
	6.62
	2.97
	2

	G0-23
	1,100
	1.50
	3.29
	38.57
	8.54
	9.43
	13.79
	6.47
	5.73
	2

	G0-06
	1,100
	1.20
	4.68
	16.64
	8.22
	17.68
	7.84
	3.76
	3.10
	2

	G0-03
	1,000
	1.50
	2.54
	12.50
	10.09
	17.84
	13.70
	5.92
	4.48
	3

	G0-33 (Pt)
	1,000
	1.50
	3.43
	
	8.46
	0.00
	32.96
	13.36
	0.52
	2

	G0-41 (C, Pt)
	900
	1.00
	3.17
	23.57
	15.75
	35.36
	13.77
	8.46
	3.55
	2

	G1-22
	1,300
	1.40
	3.68
	35.49
	8.30
	26.02
	10.39
	8.71
	9.94
	3

	G1-32
	1,300
	1.00
	7.06
	35.36
	4.95
	8.32
	5.53
	7.97
	7.68
	2

	G1-30
	1,250
	1.50
	4.03
	24.98
	2.29
	19.60
	8.91
	8.05
	4.43
	3

	G1-03
	1,200
	1.40
	3.75
	23.57
	6.76
	2.48
	10.55
	6.42
	2.95
	2

	G1-04
	1,200
	1.20
	3.74
	26.65
	9.48
	13.82
	15.62
	3.93
	6.55
	3

	G1-05
	1,200
	1.00
	2.51
	31.43
	7.52
	35.67
	19.61
	9.35
	4.35
	2

	G1-23
	1,100
	1.50
	1.82
	33.67
	5.28
	8.79
	14.36
	3.74
	4.96
	2

	G1-26
	1,100
	1.00
	2.98
	33.67
	13.51
	31.16
	18.00
	8.45
	4.57
	2

	G1-27 (Pt)
	1,000
	1.50
	2.70
	18.91
	10.28
	18.31
	26.15
	10.20
	9.11
	3

	G1-28 (Pt)
	1,000
	1.00
	1.00
	23.57
	6.36
	2.14
	73.15
	0.96
	0.34
	2

	G2-06
	1,300
	1.40
	2.80
	16.32
	5.11
	3.13
	11.71
	3.61
	5.17
	4

	G2-12
	1,300
	1.00
	2.57
	7.00
	7.79
	20.87
	21.74
	5.39
	5.10
	3

	G2-01
	1,200
	1.50
	2.21
	15.71
	4.00
	11.94
	26.88
	5.75
	5.11
	2

	G2-11 (C, Pt)
	900
	1.50
	2.56
	8.32
	20.88
	12.26
	17.52
	4.63
	4.40
	2

	G2-10 (C, Pt)
	900
	1.00
	7.82
	33.33
	14.05
	8.09
	13.47
	5.96
	6.46
	3





(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other 
experiments used graphite capsules



















Supplementary Table 2d.  Spinel analyses: Estimated analytical errors.
		 
	 
	 
	 
±% where # analyses <2; STDEV (%) where #analyses >2
	

	Experiment
	Temperature (ºC)
	Pressure
 (GPa)
	SiO2
	TiO2
	Al2O3
	Cr2O3
	FeO-total
	MgO
	CaO
	# Analyses

	G0-40
	1,300
	1.50
	20.51
	23.47
	1.81
	7.09
	8.33
	3.64
	15.12
	4

	G0-34
	1,230
	1.50
	28.35
	33.07
	2.35
	27.67
	10.64
	5.58
	71.32
	3

	G0-29
	1,200
	1.50
	181.44
	38.69
	1.64
	17.97
	8.42
	7.55
	92.07
	4

	G0-4
	1,200
	1.40
	22.04
	38.57
	1.04
	6.43
	2.64
	6.02
	122.38
	2

	G0-23
	1,100
	1.50
	63.61
	40.00
	4.66
	34.15
	16.65
	3.89
	173.21
	3

	G0-05
	1,100
	1.30
	10.61
	141.42
	2.82
	18.90
	8.19
	3.14
	106.07
	2

	G0-33 (Pt)
	1,000
	1.50
	126.34
	 
	3.80
	17.53
	3.82
	0.18
	15.29
	2

	G0-11
	1,000
	1.10
	31.43
	84.85
	1.48
	14.36
	10.80
	6.61
	 
	2

	G0-26 (Pt)
	1,000
	1.00
	21.04
	141.42
	1.00
	20.20
	40.86
	6.21
	17.85
	2

	G0-41 (C, Pt)
	900
	1.00
	29.15
	47.14
	1.50
	12.48
	12.23
	4.65
	12.86
	2

	G1-22
	1,300
	1.40
	19.78
	39.03
	1.14
	10.54
	15.21
	4.15
	20.52
	3

	G1-32
	1,300
	1.00
	9.45
	24.12
	1.22
	6.56
	8.01
	4.23
	44.10
	3

	G1-30
	1,250
	1.50
	26.09
	15.71
	0.76
	2.27
	6.05
	1.21
	 
	2

	G1-07
	1,200
	1.60
	41.90
	35.36
	7.84
	7.88
	7.27
	1.01
	32.64
	2

	G1-06
	1,200
	1.50
	26.76
	60.61
	0.41
	7.69
	15.89
	0.45
	0.00
	2

	G1-02
	1,200
	1.30
	25.56
	28.28
	5.16
	1.07
	4.23
	0.13
	 
	2

	G1-04
	1,200
	1.20
	16.91
	 
	4.57
	3.02
	12.26
	3.53
	72.93
	3

	G1-5
	1,200
	1.00
	31.43
	47.14
	2.27
	6.72
	10.08
	4.37
	56.57
	2

	G1-23
	1,100
	1.50
	19.68
	24.12
	2.95
	8.96
	15.11
	2.18
	4.03
	3

	G1-26
	1,100
	1.00
	93.64
	39.03
	5.91
	4.57
	6.46
	6.21
	80.50
	3

	G1-27 (Pt)
	1,000
	1.50
	5.05
	 
	8.20
	6.58
	14.21
	5.61
	23.57
	2

	G1-28 (Pt)
	1,000
	1.00
	44.37
	20.20
	3.01
	6.63
	6.73
	6.97
	 
	2

	G2-06
	1,300
	1.40
	56.57
	21.83
	4.62
	1.96
	10.71
	5.40
	5.66
	2

	G2-12
	1,300
	1.00
	15.22
	25.48
	2.98
	3.96
	9.55
	4.02
	74.74
	3

	G2-01
	1,200
	1.50
	19.73
	13.47
	6.15
	5.58
	10.38
	6.11
	83.30
	2

	G2-02 (Pt)
	1,100
	1.50
	25.71
	58.06
	3.24
	3.55
	15.07
	7.30
	28.28
	2

	G2-10 (C, Pt)
	900
	1.00
	5.37
	12.63
	1.86
	3.32
	15.83
	2.69
	46.40
	2





(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; 
other experiments used graphite capsules


























Supplementary Table 2e.  Summary: Number of chemical analyses for
each product phase.
		
Experiment
	Temp
('C)
	Press
(GPa)
	Number of Analyses

	
	
	
	Ol
	Opx
	Cpx
	Sp

	G0-40
	1,300
	1.50
	
	3
	3
	4

	G0-34
	1,230
	1.50
	2
	4
	
	3

	G0-01
	1,200
	1.50
	
	3
	
	

	G0-23
	1,100
	1.50
	
	
	2
	3

	G0-29
	1,200
	1.50
	2
	5
	3
	4

	G0-30
	1,200
	1.00
	
	3
	2
	

	G0-31
	1,100
	1.00
	
	2
	
	

	G0-32 (Pt)
	1,100
	1.00
	
	3
	2
	

	G0-22
	1,100
	1.40
	
	4
	
	

	G0-06
	1,100
	1.20
	
	5
	2
	

	G0-03
	1,000
	1.50
	
	
	3
	

	G0-04
	1,200
	1.40
	
	
	
	2

	G0-05
	1,100
	1.30
	
	
	
	2

	G0-33 (Pt)
	1,000
	1.50
	
	3
	2
	2

	G0-11
	1,000
	1.10
	
	2
	
	2

	G0-26 (Pt)
	1,000
	1.00
	
	2
	
	2

	G0-41 (C, Pt)
	900
	1.00
	2
	3
	
	2

	G1-22
	1,300
	1.40
	
	3
	3
	3

	G1-32
	1,300
	1.00
	
	4
	2
	3

	G1-30
	1,250
	1.50
	2
	4
	3
	2

	G1-07
	1,200
	1.60
	
	2
	
	2

	G1-06
	1,200
	1.50
	
	4
	
	2

	G1-03
	1,200
	1.40
	
	4
	2
	

	G1-02
	1,200
	1.30
	
	2
	
	2

	G1-04
	1,200
	1.20
	2
	2
	3
	3

	G1-01
	1,200
	1.10
	
	4
	
	

	G1-05
	1,200
	1.00
	
	3
	2
	

	G1-23
	1,100
	1.50
	
	4
	2
	3

	G1-26
	1,100
	1.00
	
	2
	2
	3

	G1-27 (Pt)
	1,000
	1.50
	
	4
	3
	

	G1-28 (Pt)
	1,000
	1.00
	
	2
	2
	

	G1-24 (C, Pt)
	1,000
	1.50
	
	3
	
	

	G1-25 (Pt)
	900
	1.00
	
	2
	
	

	G2-06
	1,300
	1.40
	
	5
	4
	2

	G2-12
	1,300
	1.00
	
	3
	3
	3

	G2-01
	1,200
	1.50
	2
	3
	2
	2

	G2-05
	1,150
	1.50
	2
	2
	
	2

	G2-02 (Pt)
	1,100
	1.50
	
	2
	
	

	G2-07 (Pt)
	1,050
	1.50
	
	3
	
	

	G2-11 (C, Pt)
	900
	1.50
	2
	3
	2
	

	G2-10 (C, Pt)
	900
	1.00
	
	5
	3
	2


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in 
sealed Pt capsules; other experiments used graphite capsules





























Supplementary Table 2f.  Summary of average weight percent and associated analytical errors for 
different elements.
		Phase
	Parameter
	SiO2
	TiO2
	Al2O3
	Cr2O3
	FeO-total
	MgO
	CaO

	Ol
 
 
	Av. Wt %
	40.71
	 
	0.04
	0.04
	8.35
	50.49
	0.07

	
	Av. (Error %)
	5.54
	 
	53.65
	26.01
	3.64
	2.68
	47.46

	
	SD (Error %)
	2.90
	 
	25.92
	25.56
	2.21
	1.19
	31.20

	Opx
 
 
	Av. Wt %
	54.37
	0.09
	6.21
	0.52
	6.01
	32.20
	1.35

	
	Av. (Error %)
	4.66
	30.29
	8.56
	20.22
	16.09
	5.05
	10.95

	
	SD (Error %)
	1.68
	12.54
	5.30
	13.53
	13.13
	2.23
	7.58

	Cpx
 
 
	Av. Wt %
	50.75
	0.28
	7.00
	0.84
	3.82
	18.68
	19.38

	
	Av. (Error %)
	3.61
	23.86
	8.32
	15.86
	19.89
	5.97
	4.74

	
	SD (Error %)
	1.53
	9.31
	4.52
	10.16
	17.31
	3.07
	2.22

	Sp
 
 
	Av. Wt %
	0.62
	0.13
	61.70
	8.38
	7.13
	22.85
	0.19

	
	Av. (Error %)
	37.69
	43.90
	3.13
	9.91
	11.32
	4.19
	52.15

	
	SD (Error %)
	39.17
	34.29
	2.13
	8.15
	7.10
	2.23
	44.06













		Supplementary Table 3a.  Summary of results for ‘reversal’ experiments:  Experiment G1-R1: Reactants held at 1,100°C for 
72 hours then at 1,200 °C for 48 hours; Pressure held at 1.5 GPa.

	

	Exp.
	Phase
	 
	Al2O3
	Cr2O3
	FeO
	MgO
	CaO

	G1-R1
	Opx
	Average (‘Target’) Wt% (1,200°C)
	6.74
	0.66
	6.62
	30.10
	1.57

	
	
	Experiment Analysis (1200°C)
	7.34
	0.63
	4.81
	30.12
	1.87

	
	
	Analytical Error (± Wt%)
	0.48
	0.09
	1.07
	1.55
	0.13

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	1.68
	0.17
	-1.85
	-0.64
	0.65

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	1.08
	0.20
	-0.04
	-0.66
	0.35

	
	
	(M-E)%
	154
	85
	4,625
	98
	185

	
	
	Average (‘Target’) Wt% (1,100°C)
	5.66
	0.46
	6.66
	30.76
	1.23

	G1-R1
	Cpx
	Average (‘Target’) Wt% (1,200°C)
	8.95
	1.21
	4.90
	18.45
	16.30

	
	
	Experiment Analysis (1200°C)
	6.95
	0.83
	2.04
	17.91
	18.96

	
	
	Analytical Error (± Wt%)
	0.57
	0.14
	0.85
	1.10
	0.94

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	0.14
	-0.06
	-2.22
	-0.44
	-0.78

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	2.14
	0.32
	0.64
	0.10
	-3.44

	
	
	(M-E)%
	6
	-19
	-348
	-429
	23

	
	
	Average (‘Target’) Wt% (1,100°C)
	6.81
	0.89
	4.26
	18.35
	19.74

	G1-R1
	Sp
	Average (‘Target’) Wt% (1,200°C)
	61.08
	8.52
	8.18
	22.19
	0.11

	
	
	Experiment Analysis (1200°C)
	57.51
	8.04
	8.59
	20.97
	0.12

	
	
	Analytical Error (± Wt%)
	2.08
	0.95
	1.09
	0.96
	0.08

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	-3.96
	-0.80
	-0.32
	-0.29
	-0.02

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	-0.39
	-0.31
	-0.74
	0.92
	-0.03

	
	
	(M-E)%
	1,004
	255
	44
	-32
	88

	
	
	Average (‘Target’) Wt% (1,100°C)
	61.47
	8.84
	8.92
	21.27
	0.14





	Supplementary Table 3b.  Summary of results for ‘reversal’ experiments:  Experiment G1-R2: Reactants held at 1,000°C for 96 hours then at 1,200 °C for 72 hours; Pressure held at 1.5 GPa.

	Exp.
	Phase
	 
	Al2O3
	Cr2O3
	FeO
	MgO
	CaO

	G1-R2
	Opx
	Average (‘Target’) Wt% (1,200°C)
	5.66
	0.46
	6.66
	30.76
	1.23

	
	
	Experiment Analysis (1200°C)
	5.72
	0.45
	4.84
	32.02
	0.98

	
	
	Analytical Error (± Wt%)
	0.42
	0.08
	0.62
	1.76
	0.10

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	0.81
	0.04
	1.01
	-2.74
	0.08

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	0.75
	0.05
	2.82
	-4.00
	0.33

	
	
	(M-E)%
	108
	77
	36
	69
	25

	
	
	Average (‘Target’) Wt% (1,100°C)
	4.91
	0.41
	3.84
	34.76
	0.90

	G1-R2
	Cpx
	Average (‘Target’) Wt% (1,200°C)
	6.81
	0.89
	4.26
	18.35
	19.74

	
	
	Experiment Analysis (1200°C)
	6.26
	0.72
	1.64
	18.53
	19.53

	
	
	Analytical Error (± Wt%)
	0.42
	0.10
	0.82
	1.06
	1.06

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	1.18
	0.06
	-2.48
	0.71
	-2.83

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	1.73
	0.23
	0.14
	0.53
	-2.62

	
	
	(M-E)%
	68
	26
	-1,774
	133
	108

	
	
	Average (‘Target’) Wt% (1,100°C)
	5.08
	0.66
	4.12
	17.82
	22.36

	G1-R2
	Sp
	Average (‘Target’) Wt% (1,200°C)
	61.47
	8.84
	8.92
	21.27
	0.14

	
	
	Experiment Analysis (1200°C)
	61.10
	8.64
	9.22
	20.15
	0.01

	
	
	Analytical Error (± Wt%)
	2.04
	1.01
	1.17
	0.93
	0.15

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	0.82
	-0.78
	-0.39
	-0.33
	-0.25

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	1.19
	-0.58
	-0.70
	0.79
	-0.12

	
	
	(M-E)%
	69
	133
	56
	-42
	208

	
	
	Average (‘Target’) Wt% (1,100°C)
	60.28
	9.42
	9.61
	20.48
	0.26



		Supplementary Table 3c.  Summary of results for ‘reversal’ experiments:  Experiment G0-R1: Reactants held at 1,100°C for 
72 hours then at 1,200 °C for 48 hours; Pressure held at 1.5 GPa. 

	Exp.
	Phase
	 
	Al2O3
	Cr2O3
	FeO
	MgO
	CaO

	G0-R1
	Opx
	Average (‘Target’) Wt% (1,200°C)
	7.64
	0.08
	7.95
	30.43
	1.79

	
	
	Experiment Analysis (1200°C)
	6.55
	0.06
	7.87
	30.89
	1.84

	
	
	Analytical Error (± Wt%)
	0.59
	0.01
	1.42
	1.59
	0.14

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	-0.33
	0.00
	-0.98
	-0.54
	0.52

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	0.76
	0.02
	-0.89
	-1.00
	0.47

	
	
	(M-E)%
	-44
	-5
	110
	54
	111

	
	
	Average (‘Target’) Wt% (1,100°C)
	6.88
	0.06
	8.84
	31.43
	1.32

	G0-R1
	Cpx
	Average (‘Target’) Wt% (1,200°C)
	9.15
	0.21
	5.62
	18.76
	17.31

	
	
	Experiment Analysis (1200°C)
	11.79
	0.11
	5.49
	20.17
	15.31

	
	
	Analytical Error (± Wt%)
	0.65
	0.02
	1.03
	1.10
	0.91

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	4.01
	-0.01
	0.29
	1.82
	-3.85

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	1.37
	0.08
	0.42
	0.41
	-1.86

	
	
	(M-E)%
	294
	-18
	70
	449
	208

	
	
	Average (‘Target’) Wt% (1,100°C)
	7.78
	0.12
	5.20
	18.35
	19.16

	G0-R1
	Sp
	Average (‘Target’) Wt% (1,200°C)
	69.26
	0.90
	8.84
	21.83
	0.11

	
	
	Experiment Analysis (1200°C)
	63.16
	0.88
	4.82
	27.20
	0.07

	
	
	Analytical Error (± Wt%)
	2.32
	0.12
	1.14
	0.97
	0.13

	
	
	Measured (M) Change (Δ(1,200°C-1,100°C))  Wt%
	-5.42
	-0.28
	-4.54
	5.81
	-0.17

	
	
	Expected (E) Change (Δ(1,200°C-1,100°C))  Wt%
	0.69
	-0.26
	-0.52
	0.44
	-0.13

	
	
	(M-E)%
	-787
	108
	873
	1,312
	131

	
	
	Average (‘Target’) Wt% (1,100°C)
	68.57
	1.16
	9.36
	21.39
	0.24

	(Δ(1,200°C-1,000°C) Wt%): Difference between final, 2nd higher temperature stage of experiment and, lower temperature,
starting composition; Bold:  Indicate 'reversed' change in excess of analytical error; Regular: Indicate 'reversed' change 
within analytical error; Italics: No reversal





	
































		Supplementary  Table 3d.  Summary of ‘reversal’ experiments ((Measured change-Expected change) %).

	Oxide
	Phase
	Experiment

	
	
	G1-R1
	G1-R2
	G0-R1

	
	Opx
	154
	108
	-44

	Al2O3
	Cpx
	6
	68
	294

	
	Sp
	1,004
	69
	-787

	
	Opx
	85
	77
	-5

	Cr2O3
	Cpx
	-19
	26
	-18

	
	Sp
	255
	133
	108

	
	Opx
	4,625
	36
	110

	FeO
	Cpx
	-348
	-1,774
	70

	
	Sp
	44
	56
	873

	
	Opx
	98
	69
	54

	MgO
	Cpx
	-429
	133
	449

	
	Sp
	-32
	-42
	1,312

	
	Opx
	185
	25
	111

	CaO 
	Cpx
	23
	108
	208

	 
	Sp
	 
	 
	 

	Bold: Expected change within experimental error;
	

	Regular: Expected change exceeds experimental error;
	

	Regular italics: Change opposite to that expected
	






Supplementary Table 4.  Olivine: Statistical Fits to Chemical Analyses.
		Sample
	
	
	
Variables
	            Coefficients
	

	
	Oxide
	Equation
	x
	y
	y0
	a
	r2

	G0
	SiO2
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	40.810
	0.001
	0.04

	
	FeO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	12.780
	-0.002
	0.76

	
	MgO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	43.120
	0.004
	0.57

	
	
	
	
	
	
	
	

	G1
	SiO2
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	42.860
	-0.002
	0.03

	
	FeO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	13.590
	-0.004
	0.50

	
	MgO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	49.580
	-0.0004
	0.02

	
	
	
	
	
	
	
	

	G2
	SiO2
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	44.430
	-0.003
	0.44

	
	FeO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	10.610
	-0.002
	0.90

	 
	MgO
	y = y0+ax
	Temp. (ºC)
	Wt% Oxide
	47.590
	0.003
	0.37





Calculated equations to provide estimates for olivine compositions 
for experiments where it was not possible  to get microprobe analyses







Supplementary Table 5a.  Olivine atomic formulae (Cations).
	
Experiment

	Temperature. (ºC)
	Pressure
(Gpa)
	Si
	Al
	Cr
	Fe2+
	Mg
	Ca
	∑ Total

	G0-40
	1,300
	1.50
	1.017
	0.000
	0.000
	0.180
	1.762
	0.002
	2.963

	G0-04
	1,200
	1.40
	1.022
	0.000
	0.000
	0.183
	1.753
	0.000
	2.958

	G0-34
	1,230
	1.50
	1.020
	0.000
	0.002
	0.180
	1.754
	0.004
	2.959

	GO-01
	1,200
	1.50
	1.022
	0.000
	0.000
	0.183
	1.753
	0.000
	2.958

	GO-29
	1,200
	1.50
	1.021
	0.001
	0.000
	0.185
	1.746
	0.004
	2.958

	GO-30
	1,200
	1.00
	1.021
	0.007
	0.000
	0.180
	1.741
	0.008
	2.956

	GO-23
	1,100
	1.50
	1.023
	0.000
	0.000
	0.188
	1.744
	0.000
	2.956

	GO-22
	1,100
	1.40
	1.023
	0.000
	0.000
	0.188
	1.744
	0.000
	2.956

	GO-05
	1,100
	1.30
	1.022
	0.002
	0.000
	0.187
	1.742
	0.004
	2.957

	GO-06
	1,100
	1.20
	1.020
	0.000
	0.000
	0.184
	1.750
	0.004
	2.959

	GO-31a
	1,100
	1.00
	1.021
	0.001
	0.000
	0.187
	1.744
	0.005
	2.957

	GO-03
	1,000
	1.50
	1.025
	0.000
	0.000
	0.193
	1.735
	0.000
	2.953

	GO-33 (Pt)
	1,000
	1.50
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	GO-11
	1,000
	1.10
	1.025
	0.000
	0.000
	0.193
	1.735
	0.000
	2.953

	GO-26 (Pt)
	1,000
	1.00
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	GO-41 (C, Pt)
	900
	1.00
	1.026
	0.001
	0.000
	0.200
	1.722
	0.002
	2.951

	GO-35 (Pt)
	900
	1.00
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	 
	
	
	 
	 
	 
	 
	 
	 
	 

	G1-22
	1,300
	1.40
	1.007
	0.000
	0.000
	0.165
	1.803
	0.000
	2.975

	G1-32
	1,300
	1.00
	1.007
	0.000
	0.000
	0.165
	1.803
	0.000
	2.975

	G1-30
	1,250
	1.50
	0.997
	0.000
	0.004
	0.171
	1.804
	0.007
	2.982

	G1-07
	1,200
	1.60
	1.001
	0.023
	0.004
	0.169
	1.768
	0.002
	2.967

	G1-06
	1,200
	1.50
	1.007
	0.000
	0.000
	0.169
	1.799
	0.000
	2.974

	G1-03
	1,200
	1.40
	1.007
	0.000
	0.000
	0.169
	1.799
	0.000
	2.974

	G1-02
	1,200
	1.30
	1.007
	0.000
	0.000
	0.169
	1.799
	0.000
	2.974

	G1-04
	1,200
	1.20
	1.021
	0.001
	0.002
	0.157
	1.775
	0.003
	2.960

	G1-01
	1,200
	1.10
	1.007
	0.000
	0.000
	0.169
	1.799
	0.000
	2.974

	G1-05
	1,200
	1.00
	0.999
	0.001
	0.002
	0.175
	1.801
	0.001
	2.980

	G1-23
	1,100
	1.50
	0.985
	0.003
	0.004
	0.181
	1.815
	0.002
	2.991

	G1-26
	1,100
	1.00
	1.008
	0.001
	0.002
	0.178
	1.779
	0.003
	2.971

	G1-27 (Pt)
	1,000
	1.50
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	G1-24 (C, Pt)
	1,000
	1.50
	1.011
	0.001
	0.000
	0.179
	1.777
	0.001
	2.969

	G1-28 (Pt)
	1,000
	1.00
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	G1-25 (Pt)
	900
	1.00
	0.893
	0.000
	0.000
	0.084
	2.119
	0.001
	3.097

	 
	
	
	 
	 
	 
	 
	 
	 
	 

	G2-06
	1,300
	1.40
	0.984
	0.000
	0.000
	0.145
	1.871
	0.000
	3.000

	G2-12
	1,300
	1.00
	0.984
	0.000
	0.000
	0.145
	1.871
	0.000
	3.000

	G2-01
	1,200
	1.50
	0.995
	0.001
	0.000
	0.148
	1.844
	0.000
	2.988

	G2-05
	1,150
	1.50
	0.981
	0.001
	0.003
	0.147
	1.869
	0.001
	3.001

	G2-02 (Pt)
	1,100
	1.50
	1.039
	0.000
	0.000
	0.032
	1.879
	0.007
	2.957

	G2-07 (Pt)
	1,050
	1.50
	1.036
	0.001
	0.000
	0.038
	1.883
	0.000
	2.959

	G2-11 (C, Pt)
	900
	1.50
	0.992
	0.001
	0.003
	0.158
	1.833
	0.002
	2.989

	G2-10 (C, Pt)
	900
	1.00
	1.017
	0.001
	0.001
	0.160
	1.785
	0.002
	2.964


Italics: Calculated values; (Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in 
sealed Pt capsules; other experiments used graphite capsules















Supplementary Table 5b.  Orthopyroxene atomic formulae (Cations).
	Experiment
	Temperature (ₒC)
	Pressure (Gpa)
	Si
	Ti
	Al
	Cr
	Fe3+
	Fe2+
	Fe Total
	Mg
	Ca
	∑Cations

	GO-40
	1,300
	1.50
	1.824
	0.003
	0.365
	0.003
	0.000
	0.206
	0.206
	1.513
	0.076
	3.990

	GO-34
	1,230
	1.50
	1.830
	0.003
	0.331
	0.002
	0.001
	0.211
	0.212
	1.560
	0.061
	4.000

	GO-01
	1,200
	1.50
	1.824
	0.003
	0.319
	0.002
	0.024
	0.204
	0.228
	1.565
	0.058
	4.000

	GO-29
	1,200
	1.50
	1.849
	0.004
	0.297
	0.002
	0.000
	0.236
	0.236
	1.547
	0.064
	3.998

	GO-30
	1,200
	1.00
	1.836
	0.004
	0.310
	0.002
	0.008
	0.211
	0.219
	1.553
	0.076
	4.000

	GO-32 (Pt)
	1,100
	1.50
	1.846
	0.002
	0.276
	0.002
	0.026
	0.024
	0.049
	1.786
	0.038
	4.000

	GO-23
	1,100
	1.50
	1.840
	0.002
	0.279
	0.001
	0.037
	0.208
	0.245
	1.603
	0.030
	4.000

	GO-22
	1,100
	1.40
	1.813
	0.002
	0.279
	0.001
	0.090
	0.168
	0.258
	1.607
	0.040
	4.000

	GO-05
	1,100
	1.30
	1.816
	0.001
	0.275
	0.002
	0.090
	0.173
	0.264
	1.595
	0.049
	4.000

	GO-06
	1,100
	1.20
	1.831
	0.001
	0.276
	0.001
	0.059
	0.202
	0.261
	1.573
	0.057
	4.000

	GO-31a 
	1,100
	1.00
	1.827
	0.000
	0.272
	0.002
	0.072
	0.160
	0.232
	1.601
	0.066
	4.000

	GO-03
	1,000
	1.50
	1.871
	0.001
	0.236
	0.001
	0.017
	0.239
	0.255
	1.612
	0.022
	4.000

	GO-33 (Pt)
	1,000
	1.50
	1.897
	0.000
	0.222
	0.002
	0.000
	0.037
	0.037
	1.809
	0.026
	3.992

	GO-11
	1,000
	1.10
	1.858
	0.001
	0.248
	0.001
	0.033
	0.216
	0.249
	1.603
	0.040
	4.000

	GO-26 (Pt)
	1,000
	1.00
	1.866
	0.001
	0.250
	0.001
	0.016
	0.023
	0.039
	1.797
	0.046
	4.000

	GO-41 (C, Pt)
	900
	1.00
	1.875
	0.001
	0.198
	0.001
	0.049
	0.208
	0.257
	1.635
	0.033
	4.000

	GO-35 (Pt)
	900
	1.00
	1.908
	0.001
	0.210
	0.001
	0.000
	0.043
	0.043
	1.806
	0.017
	3.986

	 
	
	
	
	
	
	
	
	
	
	
	
	

	G1-22
	1,300
	1.40
	1.855
	0.002
	0.312
	0.023
	0.000
	0.176
	0.176
	1.525
	0.081
	3.975

	G1-32
	1,300
	1.00
	1.864
	0.002
	0.323
	0.021
	0.000
	0.154
	0.154
	1.495
	0.103
	3.962

	G1-30
	1,250
	1.50
	1.853
	0.002
	0.297
	0.020
	0.000
	0.177
	0.177
	1.564
	0.072
	3.986

	G1-07
	1,200
	1.60
	1.854
	0.002
	0.286
	0.020
	0.000
	0.196
	0.196
	1.587
	0.046
	3.991

	G1-06
	1,200
	1.50
	1.875
	0.001
	0.284
	0.017
	0.000
	0.195
	0.195
	1.550
	0.051
	3.973

	G1-03
	1,200
	1.40
	1.878
	0.002
	0.267
	0.017
	0.000
	0.197
	0.197
	1.558
	0.059
	3.978

	G1-02
	1,200
	1.30
	1.869
	0.001
	0.275
	0.018
	0.000
	0.197
	0.197
	1.564
	0.058
	3.983

	G1-04
	1,200
	1.20
	1.883
	0.002
	0.271
	0.018
	0.000
	0.179
	0.179
	1.548
	0.070
	3.971

	G1-01
	1,200
	1.10
	1.888
	0.002
	0.266
	0.016
	0.000
	0.193
	0.193
	1.542
	0.062
	3.969

	G1-05
	1,200
	1.00
	1.862
	0.002
	0.284
	0.020
	0.000
	0.189
	0.189
	1.564
	0.065
	3.985

	G1-23
	1,100
	1.50
	1.889
	0.001
	0.243
	0.013
	0.000
	0.197
	0.197
	1.600
	0.039
	3.982

	G1-26
	1,100
	1.00
	1.901
	0.001
	0.222
	0.013
	0.000
	0.191
	0.191
	1.599
	0.052
	3.980

	G1-27 (Pt)
	1,000
	1.50
	1.868
	0.001
	0.200
	0.010
	0.051
	0.030
	0.081
	1.811
	0.028
	4.000

	G1-28 (Pt)
	1,000
	1.00
	1.871
	0.001
	0.202
	0.010
	0.037
	0.000
	0.037
	1.843
	0.040
	4.004

	G1-24 (C, Pt)
	1,000
	1.50
	1.911
	0.001
	0.188
	0.012
	0.000
	0.213
	0.213
	1.632
	0.030
	3.988

	G1-25 (Pt)
	900
	1.00
	1.901
	0.001
	0.160
	0.008
	0.028
	0.004
	0.032
	1.867
	0.031
	4.000

	 
	
	
	
	
	
	
	
	
	
	
	
	

	G2-06
	1,300
	1.40
	1.826
	0.007
	0.267
	0.051
	0.016
	0.137
	0.152
	1.630
	0.066
	4.000

	G2-12
	1,300
	1.00
	1.839
	0.007
	0.272
	0.048
	0.000
	0.134
	0.134
	1.603
	0.091
	3.994

	G2-01
	1,200
	1.50
	1.839
	0.000
	0.237
	0.054
	0.031
	0.133
	0.164
	1.640
	0.066
	4.000

	G2-05
	1,150
	1.50
	1.815
	0.010
	0.217
	0.038
	0.095
	0.072
	0.168
	1.718
	0.034
	4.000

	G2-02 (Pt)
	1,100
	1.50
	1.892
	0.005
	0.191
	0.038
	0.000
	0.086
	0.086
	1.749
	0.027
	3.988

	G2-07 (Pt)
	1,050
	1.50
	1.905
	0.005
	0.153
	0.026
	0.002
	0.073
	0.075
	1.811
	0.026
	4.000

	G2-11 (C, Pt)
	900
	1.50
	1.864
	0.004
	0.115
	0.020
	0.128
	0.072
	0.200
	1.782
	0.014
	4.000

	G2-10 (C, Pt)
	900
	1.00
	1.875
	0.003
	0.111
	0.019
	0.113
	0.082
	0.195
	1.769
	0.027
	4.000


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules






















Supplementary Table 5c.  Clinopyroxene atomic formulae (Cations).
	Experiment
	Temperature
(ₒC)
	Pressure
(Gpa)
	Si
	Ti
	Al
	Cr
	Fe3+
	Fe2+
	∑Fe
	Mg
	Ca
	∑Total

	G0-40
	1,300
	1.50
	1.729
	0.005
	0.463
	0.006
	0.062
	0.122
	0.185
	1.004
	0.608
	4.000

	G0-29
	1,200
	1.50
	1.793
	0.002
	0.355
	0.006
	0.050
	0.122
	0.173
	0.996
	0.676
	4.000

	G0-30
	1,200
	1.00
	1.775
	0.006
	0.413
	0.006
	0.019
	0.142
	0.162
	0.995
	0.644
	4.000

	G0-32 (Pt)
	1,100
	1.50
	1.828
	0.007
	0.314
	0.005
	0.001
	0.000
	0.001
	1.025
	0.825
	4.005

	G0-23
	1,100
	1.50
	1.789
	0.003
	0.333
	0.004
	0.079
	0.060
	0.139
	0.950
	0.781
	4.000

	G0-06
	1,100
	1.20
	1.786
	0.005
	0.344
	0.005
	0.071
	0.091
	0.162
	0.993
	0.707
	4.000

	G0-31a
	1,100
	1.00
	1.822
	0.003
	0.305
	0.002
	0.043
	0.122
	0.165
	0.990
	0.712
	4.000

	G0-03
	1,000
	1.50
	1.790
	0.004
	0.244
	0.003
	0.141
	0.000
	0.141
	0.984
	0.844
	4.011

	G0-33 (Pt)
	1,000
	1.50
	1.825
	0.000
	0.243
	0.003
	0.020
	0.000
	0.020
	1.062
	0.890
	4.042

	G0-11
	1,000
	1.10
	1.813
	0.004
	0.270
	0.003
	0.094
	0.055
	0.149
	0.995
	0.766
	4.000

	G0-26 (Pt)
	1,000
	1.00
	1.801
	0.003
	0.280
	0.003
	0.085
	0.000
	0.085
	1.011
	0.828
	4.012

	G0-41 (C, Pt)
	900
	1.00
	1.849
	0.005
	0.201
	0.002
	0.089
	0.045
	0.134
	0.966
	0.843
	4.000

	G1-22
	1,300
	1.40
	1.718
	0.003
	0.433
	0.038
	0.088
	0.066
	0.154
	1.012
	0.643
	4.000

	G1-32
	1,300
	1.00
	1.755
	0.003
	0.457
	0.038
	0.000
	0.172
	0.172
	1.063
	0.507
	3.995

	G1-30
	1,250
	1.50
	1.735
	0.002
	0.432
	0.025
	0.069
	0.077
	0.146
	0.973
	0.687
	4.000

	G1-03
	1,200
	1.40
	1.781
	0.003
	0.390
	0.032
	0.009
	0.139
	0.147
	0.962
	0.684
	4.000

	G1-04
	1,200
	1.20
	1.785
	0.004
	0.396
	0.035
	0.000
	0.146
	0.146
	0.974
	0.655
	3.996

	G1-01
	1,200
	1.10
	1.799
	0.002
	0.391
	0.038
	0.000
	0.153
	0.153
	0.991
	0.609
	3.983

	G1-05
	1,200
	1.00
	1.843
	0.002
	0.342
	0.031
	0.000
	0.144
	0.144
	1.036
	0.569
	3.968

	G1-23
	1,100
	1.50
	1.786
	0.003
	0.295
	0.025
	0.101
	0.014
	0.115
	0.960
	0.816
	4.000

	G1-26
	1,100
	1.00
	1.822
	0.003
	0.284
	0.026
	0.040
	0.102
	0.142
	1.014
	0.709
	4.000

	G1-27 (Pt)
	1,000
	1.50
	1.822
	0.003
	0.219
	0.021
	0.057
	0.000
	0.057
	1.003
	0.900
	4.026

	G1-28 (Pt)
	1,000
	1.00
	1.827
	0.003
	0.232
	0.019
	0.048
	0.000
	0.048
	1.093
	0.799
	4.021

	G1-24 (C, Pt)
	1,000
	1.50
	1.815
	0.003
	0.216
	0.019
	0.124
	0.000
	0.124
	0.960
	0.865
	4.002

	G1-25 (Pt)
	900
	1.00
	1.896
	0.004
	0.155
	0.014
	0.033
	0.023
	0.056
	0.985
	0.891
	4.000

	G2-06
	1,300
	1.40
	1.791
	0.025
	0.326
	0.081
	0.000
	0.090
	0.090
	0.999
	0.669
	3.981

	G2-12
	1,300
	1.00
	1.808
	0.023
	0.331
	0.084
	0.000
	0.085
	0.085
	1.058
	0.571
	3.961

	G2-01
	1,200
	1.50
	1.861
	0.024
	0.225
	0.050
	0.000
	0.085
	0.085
	0.964
	0.769
	3.978

	G2-05
	1,150
	1.50
	1.879
	0.021
	0.206
	0.047
	0.000
	0.080
	0.080
	0.974
	0.765
	3.973

	G2-02 (Pt)
	1,100
	1.50
	1.875
	0.024
	0.141
	0.040
	0.019
	0.032
	0.051
	1.065
	0.803
	4.000

	G2-11 (C, Pt)
	900
	1.50
	1.955
	0.018
	0.102
	0.025
	0.000
	0.065
	0.065
	0.897
	0.901
	3.963

	G2-10 (C, Pt)
	900
	1.00
	1.968
	0.019
	0.094
	0.024
	0.000
	0.076
	0.076
	0.932
	0.841
	3.954


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules































Supplementary Table 5d: Spinel atomic formulae (Cations)
	Experiment
	Temperature
(ₒC)
	Pressure
(Gpa)
	Si
	Ti
	Al
	Cr
	Fe2+
	Mg
	Ca
	∑Cations

	G0-40
	1,300
	1.50
	0.010
	0.001
	1.994
	0.016
	0.150
	0.790
	0.005
	2.967

	G0-34
	1,230
	1.50
	0.007
	0.001
	2.000
	0.018
	0.155
	0.782
	0.002
	2.965

	G0-01
	1,200
	1.50
	0.032
	0.001
	1.960
	0.019
	0.160
	0.783
	0.005
	2.960

	G0-29
	1,200
	1.50
	0.005
	0.001
	1.984
	0.016
	0.165
	0.801
	0.002
	2.975

	G0-30
	1,200
	1.00
	0.010
	0.001
	1.989
	0.017
	0.159
	0.788
	0.004
	2.968

	G0-4
	1,200
	1.40
	0.019
	0.001
	1.982
	0.017
	0.161
	0.784
	0.000
	2.963

	G0-32 (Pt)
	1,100
	1.50
	0.020
	0.001
	1.949
	0.021
	0.000
	1.001
	0.003
	2.995

	G0-23
	1,100
	1.50
	0.008
	0.001
	1.971
	0.024
	0.171
	0.799
	0.000
	2.974

	G0-22
	1,100
	1.40
	0.027
	0.001
	1.965
	0.022
	0.170
	0.767
	0.007
	2.959

	G0-05
	1,100
	1.30
	0.019
	0.000
	1.964
	0.021
	0.176
	0.777
	0.010
	2.968

	G0-06
	1,100
	1.20
	0.027
	0.001
	1.965
	0.022
	0.170
	0.767
	0.007
	2.959

	G0-31a
	1,100
	1.00
	0.027
	0.001
	1.965
	0.022
	0.170
	0.767
	0.007
	2.959

	G0-03
	1,000
	1.50
	0.007
	0.001
	1.972
	0.024
	0.204
	0.764
	0.000
	2.971

	GO-33 (Pt)
	1,000
	1.50
	0.017
	0.000
	1.912
	0.022
	0.003
	1.052
	0.009
	3.016

	G0-11
	1,000
	1.10
	0.005
	0.001
	1.978
	0.025
	0.198
	0.765
	0.000
	2.971

	G0-26 (Pt)
	1,000
	1.00
	0.034
	0.000
	1.949
	0.023
	0.008
	0.953
	0.013
	2.979

	G0-41 (C, Pt)
	900
	1.00
	0.032
	0.001
	1.939
	0.026
	0.194
	0.763
	0.010
	2.964

	G0-35 (Pt)
	900
	1.00
	0.030
	0.001
	1.976
	0.028
	0.005
	0.917
	0.012
	2.967

	 
	
	
	
	
	
	
	
	
	
	

	G1-22
	1,300
	1.40
	0.008
	0.001
	1.827
	0.161
	0.151
	0.827
	0.004
	2.980

	G1-32
	1,300
	1.00
	0.018
	0.001
	1.823
	0.161
	0.151
	0.816
	0.002
	2.972

	G1-30
	1,250
	1.50
	0.013
	0.001
	1.822
	0.165
	0.157
	0.817
	0.001
	2.975

	G1-07
	1,200
	1.60
	0.007
	0.001
	1.820
	0.163
	0.159
	0.831
	0.003
	2.983

	G1-06
	1,200
	1.50
	0.005
	0.001
	1.807
	0.180
	0.155
	0.832
	0.003
	2.983

	G1-03
	1,200
	1.40
	0.018
	0.001
	1.804
	0.164
	0.147
	0.837
	0.008
	2.980

	G1-02
	1,200
	1.30
	0.010
	0.001
	1.808
	0.168
	0.160
	0.832
	0.003
	2.983

	G1-04
	1,200
	1.20
	0.016
	0.001
	1.801
	0.181
	0.152
	0.822
	0.002
	2.975

	G1-5
	1,200
	1.10
	0.012
	0.001
	1.806
	0.169
	0.158
	0.834
	0.002
	2.982

	G1-01
	1,200
	1.00
	0.002
	0.001
	1.830
	0.161
	0.153
	0.835
	0.001
	2.984

	G1-23
	1,100
	1.50
	0.011
	0.001
	1.817
	0.175
	0.171
	0.793
	0.004
	2.973

	G1-26
	1,100
	1.00
	0.012
	0.001
	1.818
	0.175
	0.166
	0.797
	0.004
	2.972

	G1-27 (Pt)
	1,000
	1.50
	0.007
	0.001
	1.802
	0.186
	0.041
	0.955
	0.002
	2.993

	G1-28 (Pt)
	1,000
	1.00
	0.012
	0.001
	1.728
	0.181
	0.010
	1.091
	0.008
	3.031

	G1-24
	1,000
	1.50
	0.009
	0.001
	1.806
	0.189
	0.184
	0.776
	0.007
	2.972

	G1-25 (Pt)
	900
	1.00
	0.019
	0.001
	1.725
	0.188
	0.009
	1.071
	0.011
	3.023

	 
	
	
	
	
	
	
	
	
	
	

	G2-06
	1,300
	1.40
	0.007
	0.015
	1.363
	0.575
	0.130
	0.900
	0.004
	2.994

	G2-12
	1,300
	1.00
	0.013
	0.012
	1.368
	0.571
	0.134
	0.891
	0.004
	2.991

	G2-01
	1,200
	1.50
	0.023
	0.009
	1.303
	0.613
	0.169
	0.863
	0.011
	2.991

	G2-05
	1,150
	1.50
	0.033
	0.011
	1.295
	0.623
	0.166
	0.843
	0.008
	2.979

	G2-02 (Pt)
	1,100
	1.50
	0.003
	0.010
	1.265
	0.679
	0.025
	1.015
	0.014
	3.012

	G2-11 (C, Pt)
	900
	1.50
	0.019
	0.013
	1.215
	0.705
	0.215
	0.810
	0.008
	2.984

	G2-10 (C, Pt)
	900
	1.00
	0.043
	0.011
	1.169
	0.718
	0.214
	0.804
	0.019
	2.978


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules













Supplementary Table 6a: Olivine structural formula (Cations)
	Experiment
	Temperature. (ºC)
	Pressure
(GPa)
	Ca
	Mg
	Fe2+
	Al
	Cr
	∑ M
	Si
	∑Z(Tet)

	G0-40
	1,300
	1.50
	0.002
	1.762
	0.180
	0.000
	0.000
	1.945
	1.017
	1.017

	G0-04
	1,200
	1.40
	0.000
	1.753
	0.183
	0.000
	0.000
	1.936
	1.022
	1.022

	G0-34
	1,230
	1.50
	0.004
	1.754
	0.180
	0.000
	0.002
	1.940
	1.020
	1.020

	G0-01
	1,200
	1.50
	0.000
	1.753
	0.183
	0.000
	0.000
	1.936
	1.022
	1.022

	G0-29
	1,200
	1.50
	0.004
	1.746
	0.185
	0.001
	0.000
	1.937
	1.021
	1.021

	G0-30
	1,200
	1.00
	0.008
	1.741
	0.180
	0.007
	0.000
	1.935
	1.021
	1.021

	G0-23
	1,100
	1.50
	0.000
	1.744
	0.188
	0.000
	0.000
	1.932
	1.023
	1.023

	G0-22
	1,100
	1.40
	0.000
	1.744
	0.188
	0.000
	0.000
	1.932
	1.023
	1.023

	G0-05
	1,100
	1.30
	0.004
	1.742
	0.187
	0.002
	0.000
	1.935
	1.022
	1.022

	G0-06
	1,100
	1.20
	0.004
	1.750
	0.184
	0.000
	0.000
	1.938
	1.020
	1.020

	G0-31a
	1,100
	1.00
	0.005
	1.744
	0.187
	0.001
	0.000
	1.936
	1.021
	1.021

	G0-03
	1,000
	1.50
	0.000
	1.735
	0.193
	0.000
	0.000
	1.928
	1.025
	1.025

	G0-33 (Pt)
	1,000
	1.50
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	G0-11
	1,000
	1.10
	0.000
	1.735
	0.193
	0.000
	0.000
	1.928
	1.025
	1.025

	G0-26 (Pt)
	1,000
	1.00
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	GO-41 (C, Pt) 
	900
	1.00
	0.002
	1.722
	0.200
	0.001
	0.000
	1.925
	1.026
	1.026

	G0-35 (Pt)
	900
	1.00
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	 
	
	
	
	
	
	
	
	
	
	

	G1-22
	1,300
	1.40
	0.000
	1.803
	0.165
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-32
	1,300
	1.00
	0.000
	1.803
	0.165
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-30
	1,250
	1.50
	0.007
	1.804
	0.171
	0.000
	0.004
	1.986
	0.997
	0.997

	G1-07
	1,200
	1.60
	0.002
	1.768
	0.169
	0.023
	0.004
	1.966
	1.001
	1.001

	G1-06
	1,200
	1.50
	0.000
	1.799
	0.169
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-03
	1,200
	1.40
	0.000
	1.799
	0.169
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-02
	1,200
	1.30
	0.000
	1.799
	0.169
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-04
	1,200
	1.20
	0.003
	1.775
	0.157
	0.001
	0.002
	1.939
	1.021
	1.021

	G1-01
	1,200
	1.10
	0.000
	1.799
	0.169
	0.000
	0.000
	1.967
	1.007
	1.007

	G1-05
	1,200
	1.00
	0.001
	1.801
	0.175
	0.001
	0.002
	1.980
	0.999
	0.999

	G1-23
	1,100
	1.50
	0.002
	1.815
	0.181
	0.003
	0.004
	2.006
	0.985
	0.985

	G1-26
	1,100
	1.00
	0.003
	1.779
	0.178
	0.001
	0.002
	1.963
	1.008
	1.008

	G1-27 (Pt)
	1,000
	1.50
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	G1-24 (C, Pt)
	1,000
	1.50
	0.001
	1.777
	0.179
	0.001
	0.000
	1.958
	1.011
	1.011

	G1-28 (Pt)
	1,000
	1.00
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	G1-25 (Pt)
	900
	1.00
	0.001
	2.119
	0.084
	0.000
	0.000
	2.204
	0.893
	0.893

	 
	
	
	
	
	
	
	
	
	
	

	G2-06
	1,300
	1.40
	0.000
	1.871
	0.145
	0.000
	0.000
	2.016
	0.984
	0.984

	G2-12
	1,300
	1.00
	0.000
	1.871
	0.145
	0.000
	0.000
	2.016
	0.984
	0.984

	G2-01
	1,200
	1.50
	0.000
	1.844
	0.148
	0.001
	0.000
	1.993
	0.995
	0.995

	G2-05
	1,150
	1.50
	0.001
	1.869
	0.147
	0.001
	0.003
	2.020
	0.981
	0.981

	G2-02 (Pt)
	1,100
	1.50
	0.007
	1.879
	0.032
	0.000
	0.000
	1.917
	1.039
	1.039

	G2-07 (Pt)
	1,050
	1.50
	0.000
	1.883
	0.038
	0.001
	0.000
	1.923
	1.036
	1.036

	G2-11 (C, Pt)
	900
	1.50
	0.002
	1.833
	0.158
	0.001
	0.003
	1.997
	0.992
	0.992

	G2-10 (C, Pt)
	900
	1.00
	0.002
	1.785
	0.160
	0.001
	0.001
	1.947
	1.017
	1.017


Italics: Calculated values; (Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules;
other experiments used graphite capsules
























Supplementary Table 6b: Orthopyroxene structural formulae (Cations)
		Experiment
	Temperature (°C)
	Pressure Gpa
	Ca
	Mg
	Fe2+
	∑ M2
	Mg
	Fe2+
	Ti
	Fe3+
	Cr
	Al
	∑ M1
	Fe3+
	Al
	Si
	∑Z(Tet)

	GO-40
	1300 
	1.50
	0.076
	0.809
	0.110
	0.995
	0.704
	0.096
	0.003
	0.000
	0.003
	0.189
	0.995
	0.000
	0.176
	1.824
	2.000

	GO-34
	1230 
	1.50
	0.061
	0.827
	0.112
	1.000
	0.734
	0.099
	0.003
	0.000
	0.002
	0.161
	1.000
	0.000
	0.170
	1.830
	2.000

	GO-01
	1200 
	1.50
	0.058
	0.834
	0.109
	1.000
	0.732
	0.095
	0.003
	0.012
	0.002
	0.156
	1.000
	0.013
	0.163
	1.824
	2.000

	GO-29
	1200 
	1.50
	0.064
	0.812
	0.124
	0.999
	0.735
	0.112
	0.004
	0.000
	0.002
	0.146
	0.999
	0.000
	0.151
	1.849
	2.000

	GO-30
	1200 
	1.00
	0.076
	0.814
	0.111
	1.000
	0.739
	0.101
	0.004
	0.004
	0.002
	0.150
	1.000
	0.004
	0.160
	1.836
	2.000

	GO-32 (Pt)
	1100 
	1.50
	0.038
	0.949
	0.013
	1.000
	0.837
	0.011
	0.002
	0.013
	0.002
	0.135
	1.000
	0.013
	0.141
	1.846
	2.000

	GO-23
	1100 
	1.50
	0.030
	0.858
	0.112
	1.000
	0.745
	0.097
	0.002
	0.018
	0.001
	0.137
	1.000
	0.019
	0.142
	1.840
	2.000

	GO-22
	1100 
	1.40
	0.040
	0.869
	0.091
	1.000
	0.738
	0.077
	0.002
	0.044
	0.001
	0.137
	1.000
	0.046
	0.141
	1.813
	2.000

	GO-05
	1100 
	1.30
	0.049
	0.858
	0.093
	1.000
	0.737
	0.080
	0.001
	0.045
	0.002
	0.136
	1.000
	0.046
	0.139
	1.816
	2.000

	GO-06
	1100 
	1.20
	0.057
	0.836
	0.107
	1.000
	0.737
	0.095
	0.001
	0.029
	0.001
	0.137
	1.000
	0.030
	0.140
	1.831
	2.000

	GO-31a 
	1100 
	1.00
	0.066
	0.849
	0.085
	1.000
	0.752
	0.075
	0.000
	0.036
	0.002
	0.135
	1.000
	0.036
	0.137
	1.827
	2.000

	GO-03
	1000 
	1.50
	0.022
	0.852
	0.126
	1.000
	0.760
	0.113
	0.001
	0.008
	0.001
	0.116
	1.000
	0.009
	0.120
	1.871
	2.000

	GO-33 (Pt)
	1000 
	1.50
	0.026
	0.950
	0.019
	0.996
	0.858
	0.018
	0.000
	0.000
	0.002
	0.118
	0.996
	0.000
	0.103
	1.897
	2.000

	GO-11
	1000 
	1.10
	0.040
	0.846
	0.114
	1.000
	0.757
	0.102
	0.001
	0.016
	0.001
	0.123
	1.000
	0.017
	0.126
	1.858
	2.000

	GO-26 (Pt)
	1000 
	1.00
	0.046
	0.941
	0.012
	1.000
	0.856
	0.011
	0.001
	0.008
	0.001
	0.124
	1.000
	0.008
	0.126
	1.866
	2.000

	GO-41 (C, Pt)
	900 
	1.00
	0.033
	0.858
	0.109
	1.000
	0.777
	0.099
	0.001
	0.024
	0.001
	0.098
	1.000
	0.025
	0.100
	1.875
	2.000

	GO-35 (Pt)
	900 
	1.00
	0.017
	0.953
	0.023
	0.993
	0.853
	0.020
	0.001
	0.000
	0.001
	0.118
	0.993
	0.000
	0.092
	1.908
	2.000

	G1-22
	1300 
	1.40
	0.081
	0.813
	0.094
	0.988
	0.713
	0.082
	0.002
	0.000
	0.023
	0.167
	0.988
	0.000
	0.145
	1.855
	2.000

	G1-32
	1300 
	1.00
	0.103
	0.796
	0.082
	0.981
	0.699
	0.072
	0.002
	0.000
	0.021
	0.187
	0.981
	0.000
	0.136
	1.864
	2.000

	G1-30
	1250 
	1.50
	0.072
	0.827
	0.094
	0.993
	0.737
	0.083
	0.002
	0.000
	0.020
	0.151
	0.993
	0.000
	0.147
	1.853
	2.000

	G1-07
	1200 
	1.60
	0.046
	0.845
	0.105
	0.996
	0.742
	0.092
	0.002
	0.000
	0.020
	0.140
	0.996
	0.000
	0.146
	1.854
	2.000

	G1-06
	1200 
	1.50
	0.051
	0.831
	0.105
	0.987
	0.719
	0.091
	0.001
	0.000
	0.017
	0.159
	0.987
	0.000
	0.125
	1.875
	2.000

	G1-03
	1200 
	1.40
	0.059
	0.826
	0.104
	0.989
	0.732
	0.092
	0.002
	0.000
	0.017
	0.145
	0.989
	0.000
	0.122
	1.878
	2.000

	G1-02
	1200 
	1.30
	0.058
	0.829
	0.104
	0.991
	0.735
	0.092
	0.001
	0.000
	0.018
	0.144
	0.991
	0.000
	0.131
	1.869
	2.000

	G1-04
	1200 
	1.20
	0.070
	0.820
	0.095
	0.986
	0.728
	0.084
	0.002
	0.000
	0.018
	0.154
	0.986
	0.000
	0.117
	1.883
	2.000

	G1-01
	1200 
	1.10
	0.062
	0.819
	0.103
	0.985
	0.722
	0.091
	0.002
	0.000
	0.016
	0.154
	0.985
	0.000
	0.112
	1.888
	2.000

	G1-05
	1200 
	1.00
	0.065
	0.828
	0.100
	0.992
	0.736
	0.089
	0.002
	0.000
	0.020
	0.145
	0.992
	0.000
	0.138
	1.862
	2.000

	G1-23
	1100 
	1.50
	0.039
	0.847
	0.104
	0.991
	0.753
	0.093
	0.001
	0.000
	0.013
	0.132
	0.991
	0.000
	0.111
	1.889
	2.000

	G1-26
	1100 
	1.00
	0.052
	0.838
	0.100
	0.990
	0.761
	0.091
	0.001
	0.000
	0.013
	0.124
	0.990
	0.000
	0.099
	1.901
	2.000

	G1-27 (Pt)
	1000 
	1.50
	0.028
	0.956
	0.016
	1.000
	0.855
	0.014
	0.001
	0.024
	0.010
	0.095
	1.000
	0.027
	0.105
	1.868
	2.000

	G1-28 (Pt)
	1000 
	1.00
	0.040
	0.962
	0.000
	1.002
	0.881
	0.000
	0.001
	0.017
	0.010
	0.092
	1.002
	0.020
	0.109
	1.871
	2.000

	G1-24 (C, Pt)
	1000 
	1.50
	0.030
	0.852
	0.111
	0.994
	0.780
	0.102
	0.001
	0.000
	0.012
	0.099
	0.994
	0.000
	0.089
	1.911
	2.000

	G1-25 (Pt)
	900 
	1.00
	0.031
	0.967
	0.002
	1.000
	0.900
	0.002
	0.001
	0.013
	0.008
	0.076
	1.000
	0.015
	0.084
	1.901
	2.000

	G2-06
	1300 
	1.40
	0.066
	0.861
	0.072
	1.000
	0.769
	0.064
	0.007
	0.006
	0.051
	0.102
	1.000
	0.010
	0.165
	1.826
	2.000

	G2-12
	1300 
	1.00
	0.091
	0.836
	0.070
	0.997
	0.767
	0.064
	0.007
	0.000
	0.048
	0.111
	0.997
	0.000
	0.161
	1.839
	2.000

	G2-01
	1200 
	1.50
	0.066
	0.864
	0.070
	1.000
	0.776
	0.063
	0.000
	0.012
	0.054
	0.094
	1.000
	0.019
	0.142
	1.839
	2.000

	G2-05
	1150 
	1.50
	0.034
	0.927
	0.039
	1.000
	0.791
	0.033
	0.010
	0.039
	0.038
	0.088
	1.000
	0.056
	0.128
	1.815
	2.000

	G2-02 (Pt)
	1100
	1.50
	0.027
	0.922
	0.046
	0.994
	0.827
	0.041
	0.005
	0.000
	0.038
	0.083
	0.994
	0.000
	0.108
	1.892
	2.000

	G2-07 (Pt)
	1050 
	1.50
	0.026
	0.937
	0.038
	1.000
	0.875
	0.035
	0.005
	0.001
	0.026
	0.059
	1.000
	0.001
	0.093
	1.905
	2.000

	G2-11 (C, Pt)
	900 
	1.50
	0.014
	0.948
	0.039
	1.000
	0.835
	0.034
	0.004
	0.056
	0.020
	0.051
	1.000
	0.071
	0.064
	1.864
	2.000

	G2-10 (C, Pt) 
	900 
	1.00
	0.027
	0.930
	0.043
	1.000
	0.839
	0.039
	0.003
	0.050
	0.019
	0.049
	1.000
	0.063
	0.062
	1.875
	2.000





(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules


















Supplementary Table 6c: Clinopyroxene structural formulae (Cations)
	Experiment
	Temperature (°C)
	Pressure Gpa
	Ca
	Mg
	Fe2+
	∑ M2
	Mg
	Fe2+
	Ti
	Fe3+
	Cr
	Al
	∑ M1
	Fe3+
	Al
	Si
	∑Z(Tet)

	GO-40
	1300
	1.50
	0.608
	0.349
	0.042
	1.000
	0.654
	0.080
	0.005
	0.030
	0.006
	0.224
	1.000
	0.032
	0.239
	1.729
	2.000

	GO-29
	1200
	1.50
	0.676
	0.289
	0.035
	1.000
	0.707
	0.087
	0.002
	0.025
	0.006
	0.174
	1.000
	0.026
	0.182
	1.793
	2.000

	GO-30
	1200
	1.00
	0.644
	0.311
	0.045
	1.000
	0.683
	0.098
	0.006
	0.009
	0.006
	0.197
	1.000
	0.010
	0.215
	1.775
	2.000

	GO-32 (Pt)
	1100
	1.50
	0.825
	0.178
	0.000
	1.002
	0.847
	0.000
	0.007
	0.001
	0.005
	0.143
	1.002
	0.001
	0.172
	1.828
	2.000

	GO-23
	1100
	1.50
	0.781
	0.205
	0.013
	1.000
	0.745
	0.047
	0.003
	0.038
	0.004
	0.163
	1.000
	0.040
	0.171
	1.789
	2.000

	GO-06
	1100
	1.20
	0.707
	0.269
	0.025
	1.000
	0.724
	0.066
	0.005
	0.034
	0.005
	0.167
	1.000
	0.037
	0.178
	1.786
	2.000

	GO-31a 
	1100
	1.00
	0.712
	0.256
	0.032
	1.000
	0.734
	0.091
	0.003
	0.021
	0.002
	0.149
	1.000
	0.022
	0.156
	1.822
	2.000

	GO-03
	1000
	1.50
	0.844
	0.162
	0.000
	1.006
	0.822
	0.000
	0.004
	0.064
	0.003
	0.111
	1.006
	0.077
	0.133
	1.790
	2.000

	GO-33 (Pt)
	1000
	1.50
	0.890
	0.131
	0.000
	1.021
	0.931
	0.000
	0.000
	0.007
	0.003
	0.081
	1.021
	0.013
	0.162
	1.825
	2.000

	GO-11
	1000
	1.10
	0.766
	0.221
	0.012
	1.000
	0.774
	0.043
	0.004
	0.046
	0.003
	0.131
	1.000
	0.049
	0.139
	1.813
	2.000

	GO-26 (Pt)
	1000
	1.00
	0.828
	0.177
	0.000
	1.006
	0.833
	0.000
	0.003
	0.039
	0.003
	0.128
	1.006
	0.046
	0.153
	1.801
	2.000

	GO-41
	900
	1.00
	0.843
	0.150
	0.007
	1.000
	0.815
	0.038
	0.005
	0.043
	0.002
	0.097
	1.000
	0.046
	0.105
	1.849
	2.000

	G1-22
	1300
	1.40
	0.643
	0.335
	0.022
	1.000
	0.677
	0.044
	0.003
	0.040
	0.038
	0.198
	1.000
	0.048
	0.235
	1.718
	2.000

	G1-32
	1300
	1.00
	0.507
	0.422
	0.068
	0.997
	0.641
	0.104
	0.003
	0.000
	0.038
	0.211
	0.997
	0.000
	0.245
	1.755
	2.000

	G1-30
	1250
	1.50
	0.687
	0.290
	0.023
	1.000
	0.683
	0.054
	0.002
	0.033
	0.025
	0.203
	1.000
	0.037
	0.229
	1.735
	2.000

	G1-03
	1200
	1.40
	0.684
	0.276
	0.040
	1.000
	0.686
	0.099
	0.003
	0.004
	0.032
	0.176
	1.000
	0.005
	0.214
	1.781
	2.000

	G1-04
	1200
	1.20
	0.655
	0.298
	0.045
	0.998
	0.677
	0.101
	0.004
	0.000
	0.035
	0.181
	0.998
	0.000
	0.215
	1.785
	2.000

	G1-01
	1200
	1.10
	0.609
	0.332
	0.051
	0.992
	0.659
	0.102
	0.002
	0.000
	0.038
	0.191
	0.992
	0.000
	0.201
	1.799
	2.000

	G1-05
	1200
	1.00
	0.569
	0.365
	0.051
	0.984
	0.672
	0.093
	0.002
	0.000
	0.031
	0.185
	0.984
	0.000
	0.157
	1.843
	2.000

	G1-23
	1100
	1.50
	0.816
	0.182
	0.003
	1.000
	0.778
	0.011
	0.003
	0.047
	0.025
	0.136
	1.000
	0.055
	0.159
	1.786
	2.000

	G1-26
	1100
	1.00
	0.709
	0.264
	0.027
	1.000
	0.750
	0.075
	0.003
	0.018
	0.026
	0.128
	1.000
	0.022
	0.156
	1.822
	2.000

	G1-27 (Pt)
	1000
	1.50
	0.900
	0.113
	0.000
	1.013
	0.891
	0.000
	0.003
	0.020
	0.021
	0.078
	1.013
	0.037
	0.142
	1.822
	2.000

	G1-28 (Pt)
	1000
	1.00
	0.799
	0.211
	0.000
	1.010
	0.882
	0.000
	0.003
	0.018
	0.019
	0.089
	1.010
	0.030
	0.144
	1.827
	2.000

	G1-24 (C, Pt)
	1000
	1.50
	0.865
	0.136
	0.000
	1.001
	0.824
	0.000
	0.003
	0.057
	0.019
	0.099
	1.001
	0.068
	0.117
	1.815
	2.000

	G1-25 (Pt)
	900
	1.00
	0.891
	0.107
	0.003
	1.000
	0.879
	0.021
	0.004
	0.015
	0.014
	0.069
	1.000
	0.018
	0.086
	1.896
	2.000

	G2-06
	1300
	1.40
	0.669
	0.295
	0.027
	0.990
	0.704
	0.064
	0.025
	0.000
	0.081
	0.116
	0.990
	0.000
	0.209
	1.791
	2.000

	G2-12
	1300
	1.00
	0.571
	0.379
	0.031
	0.981
	0.680
	0.055
	0.023
	0.000
	0.084
	0.139
	0.981
	0.000
	0.192
	1.808
	2.000

	G2-01
	1200
	1.50
	0.769
	0.202
	0.018
	0.989
	0.762
	0.067
	0.024
	0.000
	0.050
	0.086
	0.989
	0.000
	0.139
	1.861
	2.000

	G2-05
	1150
	1.50
	0.765
	0.205
	0.017
	0.987
	0.770
	0.063
	0.021
	0.000
	0.047
	0.085
	0.987
	0.000
	0.121
	1.879
	2.000

	G2-02 (Pt)
	1100
	1.50
	0.803
	0.191
	0.006
	1.000
	0.874
	0.026
	0.024
	0.004
	0.040
	0.031
	1.000
	0.015
	0.110
	1.875
	2.000

	G2-11 (C, Pt)
	900
	1.50
	0.901
	0.075
	0.005
	0.982
	0.822
	0.060
	0.018
	0.000
	0.025
	0.057
	0.982
	0.000
	0.045
	1.955
	2.000

	G2-10 (C, Pt)
	900
	1.00
	0.841
	0.125
	0.010
	0.977
	0.807
	0.066
	0.019
	0.000
	0.024
	0.062
	0.977
	0.000
	0.032
	1.968
	2.000


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules































Supplementary Table 6d: Spinel structural formulae (Cations)
	Experiment
	Temperature
(°C)
	Pressure (Gpa)
	Ca
	Mg
	Fe2+
	Si
	∑M
	Ti
	Fe3+
	Cr
	Al
	∑Y

	G0-40
	1,300
	1.50
	0.005
	0.790
	0.150
	0.010
	0.955
	0.001
	0.000
	0.016
	1.994
	2.012

	G0-34
	1,230
	1.50
	0.002
	0.782
	0.155
	0.007
	0.945
	0.001
	0.000
	0.018
	2.000
	2.020

	G0-01
	1,200
	1.50
	0.005
	0.783
	0.160
	0.032
	0.980
	0.001
	0.000
	0.019
	1.960
	1.980

	G0-29
	1,200
	1.50
	0.002
	0.801
	0.165
	0.005
	0.973
	0.001
	0.000
	0.016
	1.984
	2.002

	G0-30
	1,200
	1.00
	0.004
	0.788
	0.159
	0.010
	0.961
	0.001
	0.000
	0.017
	1.989
	2.007

	G0-4
	1,200
	1.40
	0.000
	0.784
	0.161
	0.019
	0.964
	0.001
	0.000
	0.017
	1.982
	2.000

	G0-32 (Pt)
	1,100
	1.50
	0.003
	1.001
	0.000
	0.020
	1.020
	0.001
	0.005
	0.021
	1.949
	1.975

	G0-23
	1,100
	1.50
	0.000
	0.799
	0.171
	0.008
	0.978
	0.001
	0.000
	0.024
	1.971
	1.996

	G0-22
	1,100
	1.40
	0.007
	0.767
	0.170
	0.027
	0.971
	0.001
	0.000
	0.022
	1.965
	1.988

	G0-05
	1,100
	1.30
	0.010
	0.777
	0.176
	0.019
	0.982
	0.000
	0.000
	0.021
	1.964
	1.986

	G0-06
	1,100
	1.20
	0.007
	0.767
	0.170
	0.027
	0.971
	0.001
	0.000
	0.022
	1.965
	1.988

	G0-31a
	1,100
	1.00
	0.007
	0.767
	0.170
	0.027
	0.971
	0.001
	0.000
	0.022
	1.965
	1.988

	G0-03
	1,000
	1.50
	0.000
	0.764
	0.204
	0.007
	0.975
	0.001
	0.000
	0.024
	1.972
	1.997

	G0-33 (Pt)
	1,000
	1.50
	0.009
	1.052
	0.000
	0.017
	1.017
	0.000
	0.065
	0.022
	1.912
	1.998

	G0-11
	1,000
	1.10
	0.000
	0.765
	0.198
	0.005
	0.967
	0.001
	0.000
	0.025
	1.978
	2.004

	G0-26 (Pt)
	1,000
	1.00
	0.013
	0.953
	0.008
	0.034
	1.007
	0.000
	0.000
	0.023
	1.949
	1.972

	G0-41 (C, Pt)
	900
	1.00
	0.010
	0.763
	0.194
	0.032
	0.998
	0.001
	0.000
	0.026
	1.939
	1.966

	G0-35 (Pt)
	900
	1.00
	0.012
	0.917
	0.005
	0.030
	0.963
	0.001
	0.000
	0.028
	1.976
	2.004

	 
	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	G1-22
	1,300
	1.40
	0.004
	0.827
	0.151
	0.008
	0.991
	0.001
	0.000
	0.161
	1.827
	1.989

	G1-32
	1,300
	1.00
	0.002
	0.816
	0.151
	0.018
	0.987
	0.001
	0.000
	0.161
	1.823
	1.985

	G1-30
	1,250
	1.50
	0.001
	0.817
	0.157
	0.013
	0.988
	0.001
	0.000
	0.165
	1.822
	1.988

	G1-07
	1,200
	1.60
	0.003
	0.831
	0.159
	0.007
	1.000
	0.001
	0.000
	0.163
	1.820
	1.984

	G1-06
	1,200
	1.50
	0.003
	0.832
	0.155
	0.005
	0.995
	0.001
	0.000
	0.180
	1.807
	1.988

	G1-03
	1,200
	1.40
	0.008
	0.837
	0.147
	0.018
	1.010
	0.001
	0.000
	0.164
	1.804
	1.970

	G1-02
	1,200
	1.30
	0.003
	0.832
	0.160
	0.010
	1.005
	0.001
	0.000
	0.168
	1.808
	1.978

	G1-04
	1,200
	1.20
	0.002
	0.822
	0.152
	0.016
	0.991
	0.001
	0.000
	0.181
	1.801
	1.983

	G1-5
	1,200
	1.10
	0.002
	0.834
	0.158
	0.012
	1.006
	0.001
	0.000
	0.169
	1.806
	1.976

	G1-01
	1,200
	1.00
	0.001
	0.835
	0.153
	0.002
	0.992
	0.001
	0.000
	0.161
	1.830
	1.992

	G1-23
	1,100
	1.50
	0.004
	0.793
	0.171
	0.011
	0.979
	0.001
	0.000
	0.175
	1.817
	1.993

	G1-26
	1,100
	1.00
	0.004
	0.797
	0.166
	0.012
	0.978
	0.001
	0.000
	0.175
	1.818
	1.994

	G1-27 (Pt)
	1,000
	1.50
	0.002
	0.955
	0.041
	0.007
	1.004
	0.001
	0.000
	0.186
	1.802
	1.989

	G1-28 (Pt)
	1,000
	1.00
	0.008
	1.091
	0.010
	0.012
	1.121
	0.001
	0.000
	0.181
	1.728
	1.910

	G1-24 (C, Pt)
	1,000
	1.50
	0.007
	0.776
	0.184
	0.009
	0.976
	0.001
	0.000
	0.189
	1.806
	1.996

	G1-25 (Pt)
	900
	1.00
	0.011
	1.071
	0.009
	0.019
	1.109
	0.001
	0.000
	0.188
	1.725
	1.914

	 
	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	G2-06
	1,300
	1.40
	0.004
	0.900
	0.097
	0.007
	1.007
	0.015
	0.034
	0.575
	1.363
	1.987

	G2-12
	1,300
	1.00
	0.004
	0.891
	0.105
	0.013
	1.013
	0.012
	0.028
	0.571
	1.368
	1.979

	G2-01
	1,200
	1.50
	0.011
	0.863
	0.126
	0.023
	1.023
	0.009
	0.042
	0.613
	1.303
	1.968

	G2-05
	1,150
	1.50
	0.008
	0.843
	0.149
	0.033
	1.033
	0.011
	0.017
	0.623
	1.295
	1.946

	G2-02 (Pt)
	1,100
	1.50
	0.014
	1.015
	0.025
	0.003
	1.058
	0.010
	0.000
	0.679
	1.265
	1.954

	G2-11 (C, Pt)
	900
	1.50
	0.008
	0.810
	0.182
	0.019
	1.019
	0.013
	0.033
	0.705
	1.215
	1.966

	G2-10 (C, Pt)
	900
	1.00
	0.019
	0.804
	0.178
	0.043
	1.043
	0.011
	0.036
	0.718
	1.169
	1.935


(Pt): Sealed Pt capsules; (C, Pt): Graphite capsules enclosed in sealed Pt capsules; other experiments used graphite capsules















Supplementary Table 7: Procedures used to calculate structural formulae 

A. Pyroxenes (MM2(Oct); MM1(Oct) ; ZTet2; O6)Px 
1. Calculate Atomic Formula
2. Assign (ZTet)Px site
a. Assume: (ΣcationsZ(Tet))Px = 2 
i. (Si4+, Z(Tet))Px, At. Form.
ii. (Al Z(Tet))Px = {(2 - Si4+)*Al 3+/(Al+ Fe3+)}Px,  At. Form.
iii. (Fe3+, Z(Tet))Px = {(2 - Si4+)*Fe3+/(Al+ Fe3+)}Px, At. Form.
3. Assume: 
a. ΣCations(MM1(Oct))Px  = {ΣCations(MM1(Oct)+ΣCations MM2(Oct))Px/2}, and
b. ΣCations(MM2(Oct))Px  = {ΣCations(MM1(Oct)+ΣCations MM2(Oct))Px/2} 
4. (MM1(Oct))Px Site
a. (Cr3+)Px, At. Form.
b. (Ti4+)Px,  At. Form.
c. (Al)Px = {(Al)At. Form. -(Al, Z(Tet))}Px
d. (Fe3+)Px = {(Fe3+)At. Form. -(Fe3+, Z(Tet))} Px
e. (Fe2+)Px = {[(ΣFe2+, M1+ΣFe2+, M2)/2)-(Ti+Fe3++Cr+Al,M1)*(Fe2+/(Fe2++Mg)]}Px, At. Form.
f. (Mg)Px = {[(ΣMg M1+ΣMg M2)/2)-(Ti+Fe3++Cr+Al, M1)*(Mg/(Fe2++Mg)]}Px, At. Form.
5. (MM2(Oct))Px  Site
a. Assign (K, Na and Ca) Px, At. Form. to (nM2)Px
b. (Fe2+, M2)Px = (Fe2+)Px, At. Form. – (Fe2+, M1)Px
c. (MgM2)Px = (Mg) Px, At. Form. – (Mg M1)Px
B. Olivine (M2OctZTetO4)Ol
      1.   Calculate Atomic Formula
      2.   (ZTet)Ol site
                  a.   Assign ((Si, Ti)Ol)At. Form.  to (ZTet)Ol
      3.   (MOct)Ol site
a. Assign ((K, Na, Ca, Mg, Ni, Mn, Fe2+, Al, Cr, Fe3+)Ol)At. Form. to (MOct)Ol 
C. Spinel ((MOctYTet2O4)Sp
      1.    Calculate Atomic Formula 
      2.    (MOct) Sp Site
	      a.   Assign ((K, Na, Ca, Mg, Ni, Mn, Fe2+, Si)Sp ) At. Form.  to (MOct)Sp
      3.    (YTet ) Sp Site
a.   Assign (Fe3+, Al, Cr)Sp, At. Form.  to (YTet)Sp  
b.   If ΣMOct>1; 1-ΣMOct = YFe3+, Tet
c.   MFe2+Oct = MFe2+ At. Form. - YFe3+, Tet

((nij)k is the component “ni” in structural site “j” in phase “k”; M = Σ(Mg, Fe); Z = R3+)

Supplementary Table 8: Mole fractions and ‘bulk’ compositions used in calculation of equilibrium constants

1. (XMg) (Struct. Form.)
a. Pyroxenes: 
i. (XMgM1)Px: (MgM1/ΣCationsM1)Px
ii. (XMgM2)Px: (MgM2/ΣCationsM2)Px
b. Olivine: 
i. (XMgM2)Ol: (MgM2/ΣCationsM2) Px
c. Spinel: 
i. (XMgM2)Sp: (MgM2/ΣCationsM2)Sp
2. (XR3+) (Struct. Form.)
a. Pyroxenes: (XR3+)Px 
i. (XAlTet)Px:AlTet/ΣCationsTet
ii. (XAlM1)Px:(AlM1-(NaM2*(AlM1/(Ti4++Al+Cr+Fe3+)))M1)/ΣCationsM1
iii. (XCrM1)Px:(CrM1-(NaM2*CrM1/(Ti+Al+Cr+Fe3+))M1)/ΣCationsM1
iv. (XFe3+Tet)Px:Fe3+,Tet/ΣCationsTet
v. (XFe3+M1)Px:(Fe3+M1-(NaM2*(Fe3+M1/(Ti+Al+Cr+Fe3+)))M1)/ΣCationsM1
b. Spinel:(XR3+)Sp 
i. (XAl)Sp: (Al3+/ΣCationsTet)Sp
ii. (XCr)Sp: (Cr3+/ΣCationsTet)Sp
iii. (XFe3+)Sp: (Fe3+/ΣCationsTet)Sp
3. Pyroxene Solvus (At. Form.)
a. (XCa)(Opx, Cpx): ((Ca-(Na+K))/((Ca-(Na+K))+Mg))(Opx, Cpx)
4. ‘Bulk’ compositions (At. Form.)
a. (‘Bulk’ Al)Px: (2(Al/(Al+Cr+Fe3+)Px+Al/(Al+Cr+Fe3+)Sp)/3
b. (‘Bulk’ Mg)Px: (2(Mg/(Mg+Fe)Px+Mg/(Mg+Fe)Sp)/3
c. (’Bulk’ Mg)Sil-Sp: (Mg/(Mg+Fe)Sil+Mg/(Mg+Fe)Sp)/2
d. (‘Bulk’ Mg)Ol-Px: (Mg/(Mg+Fe)Ol+Mg/(Mg+Fe)Px)/2
e. (‘Bulk’ Mg:)Opx-Cpx: (Mg/(Mg+Fe)Opx+Mg/(Mg+Fe)Cpx)/2

(Xnj)k  is the mole fraction “X” of component “n” in structural site “j” in phase “k”; At. Form. = Atomic Formula; Struct. Form. = Structural Formula

Supplementary Table 9a. Sensitivity analysis: Dependence of calculated temperatures on pressure and composition.
		
	 
	
Calculated dependencies
	
Errors

	Equilibrium constant
	Reaction

	Composition
	Pressure
	Composition
	Pressure

	
	 
	°C/0.1
'Bulk' Al
	°C/0.1
‘Bulk' Mg
	°C/1.0 GPa
	± (°C/0.1
'Bulk' Al)
	± (°C/0.1
‘Bulk' Mg)
	± (°C/1.0 GPa)

	12b
	 (Mg/Fe) Ol-Cpx
	 
	58
	-316
	 
	26
	117

	
	 (Mg/Fe) Ol-Cpx (Brey and Köhler 1990)
	 
	 
	61
	 
	 
	 

	13a
	 (Mg/Fe) Opx-Cpx
	 
	-26
	-184
	 
	22
	66

	14a
	 (Ca/Mg/Fe) Opx-Cpx
	 
	-24
	-181
	 
	20
	63

	
	 
	 
	 
	 
	 
	 
	 

	4a
	(Alss) Cpx
	24
	19
	-44
	18
	32
	25

	6a
	(Crss) Cpx
	83
	19
	-13
	23
	20
	20

	3a
	(Alss) Opx
	-3
	18
	-13
	21
	19
	20

	5a
	(Crss) Opx
	56
	18
	5
	25
	22
	17

	
	 
	 
	 
	 
	 
	 
	 

	
	(Alss) Opx, Garnet (MacGregor 1974)
	 
	 
	139
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 

	15
	(Solvus) Opx (1)
	 
	 
	145
	 
	 
	69

	15
	(Solvus) Cpx (1)
	 
	 
	124
	 
	 
	59



















[bookmark: _GoBack]Supplementary Table 9b.  Sensitivity analysis:  Dependence of 
calculated solvi pressures on composition.
		Equilibrium constant
	
Reaction
	GPa/0.1(Mg/(Mg+Fe))Px

	
	
	@ 900°C
	@ 1300°C

	15
	Solvus (Opx)
	0.02
	0.05

	15
	Solvus (Cpx)
	0.01
	0.02




	Natural compositions: (Mg/(Mg+Fe))Opx=0.916 (SD-0.025);  (Mg/(Mg+Fe))Cpx=0.934 (SD-0.033)

















